DEMODULATION REFERENCE SIGNAL PORT MAPPING AND INDICATION
SCHEMES

TECHNICAL FIELD

[0001] This disclosure is directed generally to wireless communications.

BACKGROUND
[0002] Wireless communication technologies are moving the world toward an increasingly
connected and networked society. The rapid growth of wireless communications and advances in
technology has led to greater demand for capacity and connectivity. Other aspects, such as
energy consumption, device cost, spectral efficiency, and latency are also important to meeting
the needs of various communication scenarios. In comparison with the existing wireless
networks, next generation systems and wireless communication techniques need to provide
support for an increased number of users and devices, as well as support an increasingly mobile

society.

SUMMARY
[0003] Various techniques are disclosed that can be implemented by embodiments in mobile
communication technology, including Sth Generation (5G), new radio (NR), 4th Generation
(4G), and long-term evolution (LTE) communication systems with respect to demodulation
reference signal (DMRS) design.
[0004] In one example aspect, a wireless communication method is disclosed. The method
includes receiving, by a communication device, a reference signal indication; and demodulating,
by the communication device, the reference signal based on a plurality of resources associated
with the reference signal indication.
[0005] In another example aspect, another wireless communication method is disclosed. The
method includes transmitting, by a network device to a communication device a reference signal
indication; wherein the reference signal indication indicates a plurality of resources that enable
the communication device to demodulate the reference signal.
[0006] In yet another exemplary aspect, the above-described methods are embodied in the
form of a computer-readable medium that stores processor-executable code for implementing the

method.



[0007] In yet another exemplary embodiment, a device that is configured or operable to
perform the above-described methods is disclosed. The device comprises a processor configured
to implement the method.

[0008] The above and other aspects and their implementations are described in greater detail

in the drawings, the descriptions, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009] FIG. 1 illustrates DMRS type 2 with one front loaded DMRS symbols.
[0010] FIG. 2 illustrates DMRS type 2 with two front loaded DMRS symbols.
[0011] FIG. 3 illustrates DMRS type 2 with one front loaded and two additional DMRS
symbols.
[0012] FIG. 4 illustrates DMRS CDM groups with 4 DMRS ports in one CDM group.
[0013] FIG. 5 illustrates DMRS CDM groups with 4 DMRS ports in one CDM group for
DMRS type 1.
[0014] FIG. 6 is a flowchart illustrating an example method.
[0015] FIG. 7 is a flowchart illustrating an example method.
[0016] FIG. 8 is a block diagram example of a wireless communication system.

[0017] FIG. 9 is a flowchart of an example method of wireless communication.

DETAILED DESCRIPTION
[0018] Section headings are used in the present document only to improve readability and do
not limit scope of the disclosed embodiments and techniques in each section to only that section.
Certain features are described using the example of Fifth Generation (5G) wireless protocol.
However, applicability of the disclosed techniques is not limited to only 5G wireless systems.
[0019] In the initial releases of new radio (NR), two demodulation reference signal (DMRS)
types are supported named as DMRS type 1 and DMRS type 2.
[0020] Figure 1 shows the DMRS pattern for DMRS type 2 within one physical resource
block (PRB) in the case when one front loaded DMRS symbol is configured by radio resource
control (RRC) signaling or indicated by downlink control information (DCI) signaling, where
two adjacent frequency resource elements (REs) form one DMRS code division multiplexing

(CDM) group.



[0021] Specifically, DMRS port 0 and 1 are multiplexed in CDM group #0, i.e., port 0 and
portl are multiplexed in RE #0 and RE #1 in CDM manner, and port 0 and port 1 are also
multiplexed in RE #6 and RE #7 in CDM manner. As seen in Figure 1, CDM group #0 are
repeated twice where one is in RE #0 and #1, and the other one is in RE #6 and #7. Similar
mapping for other DMRS ports. In summary, 6 DMRS ports are supported in the case of one
front loaded DMRS symbol, and the density of each DMRS port is 4 REs per PRB per symbol.
[0022] Figure 2 shows the DMRS pattern for DMRS type 2 within one PRB in the case when
two front loaded DMRS symbols are configured by RRC signaling or indicated by DCI
signaling, where four adjacent REs form one DMRS CDM group.

[0023] Specifically, DMRS port 0, 1, 6 and 7 are multiplexed in CDM group #0 in CDM
manner. Similar mapping for other DMRS ports. In summary, 12 DMRS ports are supported in
the case of two front loaded DMRS symbols, and the density of each DMRS port is 8 REs per
PRB per 2-symbols. Note that in one PRB, each CDM group maps twice, e.g., CDM group #0
maps on RE #0, #1 and also RE #6, #7.

[0024] Figure 3 shows one front loaded DMRS symbol and X =0, 1, 2 additional DMRS
symbol can be configured.

[0025] In the uplink or downlink transmission, more than 8 or 12 DMRS ports may be
supported. New DMRS pattern should be designed, and the DMRS port should also be indicated
to UE. In current specification, only 8 or 12 DMRS ports are supported, and how to support more
DMRS ports should be considered.

[0026] Embodiment 1

[0027] User equipment (UE) receives a reference signal indication from gNB and acquire
and demodulate the reference signal from plurality of resources.

[0028] One DMRS port can be associated with orthogonal cover code (OCC) of length 4 or 6
in the frequency domain, and up to 4 or 6 DMRS ports can be mapped on the same resources by
using different OCC.

[0029] For DMRS mapping, the frequency domain OCC with length 4 can be used and 4
resource elements can be used for one CDM group mapping or one OCC with length 4 mapping.
[0030] The DMRS mapping is associated with plurality parameter, such as from at least one
of: the PRB index for one scheduling or in one PRG, the repetition number of CDM group, the
RE index, the DMRS port index, and the related OCC index.



[0031] The sequence shall be mapped to the intermediate quantity a,(fl’” ) according to

ah* =w (K w,(r(d*n+k')

[0032] As shown in Figure 4 of DMRS type 2, 4 REs are supported for one CDM group for
single symbol DMRS mapping, and one DMRS port with OCC of length 4 can be used.

[0033] For DMRS type 2, 3 CDM groups are used for DMRS mapping, and the DMRS ports
of the first CDM group are mapped on REs #0, 1, 6, 7, and the related parameter for DMRS
mapping which is represented by £’ and RE indexes are associated with the parameter k’, such
that £'=0,1,6,7 .

[0034] Considering DMRS type 2, up to 3 DMRS CDM groups are supported, and the 3
CDM groups are mapped on different resources, a parameter is associated with different CDM
groups and determined by the start RE index of the mapping of each CDM group. Regardless of
OCC in time domain, for DMRS type 2, the CDM group #0, 1, 3 are associated with 4 ports in
CDM manner, as shown in Figure 4.

[0035] For DMRS type 2, the DMRS can be mapped on the frequency resource elements of :
k=a*n+b*k+A

[0036] The parameter k’, the associate resource elements in one CDM group, and the start
resource elements index for each CDM group respectively are discussed above.

[0037] The parameter a represents the difference of REs between two times of DMRS
mapping for the same CDM group or it can be described as the total number of REs that used for
mapping the number of CDM groups or the total number of DMRS ports supported in one
OFDM symbol and the parameter n represents different times of DMRS mapping for the same
CDM group.

[0038] Take type 2 DMRS for example, each CDM group is mapped on 4 different REs, and
for up to 3 CDM groups, a total number of 12 REs are used for the CDM groups. So, for the
same CDM group mapping, different 12 REs are supported, the value a equals to 12, and n can
be a integer value from 0. The formula can be modified as k =12*n+k'+A.

[0039] For the first time of DMRS CDM group mapping, i.e., n=0

[0040] For CDM group#0, k'=0,1,6,7, and A=0, CDM group 0 are mapped on REs #0,1,6,7.
[0041] For CDM group#l1, k'=0,1,6,7, and A=2, CDM group 1 are mapped on REs #2,3,8,9.



[0042] For CDM group#2, k'=0,1,6,7, and A=2, CDM group 2 are mapped on REs
#4,5,10,11.

[0043] All of the REs in one PRB are used for the DMRS mapping for the up to 3 DMRS
CDM groups.

[0044] Similarly, for the other value of n, the REs of other PRBs are used for the DMRS
mapping.

[0045] Embodiment 2

[0046] As shown in Figure 5 of DMRS type 1 DMRS, up to 2 CDM groups are supported, if
the frequency domain orthogonal cover codes (FD-OCC) is supported as length 4. 4 from the
total 6 REs are used for the DMRS ports mapping of one CDM group in one PRB and the other 2
REs are used for the DMRS mapping combined with 2 REs from the consecutive PRB for one
CDM group mapping, or it can be called PRB bundling for the consecutive PRBs for all the
scheduled PRBs or the PRBs in one PRG.

[0047] Similarly for type 1 DMRS mapping, regardless of the time domain OCC, some
parameters should be determined for the frequency domain resource mapping.

[0048] For DMRS type 1, 2 CDM groups are used for DMRS mapping, and the DMRS ports
of the first CDM group are mapped on REs #0,2,4,6, and the related parameter for DMRS
mapping which is represented by £’ and the RE indexes are associated with the parameter k’,
such that £'=0,2,4,6

[0049] Considering for DMRS type 1, up to 2 DMRS CDM groups are supported, and the 2
CDM groups are mapped on different resources, a parameter of A is associated with different
CDM groups and determined by the start RE index of the mapping of each CDM group.
Regardless of OCC in the time domain, for DMRS type 2, the CDM group #0, 1 are associated
with 4 ports in CDM manner, as shown in Figure 5.

[0050] For DMRS type 1, the DMRS can be mapped on the frequency resource elements of:
k=a*n+b*k+A

[0051] The parameter k’, the associate resource elements in one CDM group, and the start
resource elements index for each CDM group respectively are discussed above.

[0052] The parameter a represents the difference of the REs between two times of DMRS
mapping for the same CDM group or it can be described as the total number of REs that used for

mapping the number of CDM groups or the total number of DMRS ports supported in one
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OFDM symbol and the parameter n represents different times of DMRS mapping for the same
CDM group.

[0053] Take type 1 DMRS for example, each CDM group is mapped on 4 different REs, and
for the up to 2 CDM groups, a total number of 8 REs are used for the CDM groups. So, for the
same CDM group mapping, a difference of 8 REs are supported, the value a equals to 8, and n
can be a integer value from 0. The formula can be modified tok =8*n+k'+A.

[0054] For the first time of DMRS CDM group mapping, i.e., n=0

[0055] For CDM group#0, k'=0,2,4,6,and A =0, CDM group 0 are mapped on REs
#0,2,4,6.

[0056] For CDM group#1, k'=0,2,4,6,and A=1, CDM group 1 are mapped on REs #1,3,5,7.
[0057] For the second time of DMRS CDM group mapping, i.e., n=1

[0058] For CDM group#0, k'=0,2,4,6, and A =0, CDM group 0 are mapped on REs
#8,10,12,14.

[0059] For CDM group#l1, k'=0,2,4,6,and A=1, CDM group 1 are mapped on REs
#9,11,13,15.

[0060] For the third time of DMRS CDM group mapping, i.e., n=2

[0061] For CDM group#0, k'=0,2,4,6, and A =0, CDM group 0 are mapped on REs
#16,18,20,22.

[0062] For CDM group#1, k'=0,2,4,6,and A=1, CDM group 1 are mapped on REs
#17,19,21,23.

[0063] As shown in Figure 5, REs #0-11 are allocated as the first PRB, and REs #12-23 are
allocated as the second PRB, which are the REs #0-11of the second PRB.

[0064] For DMRS type 1, two PRB can be bundled for the DMRS port mapping, and three
times mapping are supported for each CDM group in the two PRBs.

[0065] In the case of an even number of PRBs are scheduled for a PDSCH/PUSCH
transmission or in one PRG@G, a and n are associated with the total number of REs of these PRBs,
e.g., n=0,1,... floor (numberofRE s/a)—1.

[0066] In the case of odd number of PRBs are scheduled for a PDSCH/PUSCH transmission
or in one PRG, the last plurality REs of the last PRB may not be used for the DMRS mapping, so

for the determination of a and n, these REs should not be considered, i.e.,



n=0,1,... floor (numberofRE s/a)—1.The numberofREs should be all of the REs except for the

plurality REs of the last PRB.

[0067] In the case of odd number of PRBs are scheduled for a PDSCH/PUSCH transmission
or in one PRG, the last plurality REs of the last PRB may not be used for the DMRS
demodulation but can still be mapped from the transmission point. Thus, for the determination of

a and n, these REs should also be considered, i.e., n = 0,1,..., ceil (numberofRE s/a)—1. The

numberofREs should be all the REs except for the plurality REs of the last PRB.
[0068] In the case of odd number of PRBs are scheduled for a PDSCH/PUSCH transmission
or in one PRG, the last PRB may not be used for the DMRS mapping, so for the determination of

a and n ,these REs in the last PRB should not be considered, i.e., n =0.1,..., numberofRE s/a , in

this case, the numberofREs should be determined by the scheduled PRB number for a
PDSCH/PUSCH or a PRG except for the one PRB, e.g., the last PRB.

N(ﬁ]uu)

[0069] so the intermediate quantity @, ;

of DMRS can be determined by

a? =w, (K w, () r(4*n+k")

3 { 8*n+k'+A,configrationtypel k'=0,2,4,6;

12*¥n+k'+A, configrationtype Il k'=0,1,6,7;

I=1+1I'
n=0,1...
i=0,1,...v—1
[0070] The parameters in the formula indicate the frequency domain and time domain
resource. One DMRS RS port is mapped onto 2 REs of one PRB on one OFDM symbol as
shown in Figure 4. It can be found one DMRS port is mapped on two REs onto one PRB with a

frequency domain OCC. The parameters w, (k') and w(l') are the OCC in the frequency domain

and time domain. r(2n+k') is the sequence of the DMRS port.

[0071] In the case of the DMRS is mapped within one PRB, and for DMRS type 1, if FD-
OCC=6 is supported, the parameter k for DMRS configuration type 1 should be modified as:
k=12*n+k'+A k'=0,2,4,6,8,10

[0072] Embodiment 3

[0073] Considering the parameter &’ also is associated with the sequence generation of

r(2n+ k") "and if a unified design is supported of £’ is supported for type 1 and type 2 DMRS,



e.g., k' = 0,1,2,3, so for DMRS type 1, the formula of k should be modified as k =8 *n+2%k+A
and for DMRS type 2, from the mapping pattern as shown in figure 4, k should be 0,1,6,7 in this
PRB, and if k" = 0,1,2,3, parameter k should be calculated from k’.

—197% '
[0074] So the formula for type 2 DMRS should be k=12%n+k +0)+A

k'=0,1, ¢c=0, in the case of k'=2,3, c=4.

, in the case of

l

[0075] Therefore, the intermediate quantity @,

of DMRS can be determined by
a7 =w, (kYw,()r4*n+k')

8*n+2*k'+A, configration type 1

{12 *n+k'+c+A, configrationtype Il
k'=0,1,2,3

3 0 when k'=0,1

_{4 when k'=2,3
I=1+1'
n=0,1...
j=01..v-1

[0076] k’ and A are associated with the DMRS port index or CDM group index, as shown in
table 1 and 2
[0077] Table 1: Parameters for PDSCH DM-RS configuration type 1.

P CDM A wy (k)

group A kK'=0 k=1 k'=2 k'=3
0 0 0 +1 +1 +1 +1
1 0 0 +1 -1 +1 +1
2 0 0 +1 +1 -1 -1
3 0 0 +1 -1 -1 +1
4 1 1 +1 +1 +1 +1
5 1 1 +1 -1 +1 -1
6 1 1 +1 +1 -1 -1
7 1 1 +1 -1 -1 +1

[0078] Table 2: Parameters for PDSCH DM-RS configuration type 2.



p CDM A wi (k)

group A K'=0 K =1 k'=2 k'=3
0 0 0 +1 +1 +1 +1
1 0 0 +1 -1 +1 -1
2 0 0 +1 +1 -1 -1
3 0 0 +1 -1 -1 +1
4 1 2 +1 +1 +1 +1
5 1 2 +1 -1 +1 -1
6 1 2 +1 +1 -1 -1
7 1 2 +1 -1 -1 +1
8 2 4 +1 +1 +1 +1
9 2 4 +1 -1 +1 -1
10 2 4 +1 +1 -1 -1
11 2 4 +1 -1 -1 +1

[0079] Embodiment 4

[0080] The indication includes the association of phase tracking reference signal (PTRS)-
DMRS for more than one physical uplink shared channel (PUSCH) transmission groups.

[0081] Each group is indicated with at least one DMRS port.

[0082] The UE is configured with one or more sounding reference signal (SRS) resource
sets, which are configured in srs-ResourceSetToAddModList or srs-
ResourceSetToAddModListDCI-0-2 with higher layer parameter usage in SRS-ResourceSet set
to 'codebook’ or ‘non-codebook’. Each group is associated with one SRS resource set. Each of
PUSCH transmission group is associated with one SRS resource set and these PUSCH
transmission group are associated with different beam states or spatial relations.

[0083] Each of these PUSCH transmissions groups at configured or indicated with different
transmission layers (DMRS ports) and these PUSCH transmission group can be fully or partially
overlapped in time domain and/or frequency domain.

[0084] For two groups of PUSCH transmission, in the case of two PTRS port is enabled, and
the association of PTRS port and DMRS port should be indicated in the case of at least one
PTRS port is shared by more than one DMRS port.

[0085] In the case of only one DMRS port is indicated or configured for each transmission
group, and if PTRS is enabled, and the PTRS port is associated with the one DMRS port, and no

indication is need.



[0086] If one DMRS port is indicated or configured for one PUSCH transmission group, and
more than one DMRS ports are indicated for the other PUSCH transmission group, such as layer
combinations {142, 2+1, 143, 3+1}, the association of PTRS port and DMRS port should be
indicated for the PUSCH transmission group with more than one DMRS ports. If two DMRS
ports are indicated for one PUSCH transmission group, 1bit can be used for the indication of
PTRS port and DMRS port of this group, and table 4-1 or table 4-2 or table 4-3 can be used for
the indication of PTRS port and DRMS port. If three DMRS ports in one transmission group
share one PTRS port 2 bits should be used to indicate the association of PTRS port and DMRS
port and table 3 should be used.

[0087] Table 3 indicates the PTRS port x associated with the xth SRS resource set, or table 5
when PTRS port 0 associated with different SRS resource set.

[0088] Table 3: PTRS-DMRS association for UL PTRS port x

Value DMRS port
0 1*" scheduled DMRS port
1 2" scheduled DMRS port
2 3 scheduled DMRS port
3 4™ scheduled DMRS port

[0089] For layer combinations {242}, each PTRS port is share by the two DMRS ports and
one bit should be used to indicated with DMRS port is associated with the PTRS port. For
example, 1st bit in PTRS-DMRS association indicates the DMRS port associated PTRS port 0
and 2nd bit in PTRS-DMRS association indicates the DMRS port associated with PTRS port 1
for each PUSCH transmission group.

[0090] Table 4 indicates PTRS port is configured across these PUSCH transmission groups,
and a total number of 2 PTRS ports are configured as PTRS port 0 and 1.

[0091] Table 4: PTRS-DMRS association for UL PTRS ports 0 and 1
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Value of
Value of LSB DMRS port
MSB DMRS port p

1** DMRS port which

0 1** DMRS port which 0
shares PTRS port 0 shares PTRS port 1
nd :
| 2" DMRS port which | 2" DMRS port which
shares PTRS port 0 shares PTRS port 1

[0092] In the case of the two PTRS port 0 is configured or indicated and each PTRS port is
associated with one SRS resource set. The indicated of PTRS port and DMRS port association
can be shown in Table 5.

[0093] Table 5: PTRS-DMRS association for UL PTRS port O or for the actual UL PT-RS

port
V;lll;(;;)f DMRS port V:i{lsligOf DMRS port
1** scheduled DMRS port 1st scheduled DMRS port
corresponding to SRS corresponding to Second SRS
0 resource indicator field and/or 0 resource indicator field and/or
Precoding information and Second Precoding information
number of layers field field
2" scheduled DMRS port 2nd scheduled DMRS port
corresponding to SRS corresponding to Second SRS
1 resource indicator field and/or 1 resource indicator field and/or
Precoding information and Second Precoding information
number of layers field field

[0094] For the case of more than 2 PTRS port are configured for all the PUSCH transmission
groups or up to 2 PTRS ports is supported for at least one PUSCH transmission group, the
association of PTRS port and DMRS port of only the group with 1 PTRS port should be
indicated, and 2bits can be used as shown in table 3 or 1 bit is used as shown in table 4 or 5 for
this group.

[0095] In the case of 3 DMRS ports are configured or indicated for one PUSCH group, if
two PTRS ports are supported in this group, that one PTRS port is shared by one DMRS port and
the other PTRS port is shared by the other two DMRS ports, and the association of this PTRS
port and the shared two DMRS port should be indicated, such as in table 5. in the case of 4 PTRS
ports are supported, and 4 DMRS ports are indicated, on indication is needed.

11



[0096] 1. A method of wireless communication, as disclosed in FIG. 6, including receiving,
by a communication device, a reference signal indication (602); and demodulating, by the
communication device, the reference signal based on a plurality of resources associated with the
reference signal indication (604). Additional details and examples are discussed with respect to
Embodiment 1.

[0097] 2. The method of solution 1, wherein the plurality of resources are associated with at
least one of: a generated sequence, a resource element or a subcarrier in a frequency domain, a
demodulation reference signal (DMRS) port, a number of orthogonal DMRS ports in one code
division multiplexing (CDM) group, a total number of orthogonal DMRS ports for all CDM
groups, a configured DMRS type, an orthogonal cover code (OCC) length, resource elements
offset in one CDM group, an OCC related information in the frequency domain, or an OCC
related information in the time domain.

[0098] 3. The method of solution 1, wherein the DMRS port are supported as DMRS type 1
and DMRS type 2.

[0099] 4. The method of solution 2, wherein the generated sequence is based on r(x * n +
k"); and wherein x and k” are associated with at least one of: the number of orthogonal DMRS
ports in one CDM group, the OCC length in the frequency domain, or the total number of DMRS
ports for all the CDM groups in one OFDM symbol.

[00100] 5. The method of solution 4, wherein the number of orthogonal DMRS ports in one
CDM group or the OCC length in the frequency domain is 4 or 6.

[00101] 6. The method of solution 5, wherein the generated sequence is further generated
according to (4 *n + k").

[00102] 7. The method of solution 1, wherein the resource element or the subcarrier in the

frequency domain is determined based on an equation: k=a*n+b *k +c+A wherein k is an index
of the resource elements or the subcarriers, a and b are associated with the number of CDM
groups or the number of DMRS ports or the configured DMRS type, k' and A are associated with
a DMRS port index or a CDM group index, # is a serial integer from O.

[00103] 8. The method of solution 7, wherein a further associates with one of: the difference
of the resource elements between two times of DMRS mapping for the same CDM group, the

total number of resource elements used for mapping the number of CDM groups, or the total
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number of DMRS ports supported in one OFDM (Orthogonal Frequency Division Multiplexing)
symbol.

[00104] 9. The method of solution 7, wherein the parameters are further determined from at
least one of: for DMRS type 1, frequency domain orthogonal cover codes (FD-OCC) length is 4,
a=8, b=2, c=0, then A =0 for the first CDM group and A=I for the second CDM group, or for
DMRS type 2, FD-OCC length is 4, a=12, b=1, ¢=0 or 4, then A =0 for the first CDM group,
A=2for the second CDM group, and A=4for the third CDM group.

[00105] 10. The method of solution 7, wherein # is represented as

n=0,l..., floor (numberofRE s/a)—1; or n=0,1,..., ceil (numberofRE s/a —1); wherein the
numberofREs is at least one of: a total number of resource elements or subcarriers for an uplink
or downlink transmission scheduling, a total number of resource elements in a precoding
resource block group (PRG), a total number of resource elements or subcarriers for an uplink or
downlink transmission scheduling, or a total number of resource elements in a precoding
resource block group (PRG) except for the last plurality resource elements.

[00106] 11. The method of solution 7, Wherein k’ is presented as k' = 0,1,2,3 when FD-OCC
length is 4.

[00107] 12. The method of solution 7, Wherein DMRS type 1 is based on k' = 0,1 and ¢ = 0,
DMRS type 2 is based on k' = 2,3 and ¢ = 4.

[00108] 13. The method of claim 4, wherein the resource element or the subcarrier in the

frequency domain is mapped to the intermediate quantity a,(fl’” don at least one of the equations:
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a7 =w, (kYw,()r4*n+k')
3 8*n+2*k'+A, configration type 1
C12%n+k'+e +A, configration type 11

k'=0,1,2,3
3 0 when k'=0,1

“{4 when k'=23

I=1+1'

n=0,1...

j=01..v-1 or

al? =w, (k)w, (INr(4*n+k')
8*n+k'+A, configrationtype I k'=0,2,4,6;
- {12 *n+k'+A, configrationtype Il k'=0,1,6,7;
I=1+1
n=0,1...
i=01,....v—1
wherein k is an index of resource elements or subcarrier, b is associated with the number of

CDM groups or the configured DMRS type, k' represents DMRS mapping parameter, n

represents different times of DMRS mapping for the same CDM group, A is associated to an
index of a CDM group or a DMRS port, Wy (k') and Mjc(l')are OCC parameters in frequency

domain and time domain, and (4 * n + k") is the resource sequence of the DMRS port.
[00109] 14. The method of solution 1, wherein the reference signal indication further
comprising an association of a phase tracking reference signal (PTRS)-DMRS for one or more
physical uplink shared channel (PUSCH) transmission groups.

[00110] 15. The method of solution 12, wherein each of the PUSCH transmission group is
indicated with at least a DMRS port and is associated with a sounding reference signal (SRS)
resource set; wherein the one or more PUSCH transmission groups are fully or partially
overlapped with time domain or frequency domain or both; and wherein the one or more PUSCH
transmission groups are associated with different beam states or spatial relations respectively.
[00111] 16. The method of solutions 2 and 12, wherein one or more DMRS port shares per
PTRS port per PUSCH transmission group; and wherein the PTRS port and the DMRS port

associations are indicated.
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[00112] 17. The method of solution 14, wherein the number of PTRS ports is the same as the
number of DMRS ports in the one or more PUSCH transmission groups; and wherein the PTRS
port and the DMRS port associations are not indicated.

[00113] 18. The method of solutions 2 and 12, wherein the association of PTRS-DMRS for
one or more PUSCH transmission groups is indicated by a number of bits used; and wherein
when 2 DMRS ports share one PTRS port in one PUSCH transmission group.

[00114] 19. The method of solution 16, wherein 2 bits are used to indicate the association of
PTRS-DMRS when more than 2 DMRS ports share one PTRS port in one PUSCH transmission
group.

[00115] 20. A method of wireless communication, as disclosed in FIG. 7, including
transmitting, by a network device to a communication device a reference signal indication (702);
wherein the reference signal indication indicates a plurality of resources that enable the
communication device to demodulate the reference signal. Additional details and examples are
discussed with respect to Embodiment 1.

[00116] 21. The method of solution 20, wherein the plurality of resources are associated with
at least one of: a generated sequence, a resource element or the subcarrier in a frequency domain,
a demodulation reference signal (DMRS) port, a number of orthogonal DMRS ports in one code
division multiplexing (CDM) group, a total number of orthogonal DMRS ports for all CDM
groups, a configured DMRS type, an orthogonal cover code (OCC) length, resource elements
offset in one CDM group, an OCC related information in the frequency domain, or an OCC
related information in the time domain.

[00117] 22. The method of solution 20, wherein the DMRS port are supported as DMRS type
1 and DMRS type 2.

[00118] 23. The method of solution 21, wherein the generated sequence is based on r(x * n +
k"); and wherein x and k” are associated with at least one of: the number of orthogonal DMRS
ports in one CDM group, the OCC length in the frequency domain, or the total number of DMRS
ports for all the CDM groups in one OFDM symbol.

[00119] 24. The method of solution 23, wherein the number of orthogonal DMRS ports in one
CDM group or the OCC length in the frequency domain is 4 or 6.

[00120] 25. The method of solution 24, wherein the generated sequence is further generated
according to (4 *n + k").
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[00121] 26. The method of solution 20, wherein the resource element or the subcarrier in the

frequency domain is determined based on an equation: k=a*n+b*k +c+A; wherein k is an index
of the resource elements or the subcarriers, a and b are associated with the number of CDM
groups or the number of DMRS ports or the configured DMRS type, k' and A are associated with
a DMRS port index or a CDM group index, 7 is a serial integer from 0.

[00122] 27. The method of solution 26, wherein a further associates with one of: the
difference of the resource elements between two times of DMRS mapping for the same CDM
group, the total number of resource elements used for mapping the number of CDM groups, or
the total number of DMRS ports supported in one OFDM (Orthogonal Frequency Division
Multiplexing) symbol.

[00123] 28. The method of solution 26, wherein the parameters are further determined from at
least one of: for DMRS type 1, frequency domain orthogonal cover codes (FD-OCC) length is 4,
a=8, b=2, ¢=0, then A =0 for the first CDM group and A=I for the second CDM group, or for
DMRS type 2, FD-OCC length is 4, a=12, b=1, ¢c=0 or 4, then A =0 for the first CDM group,
A=2for the second CDM group, and A=4for the third CDM group.

[00124] 29. The method of solution 26, wherein 7 is represented as

n=0,1,..., floor (numberofRE s/a)—1; or n=0,1,..., ceil (numberofRE s/a —1); wherein the
numberofREs is at least one of: a total number of resource elements or subcarriers for an uplink
or downlink transmission scheduling, a total number of resource elements in a precoding
resource block group (PRG), a total number of resource elements or subcarriers for an uplink or
downlink transmission scheduling, or a total number of resource elements in a precoding
resource block group (PRG) except for the last plurality resource elements.

[00125] 30. The method of solution 26, Wherein k” is presented as k' = 0,1,2,3 when FD-
OCC length is 4.

[00126] 31. The method of solution 26, Wherein DMRS type 1 is based on k' = 0,1 and ¢ =
0, DMRS type 2 is based on k' = 2,3 and ¢ = 4.

[00127] 32. The method of solution 23, wherein the resource element or the subcarrier in the

frequency domain is mapped to the intermediate quantity a,(fl’” don at least one of the equations:
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a7 =w, (kYw,()r4*n+k')
3 8*n+2*k'+A, configration type 1
C12%n+k'+e +A, configration type 11

k'=0,1,2,3
0 when k'=0,1

62{4 when k'=23

I=1+1

n=0,1...

j=01..v-1 or

al? =w, (k)w, (INr(4*n+k')
8*n+k'+A, configrationtype I k'=0,2,4,6;
- {12 *n+k'+A, configrationtype Il k'=0,1,6,7;
I=1+1
n=0,1...
i=01,....v—1
wherein k is an index of resource elements or subcarrier, b is associated with the number of

CDM groups or the configured DMRS type, k' represents DMRS mapping parameter, n

represents different times of DMRS mapping for the same CDM group, A is associated to an
index of a CDM group or a DMRS port, Wy (k') and Mjc(l')are OCC parameters in frequency

domain and time domain, and (4 * n + k") is the resource sequence of the DMRS port.

[00128] 33. The method of solution 20, wherein the reference signal indication further
comprising an association of phase tracking reference signal (PTRS)-DMRS for one or more
physical uplink shared channel (PUSCH) transmission groups.

[00129] 34. The method of solution 31, wherein each of the PUSCH transmission group is
indicated with at least a DMRS port and is associated with a sounding reference signal (SRS)
resource set; wherein the one or more PUSCH transmission groups are fully or partially
overlapped with time domain or frequency domain or both; and wherein the one or more PUSCH
transmission groups are associated with different beam states or spatial relations respectively.
[00130] 35. The method of claims 21 and 31, one or more DMRS port shares per PTRS port
per PUSCH transmission group; and wherein the PTRS port and the DMRS port associations are

indicated.
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[00131] 36. The method of solution 33, wherein the number of PTRS ports is the same as the
number of DMRS ports in the one or more PUSCH transmission groups; and wherein the PTRS
port and the DMRS port associations are not indicated.

[00132] 37. The method of solutions 21 and 31, wherein the association of PTRS-DMRS for
one or more PUSCH transmission groups is indicated by a number of bits used; wherein when 2
DMRS ports share one PTRS port in one PUSCH transmission group.

[00133] 38. The method of solution 35, wherein 2 bits are used to indicate the association of
PTRS-DMRS when more than 2 DMRS ports share one PTRS port in one PUSCH transmission
group.

[00134] 39. A communication apparatus comprising a processor configured to implement a
method recited in any one or more of solutions 1 to 38.

[00135] 40. A computer readable medium having code stored thereon, the code, when
executed, causing a processor to implement a method recited in any one or more of solutions 1 to
38.

[00136] FIG. 8 shows an example of a wireless communication system (e.g., a long term
evolution (LTE), 5G or NR cellular network) that includes a BS 120 and one or more user
equipment (UE) 111, 112 and 113. In some embodiments, the uplink transmissions (131, 132,
133) can include uplink control information (UCI), higher layer signaling (e.g., UE assistance
information or UE capability), or uplink information. In some embodiments, the downlink
transmissions (141, 142, 143) can include DCI or high layer signaling or downlink information.
The UE may be, for example, a smartphone, a tablet, a mobile computer, a machine to machine
(M2M) device, a terminal, a mobile device, an Internet of Things (IoT) device, and so on.
[00137] FIG. 9 is a block diagram representation of a portion of an apparatus, in accordance
with some embodiments of the presently disclosed technology. An apparatus 905 such as a
network device or a base station or a wireless device (or UE), can include processor electronics
910 such as a microprocessor that implements one or more of the techniques presented in this
document. The apparatus 905 can include transceiver electronics 915 to send and/or receive
wireless signals over one or more communication interfaces such as antenna(s) 920. The
apparatus 905 can include other communication interfaces for transmitting and receiving data.
Apparatus 905 can include one or more memories (not explicitly shown) configured to store

information such as data and/or instructions. In some implementations, the processor electronics
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910 can include at least a portion of the transceiver electronics 915. In some embodiments, at
least some of the disclosed techniques, modules or functions are implemented using the
apparatus 905.

[00138] Some of the embodiments described herein are described in the general context of
methods or processes, which may be implemented in one embodiment by a computer program
product, embodied in a computer-readable medium, including computer-executable instructions,
such as program code, executed by computers in networked environments. A computer-readable
medium may include removable and non-removable storage devices including, but not limited to,
Read Only Memory (ROM), Random Access Memory (RAM), compact discs (CDs), digital
versatile discs (DVD), etc. Therefore, the computer-readable media can include a non-transitory
storage media. Generally, program modules may include routines, programs, objects,
components, data structures, etc. that perform particular tasks or implement particular abstract
data types. Computer- or processor-executable instructions, associated data structures, and
program modules represent examples of program code for executing steps of the methods
disclosed herein. The particular sequence of such executable instructions or associated data
structures represents examples of corresponding acts for implementing the functions described in
such steps or processes.

[00139] Some of the disclosed embodiments can be implemented as devices or modules using
hardware circuits, software, or combinations thereof. For example, a hardware circuit
implementation can include discrete analog and/or digital components that are, for example,
integrated as part of a printed circuit board. Alternatively, or additionally, the disclosed
components or modules can be implemented as an Application Specific Integrated Circuit
(ASIC) and/or as a Field Programmable Gate Array (FPGA) device. Some implementations may
additionally or alternatively include a digital signal processor (DSP) that is a specialized
microprocessor with an architecture optimized for the operational needs of digital signal
processing associated with the disclosed functionalities of this application. Similarly, the various
components or sub-components within each module may be implemented in software, hardware
or firmware. The connectivity between the modules and/or components within the modules may
be provided using any one of the connectivity methods and media that is known in the art,
including, but not limited to, communications over the Internet, wired, or wireless networks

using the appropriate protocols.
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[00140] While this document contains many specifics, these should not be construed as
limitations on the scope of an invention that is claimed or of what may be claimed, but rather as
descriptions of features specific to particular embodiments. Certain features that are described in
this document in the context of separate embodiments can also be implemented in combination
in a single embodiment. Conversely, various features that are described in the context of a single
embodiment can also be implemented in multiple embodiments separately or in any suitable sub-
combination. Moreover, although features may be described above as acting in certain
combinations and even initially claimed as such, one or more features from a claimed
combination can in some cases be excised from the combination, and the claimed combination
may be directed to a sub-combination or a variation of a sub-combination. Similarly, while
operations are depicted in the drawings in a particular order, this should not be understood as
requiring that such operations be performed in the particular order shown or in sequential order,
or that all illustrated operations be performed, to achieve desirable results.

[00141] Only a few implementations and examples are described, and other implementations,
enhancements, and variations can be made based on what is described and illustrated in this

document.
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CLAIMS
What is claimed is:
1. A method of wireless communication, comprising:
receiving, by a communication device, a reference signal indication; and
demodulating, by the communication device, the reference signal based on a plurality of

resources associated with the reference signal indication.

2. The method of claim 1, wherein the plurality of resources are associated with at least one
of: a generated sequence, a resource element or a subcarrier in a frequency domain, a
demodulation reference signal (DMRS) port, a number of orthogonal DMRS ports in one code
division multiplexing (CDM) group, a total number of orthogonal DMRS ports for all CDM
groups, a configured DMRS type, an orthogonal cover code (OCC) length, resource elements
offset in one CDM group, an OCC related information in the frequency domain, or an OCC

related information in the time domain.

3. The method of claim 1, wherein the DMRS port are supported as DMRS type 1 and
DMRS type 2.

4. The method of claim 2, wherein the generated sequence is based on r(x * n + k'); and

wherein x and &k’ are associated with at least one of: the number of orthogonal DMRS
ports in one CDM group, the OCC length in the frequency domain, the total number of DMRS
ports for all the CDM groups in one OFDM symbol, or a DMRS port index.

5. The method of claim 4, wherein the number of orthogonal DMRS ports in one CDM
group or the OCC length in the frequency domain is 4 or 6.

6. The method of claim 5, wherein the generated sequence is further generated according to
r(4*n+k").
7. The method of claim 1, wherein the resource element or the subcarrier in the frequency

domain is determined based on an equation:
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k=a*n+b*k +c+A
wherein k is an index of the resource elements or the subcarriers, a and b are associated
with the number of CDM groups or the number of DMRS ports or the configured DMRS type, k'

and A are associated with a DMRS port index or a CDM group index, 7 is a serial integer from 0.

8. The method of claim 7, wherein a further associates with one of: the difference of the
resource elements between two times of DMRS mapping for the same CDM group, the total
number of resource elements used for mapping the number of CDM groups, or the total number

of DMRS ports supported in one OFDM (Orthogonal Frequency Division Multiplexing) symbol.

9. The method of claim 7, wherein the parameters are further determined from at least one
of: for DMRS type 1, frequency domain orthogonal cover codes (FD-OCC) length is 4, a=8, b=2,
¢=0, then A =0 for the first CDM group and A=1 for the second CDM group, or for DMRS type
2, FD-OCC length is 4, a=12, b=1, ¢=0 or 4, then A =0 for the first CDM group, A=2for the
second CDM group, and A=4for the third CDM group.

10. The method of claim 7, wherein n is represented as n = 0,1,..., floor (numberofRE s/a)—1;
or n=0,1,..., ceil (numberofRE s/a —1); and

wherein the numberofREs is at least one of: a total number of resource elements or
subcarriers for an uplink or downlink transmission scheduling, a total number of resource
elements in a precoding resource block group (PRG), a total number of resource elements or
subcarriers for an uplink or downlink transmission scheduling, or a total number of resource
elements in a precoding resource block group (PRG) except for the last plurality resource

elements.

11. The method of claim 7, Wherein &’ is presented as k' = 0,1,2,3 when FD-OCC length is
4.

12. The method of claim 7, Wherein for DMRS type 2, ¢ = 0 is associated with k' = 0,1 and

¢ = 4 is associated with k' = 2,3 .
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13. The method of claim 4, wherein the resource element or the subcarrier in the frequency

domain is mapped to the intermediate quantity a,((pl'” Jon at least one of the equations:

a7 =w, (kYw,()r(4*n+k')
8*n+2*k'+A,configration type |
- {12 *n+k'+c+A, configration type II
k'=0,1,2,3
0 when k'=0,1
€= {4 when k'=2,3
I=1+1I
n=0,1...

j=01..,v—1 or

al" =w, (kw, (Ir(4*n+k')
8*n+k'+A, configrationtype I k'=0,2,4,6;
- {12 *n+k'+A, configrationtype Il  k'=0,1,6,7;
I=1+1
n=0,1...
i=01,....v—1
wherein k is an index of resource elements or subcarrier, b is associated with the number

of CDM groups or the configured DMRS type, k' represents DMRS mapping parameter, n

represents different times of DMRS mapping for the same CDM group, A is associated to an
index of a CDM group or a DMRS port, Wy (k') and Mjc(l')are OCC parameters in frequency

domain and time domain, and (4 * n + k") is the resource sequence of the DMRS port.
14. The method of claim 1, wherein the reference signal indication further comprising an
association of a phase tracking reference signal (PTRS)-DMRS for one or more physical uplink

shared channel (PUSCH) transmission groups.

15. The method of claim 12, wherein each of the PUSCH transmission group is indicated

with at least a DMRS port and is associated with a sounding reference signal (SRS) resource set;
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wherein the one or more PUSCH transmission groups are fully or partially overlapped
with time domain or frequency domain or both; and
wherein the one or more PUSCH transmission groups are associated with different beam

states or spatial relations respectively.

16. The method of claims 2 and 12, wherein one or more DMRS port shares per PTRS port
per PUSCH transmission group; and

wherein the PTRS port and the DMRS port associations are indicated.

17. The method of claim 14, wherein the number of PTRS ports is the same as the number of
DMRS ports in the one or more PUSCH transmission groups; and

wherein the PTRS port and the DMRS port associations are not indicated.

18. The method of claims 2 and 12, wherein the association of PTRS-DMRS for one or more
PUSCH transmission groups is indicated by a number of bits used; and

wherein when 2 DMRS ports share one PTRS port in one PUSCH transmission group.

19. The method of claim 16, wherein 2 bits are used to indicate the association of PTRS-

DMRS when more than 2 DMRS ports share one PTRS port in one PUSCH transmission group.

20. A method of wireless communication, comprising:
transmitting, by a network device to a communication device a reference signal
indication;
wherein the reference signal indication indicates a plurality of resources that

enable the communication device to demodulate the reference signal.

21. The method of claim 20, wherein the plurality of resources are associated with at least
one of: a generated sequence, a resource element or the subcarrier in a frequency domain, a
demodulation reference signal (DMRS) port, a number of orthogonal DMRS ports in one code
division multiplexing (CDM) group, a total number of orthogonal DMRS ports for all CDM

groups, a configured DMRS type, an orthogonal cover code (OCC) length, resource elements
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offset in one CDM group, an OCC related information in the frequency domain, or an OCC

related information in the time domain.

22. The method of claim 20, wherein the DMRS port are supported as DMRS type 1 and
DMRS type 2.

23.  The method of claim 21, wherein the generated sequence is based on r(x * n + k'); and

wherein x and &k’ are associated with at least one of: the number of orthogonal DMRS
ports in one CDM group, the OCC length in the frequency domain, the total number of DMRS
ports for all the CDM groups in one OFDM symbol, or a DMRS port index.

24. The method of claim 23, wherein the number of orthogonal DMRS ports in one CDM
group or the OCC length in the frequency domain is 4 or 6.

25. The method of claim 24, wherein the generated sequence is further generated according

tor(4*n+k').

26.  The method of claim 20, wherein the resource element or the subcarrier in the frequency
domain is determined based on an equation:
k=a*n+b*k +c+A

wherein k is an index of the resource elements or the subcarriers, a and b are associated
with the number of CDM groups or the number of DMRS ports or the configured DMRS type, k'

and A are associated with a DMRS port index or a CDM group index, 7 is a serial integer from 0.

27. The method of claim 26, wherein a further associates with one of: the difference of the
resource elements between two times of DMRS mapping for the same CDM group, the total
number of resource elements used for mapping the number of CDM groups, or the total number

of DMRS ports supported in one OFDM (Orthogonal Frequency Division Multiplexing) symbol.

28. The method of claim 26, wherein the parameters are further determined from at least one

of: for DMRS type 1, frequency domain orthogonal cover codes (FD-OCC) length is 4, a=8, b=2,
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¢=0, then A =0 for the first CDM group and A=1 for the second CDM group, or for DMRS type
2, FD-OCC length is 4, a=12, b=1, ¢=0 or 4, then A =0 for the first CDM group, A=2for the
second CDM group, and A=4for the third CDM group.

29. The method of claim 26, wherein 7 is represented asn = 0.1,..., floor (numberofRE s/a)—1;
or n=0,1,..., ceil (numberofRE s/a—1); and

wherein the numberofREs is at least one of: a total number of resource elements or
subcarriers for an uplink or downlink transmission scheduling, a total number of resource
elements in a precoding resource block group (PRG), a total number of resource elements or
subcarriers for an uplink or downlink transmission scheduling, or a total number of resource
elements in a precoding resource block group (PRG) except for the last plurality resource

elements.

30. The method of claim 26, Wherein k’ is presented as k' = 0,1,2,3 when FD-OCC length is
4.

31. The method of claim 7, Wherein for DMRS type 2, ¢ = 0 is associated with k' = 0,1 and

¢ = 4 is associated with k' = 2,3 .

32. The method of claim 23, wherein the resource element or the subcarrier in the frequency

domain is mapped to the intermediate quantity a,((pl'” Jon at least one of the equations:

a7 =w, (kYw,()r(4*n+k')
8*n+2*k'+A,configration type 1
- {12 *n+k'+c+A, configration type Il
k'=0,1,2,3
0 when k'=0,1
€= {4 when k'=2,3
I=1+1I
n=0,1...

j=01..,v—1 or
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ali? =w, (kw, (I r(4*n+k')
8*n+k'+A, configrationtype I k'=0,2,4,6;
- {12 *n+k'+A, configrationtypell k'=0,1,6,7;
[=1+1
n=0,1..
j=01,...,v—1
wherein k is an index of resource elements or subcarrier, b is associated with the number

of CDM groups or the configured DMRS type, k' represents DMRS mapping parameter, n

represents different times of DMRS mapping for the same CDM group, A is associated to an
index of a CDM group or a DMRS port, Wy (k') and Wf(l')are OCC parameters in frequency

domain and time domain, and (4 * n + k") is the resource sequence of the DMRS port.

33.  The method of claim 20, wherein the reference signal indication further comprising an
association of a phase tracking reference signal (PTRS)-DMRS for one or more physical uplink

shared channel (PUSCH) transmission groups.

34. The method of claim 31, wherein each of the PUSCH transmission group is indicated
with at least a DMRS port and is associated with a sounding reference signal (SRS) resource set;
wherein the one or more PUSCH transmission groups are fully or partially overlapped
with time domain or frequency domain or both; and
wherein the one or more PUSCH transmission groups are associated with different beam

states or spatial relations respectively.

35. The method of claims 21 and 31, wherein one or more DMRS port shares per PTRS port
per PUSCH transmission group; and

wherein the PTRS port and the DMRS port associations are indicated.
36. The method of claim 33, wherein the number of PTRS ports is the same as the number of

DMRS ports in the one or more PUSCH transmission groups; and

wherein the PTRS port and the DMRS port associations are not indicated.
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37. The method of claims 21 and 31, wherein the association of PTRS-DMRS for one or
more PUSCH transmission groups is indicated by a number of bits used;

wherein when 2 DMRS ports share one PTRS port in one PUSCH transmission group.

38. The method of claim 35, wherein 2 bits are used to indicate the association of PTRS-

DMRS when more than 2 DMRS ports share one PTRS port in one PUSCH transmission group.

39. A communication apparatus comprising a processor configured to implement a method

recited in any one or more of claims 1 to 38.

40. A computer readable medium having code stored thereon, the code, when executed,

causing a processor to implement a method recited in any one or more of claims 1 to 38.
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