[0001] A METHOD FOR USE A RADIO NETWORK CONTROLLER (RNC)
AND RADIO NETWORK CONTROLLER

0002 FIELD OF INVENTION

[0608] The present invention relates o the field of wireless

commicaiions. More specifically; the present invendion yelaies to efficient

recovery of data bransmission between 8 pair of Layer & snoiomatic repeat reguest

{ARQ) peer entities hllowing MAC layer yeset of an intermedisis node from |

where date iransmissions are distributed. One such example of this handover

- . seemsrio is 8 system employing hybrid ARG (B-ARQ) and adapiive modulaiion

and coding (AM&C) technigues.

[0004] BACEGROUND

~[0005] A third gensration (3G) Universal Terrecirial Radio Access Nebwark

(UTRAN) eomprises several radio network eontroliers (BNCS), each of which is
associabed with one or more Node Bs, and each Node B is asscciated with one or

more cells, '

§0008] The 3G FDD and TDD systems typically use fhe RNC to distribute,

(i.c., bufier and schedule), data transmissions to the UR. However, for the high
speed channels of 3G cellular systeros, data is distribuied by the Node B. One of
" these high speed channels, for example, is the High Speed Downdink Shaved
Channel (HE-DECH). Sinee date is distribuied by the Node B, it is nacessary to

‘buffer date for transmission in Node B. When the distributing eniity (Node B) to
whish the UR is attached chanpges, there io 2 potentie] loss of date buffered in the
distributing entity. The BNC does not heve an up-to-dabe stetus of the

transmissions of Packet Diate Units (PDUs) since date i distzibuied by the
infermediste point (Node B). If ic necessary for the UR to detect the dete loss
ant request reransmission, such ke Wikt o Stebus POU, of tost FI3Us from the
BNC. ¥ the generation of the Status PDU 15 dellayed, as o conseguence, the
istency of dabts retrzmemission may be lsmge snd msy not satisfy QoS
roguivementis,



0007} This problem is aggravated in the HS-DSCH case since there are
several Node Be associated with each RNC and there is a much higher likelihood
that a mobile UE will require a Node B change than a chonge of BNC as aresull
of UE cell handovers. o o
{06008} The HS-DSCH wtilizes AMC {0 enable high-speed fransmission of
data and utilizes H-ARQ to increase the possibility of successful delivery of data.
A serving HS-DSCH cell change is when the UE has fo change the cell
associated with the UTRAN access point that is performing transmission and
" reception of the serving HS-DSCH radio link. The éerving HS-DSCH cell change
is invoked when improved physical channel conditions andior improved physical
capacity is reglized in an alternaie csll
[0008] There axe fwo types of serving HS5-DSCH cell changes. An Intra-
Node B serving HSDSCH cell change is when the UE changes between two cells
that ave associated with the same Node B. ‘An Inter-Node B sexving HS-DSCH |
cell change is when fhe UE changes between two cells that are associated with
different Node Bs. In anInier-Node B cell change, the Node B before the serving
HS-DSCH cell change is called the source Node B and the Node B after the
serving HE-DSCH cell change is called the target Node B.
-[0010]  There ave peer Radio Link Control (BLC) entities in both the RNC
-and the UE. The sending RLC entity signals a sequence rumber (SN) in the
PDU header, which is used by the receiving RLC entity to ensure that no PDUs
are missed in the transmission. If there are PDUs missed during the
transmission, realized by oub-ofsequence delivery of PDUs, the receiving RLC
entity sends a status report PDU to inform the sending RLGC entity that certain
PDUs are missing. The status report PDU describes the status of the successful
and/or unsuccessful data transmissions. Tt identifies the SNs of the PDUs that
are missed or received. If a PDU is missed, the sending RLC entity will
retransmit a duplicate of the missed PDU to the receiving BLC. ’
fO011] Tt is also possible for the sending RLC entity to poll for a status
report PDU from the receiving RLC entity. The polling function provides a
mechanisxn for the sending RLC entity to iequest the status of PDU
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. tramsmissions.  Although the H-ARQ operation removes some failed
transmissions and increases the probahility of successfil delivery of data, it is the
*BLC protocol Iayer that uliimately ensures successfitl delivery.
 [6012] Due to dynamic changes in propagation conditions, the HS-DSCH
cell change must be performed rapidly to maintain quality of service, During the
serving HS-DSCH cell changs, it is possible that the UE stops transmission and
reception in the source cell before all PDUs currently stored in the source Node B
-are successfully transmitted. Since the source Node B performs scheduling and
buffering of the date, and since the data rates arve very hsgh, (for example 10
 Mblseo or higher), when the UK performs a serving HS-DSCH cell change
. {especially for an Inter-Node B handover) there is a possibility that considerable
amounts of data buffered in the source Node B will be Iost. One reason for this
 date loss is that no mechanism exists within the UTRAN architecture for data
- buffered at the source Node B to be transferred to the target Node B. Upon a
serving HS-DSCH cell change, the RNC has noinformation on how much, ifany,
data is Jost since the RNC has no way to know what data is buffered in the souxce
Node B. : ' o
' [0013] There are currently two ways that prior art systems handle the
recovery of date buffered at the sowrce Node B. Following the HS-DSCH cell
_chenge: 1) the RNC can explicitly poll for a status PDU from the UE; or 2) the
RNC can stert transmitbing in the target cell and the out-of-sequence delivery
realized by the UE will generate the stasus PDUL
[0014] In the first case, where the RNC explicitly polls for a status PDU,
- the RNC must first wait until the physical channel is established in the new cell.
The status PDU request is then sent and is received and processed by the UR.
The UE goenerates the status PDU aﬁ&sen&s it back to the RNC, which processes
the status PDU and dei:ermines which PDUs are in need of retransmission.
Jo018] In the second case, where the RNC just staris transmitting PDUs
from where it stopped in the source gell, the UE recognizes the out-of-sequence
delivery of data and generates a status PDU back to the RNC. The RNC
p:v:oeésses the status PDU andleains which PDUs arve in need of refransmission.
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[0016] In either of these two cages, if data buffered in the source Node B
needs to be recovered, then a status PDU will be processed, bub proper reception
of data retransmitted by the UE will be considerably delayed. This is due to
delayed generation of the status PDU by the UR and reception of the status PDU
in the RNC. If transmission is being performed in the RLC ackna&lédged mode,
data is not passed vo higher layers until in-sequence delivery of data can be
performed. Accm:&ingly, the UE will be required to buffer the out-of-sequence
data until the missing PDUs can be retransmitfed. This not only results ina
delay of the transmission, but requires the UE to have a memory capable of data
 buffering for continuous data recaphion until the missed data can be successfully
retransmitted. (therwise the effective data tranamission rate is reduced, thereby
effecting quality of service. Since memory is very expensive, this is an
‘undesirable design consivaint., | |
[0017]  Another problem encountered with handover is the data that is
buffered within the UE. Within the MAC layer, there are typically a number of
H-ARQ processors that perform H-ABQ processing. As shown in Figure 1, H-
ARG processing is a scheme comprising multiple parallel H-ARQ processors on
the ‘Ixansmij;ﬁngiside (Piz- Pbp)} and corresponding multiple parallel H-ARQ
_processors on the receiving side (Piop-P5us). Bach processor pair, (For example
Pipand Plyw), repeatedly and sequentially attempt transmission of a data block
until the transnission is successful, to ensure that each block of date is received
without an error. For each data block, the time required o achieve suceessful H-
ARQ transmission varies. Since several data blocks ave processed in parallel, it is
~ possible that the seguence of fransmission is not mainbained. Thez:eﬁox*e,. pnce a
data block is received successfudly by the receiving H-ARQ processor, the data
' block is forwaxded to a reordering buffer to provide in-sequence delivery to the
RLC layer. The reordering buffers will reorder the data biocks based on their
transmission sequence numbezs before forwarding them to the RL.C layer.
- [oo18] During Inter-Node B or Intra-Node B handovers, the RRC messages
often carry a MAC layer reset indicator to the UE. Upon receiving a MAC layer
‘veget in&ixzatoz;, the UE performs a sequence of functions inchuding, bub not
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Ymited to, fiushing cut buffers for all configured H-ARQ procesess, (G.e. flushing
out the reordering buffers by disassembling all MAC-hs layer PDUs in the
reordering buffers inbo MAC-d layer PDUs and delivering all MAC-d layer FDUs
to the MAC-d layer and then 1o Hs associated RLC enfities). Upon Inter-Node B
handovers (znd some Intra Node B bandovers), it Is necessary to reset the MAC-
b loyer in the UE such that a1l H-ARQ processes and all the yeordering buffers
are reset for date reception from s new MAC-hs entity of the taxget Node B,
o019 After a serving HES-DSCH cell change, the corvect status of
successful ar unsuceeésiul received PIUs cannot be obtained until the procedure
of the MAC layer yeset is completed and the date blocks ave processed by the
BLC.

IGE)ZO} It would be desirable to have a system and method where data
buffered in the UB can be accounted for in order to properly maintain nser
guality of service regnirements.

[oog1) SUMMARY
{0022] The present invention is a method and system for the UE and RNC
to perform a series of actions in order to reducs transmission latency and
potentially provent Joss of PDUs upon a MAC layer reset. UE peneration of the
- ghatus PDU is coupled with the MAC layer reset. The RNC generates a signaling
message with & MAC reset indication. Following the MAC layer reset due fo
reception of a2 MAQ layer reset request, all PDUE stored in the UE MAC layer
- rpardering buffers ave flushed 1o BLC entitics and then processed by RLC entities
prior to the generation of « PDU status report. The PDU status report provides
the status of all successfully yeceived PDUs o the RNC. This provides fast
generation of 2 PDJ status report. Upon reception of 2 PDU status reportin the
| RNG, missing PDUs are realized and retransmitted to the TE.



[0022a]  In one aspect, there is provided a method for use a radio network controller (RNC),
the method comprising: transmitling a message to a user equipment (UE) providing information
for a HS-DSCH cell change; transmitting a radio resource control (RRC) message to the UE, the
RRC message having an identifier indicating that a medium access control high speed (MAC-hs)
is to be reset; and receiving one or more radio fink control (RLC) status report from the UE,
wherein the RLC status report indicates the status of RLC protocol data units (PDUs) received by
the UE; wherein the HS-DSCH cell change is triggered based on the sent RRC message; and
wherein the MAC-hs reset requires the UE to flush buffers for configured HARQ processes,
disassembie MAC-hs protocol data units (PDUs) in the reordering buffers, deliver MAC-d PDUs
to a MAC-d layer, flush reordering buffers and configure the MAC-hs 1o receive new data.
[0D22b]  In another aspect, there is provided a radio network controller (RNC), the RNC
comprising: a controller configured fo send a message to a user equipment (UE) providing
information for a HS-DSCH cell change; a fransmitter configured to transmit a radio resource
control (RRC) message to a UE, the RRC message having an identifier indicating that a medium
access control high speed (MAC-hs) is 1o be reset; and a receiver configured o receive one or
more radio link control (RLC) status report from the UE, wherein the RLC status report indicates
the status of RLC protocol data units (PDUs) received by the UE; wherein the HS-DSCH cell
change is triggered based on the sent RRC message; and wherein the MAC-hs reset requires
the UE to flush buffers for configured HARQ processes, disassemble MAC-hs protocol data
units {PDUs) in the reordering buffers, deliver MAC-d PDUs to a MAC-d layer, flush reordering
buffers and configure the MAC-hs to receive new data.

o028} BRIEF DESCRIPTION OF THE DRAWING(S)
- [o024] Fignre 1 is 2 block diagram of a prier art H-ARQ process.
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foo25} Figure 2 is a flow diagram of an efficient, procedure in accordance
with the precent invention for efficient recovery of UE buffered data following an.
HS-DSCH cell change.

oozl Figure 8 is 2 flow diagram of g first a_lte:cnai:ive method whereby the
BNC waits for a status PDU prior to initiating a transmission of new data in the
target coll.

[0027] Figure 4is a flow diagram of a second alternative method whereby
the BNC waits for a trigger prior to initiating a fransmission of new dats in the

target cell.

[0028] DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S)

[6029] The preferred embodiments of the present inveniion will be
deseribed with reference io the drawing figures wherein ke numerals represent
Hike elements throughout,

[0080] Referring tothe flow diagram of Figure 2, a first embodiment; of the
present invention which comprises a method 10 of determining the sbabus of the
PDU transmissions to the U with minimal delay following a MAC layer reset
condition is shown. The procedure commences with the RNC recognizing the
need to reset the UE MAC layer (step 12).

j0031] One possible cause for a UR MAC layer reset is in the event of a
serving HS-DSCH cell change. The RNC informs the Node B of the HS-DSCH celi
' change (step 14) in the case of an Inter-Node B serving HS-DSCH cell change,
and also in the case of an Intra-Node B serving HS-DSCH cell change where the
source Node B is the same as the target Node B, but where transmission gqueuss
cannot be rercuted from the source to target cell. In both of these cases, a MAC
reset is reguired. Along with the HS-DSCH cell change indicstion, the UR is
informed of the MAC layer reset requirement by the BNC, as indicated via a
‘Radio Resource Control (BRC) message (step 18). It should be noted that it is
also possible o invoke siep 16 in advance of siep 14 with mo adverse

consequences.
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[0032] Those of gkill in the art would realize that there ave many causes for
a MAC layer reset other than the HS-DSCH cell change, where the method 10 for
the RNC to determine PDU transmission status following MAC reset applies.
For example, 2 MAC layer reset may be warranted any fime the Node B H-ARQ
processes need to be reinitiakized. |
- [o0ss] Within the BRC message, there is an identifier for the MAC layer to
pt?rférm a reset. This identifier may be part of the serving HS-DSCH cell change
procedure, or may be part of any other procedure that resulis in resetting of the
. MAC layer in Node B and the UE in either an Intqr-che B cell change or an
- Intra-Node B cell change. Tt would be understood by those of skill in the art that
there ave many aspects to the MAC layer, including the MAC-hs layer and the
MACd layer. For simplicity in describing the present invention, reference will
~ be made hereinafter generally to the MAC layer. ,

- [0084] The HS-DSCH is a data transport channel. Foreach data transport
channel, there can be a plurality of RLC instances. The RLC instances ave
essentially Iogioal channels which may be mapped to the same transport channel;
for example, several ELC entities may be mapped to a single fransport channel ‘
HS-DSCH. An RLC instance is called Acknowledged Mode (AM) if ARQ is used
to ensure corvech transmission between i:he peer RLC instances. A pair of AM
RLC entities uses status PDUs for the receiver to indicate 1o the sender the
stabus of successful transmissions of PDUs. Following the occurrence of the HS-
DSCH cell change and a MAC layer reset, each of the AM RLC instances
associated with a particular HS-DSCH gensrate a status PDU.

10035] The BRC message along with the MAC layer reset indicator is
received and procéssed by the BRC in the UE (step 18). The UE BRC checks
whether a MAC layer reset indicator is set and, if so, the BRC informs the MAC
_layer of the MAC layer reset request {step 20}. Upoxi reception of the MAC layer
‘reset request, the MAC layer resets and in addition o other tasks, flushes all
PDUs stored in its reordering buffers o the RLC entities mapped to the HS-
_ DSCH (step 22). All flushed PDUs are then processed by the RLC instances
. mapped to HS-DSCH (step 24) before generation of a PDU status report (step 26).

.



{0038] BLC processing of PDUs stalled in reordering buffers hefore the.
generation of a PDU status report is necessary to provide accurate and complete
transmission status to the RNC. PDU status reports are generated early, (Le.
before all PDUs buffeved in MAC reordering queues axe processed by the RLC
instances}, some PDUs may be incorrectly indicated asnotbemg received, and as

. a result unpecessary PDU reiransmissions may be generated by the RNC.
{0087} There are several ways to ensure that all PDUs have been processed
by the BLC so that the AM RLC entities will be able to obtain the correct status
of all successfully received PDUs. Tivst, the MAC layer forwards FDUs in-

 sequence from each reordering quoue and then generates an "end-ofPDU"
indication for each reordering queue. : '
[0038] In a second alternative, the last PDU from each reordering queue
has a special indicator. These are reports of the status of the RLC PDUs zeceived
in the UE. : _ .
f0039] In a third alternative, the BLC confirms to the MAC layer when
PDUs have been processed, and following the processing of all PDUs, the MAC
layer generates a PDU status request to the RLC. Tt should be understood that.
there are numerous ways to coordinate processing between the MAC layer and
the BLC to ensure all PDUs are processed by the RLC before generation of the
PO status message.
[0040] After veceiving and pmcessmgthe PDUs, the AM RLC generates a
PDU status report (step 26) which indicates all successfully or unsuccessfully
recéived PDUs. The PDU status report is generated for each AM RLC instance
mapped io the HS-DSCH. A PDU status report may be generated sven though

- no PDUs were forwarded from the MAC layer for that AM BLC instance, The UE
then autonemously sends the PDU status report for each AM R‘{..G ms%ame
associated with the HIS-DSCH to the RNC.
fo041] In the RNC, assuming that the AM BLC axnd MAC entities are not
informed to stop transmitting PDUs due to the MAC layer reset, the RNC
continues fo transmit PDUs regardliess of the MAC layer reset. Upon reception
of the PDU status report for each AM -RLC instance associated with the HS-
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. DSCH, the R1C instances in the RNC process the status reports (step 28) to
determine lost PDUs and generate PDU retransmissions as necessary to ensure
. successfol delivery (step 30). To achieve quality of service reguirements, the
retransmissions may take precedence over current transmission processing.
[00421 It should be understood that the need for the MAC layer reset is
‘_ _common with the need to generate 2 PDU status report. Indication of either
requirement, or some common indication, can be signaled to the UE to inveke
both the MAC layer yesel and generation of the PDU status report. The UE will .
then pexform each fanction in the sequence described.
| [0043]  Thisfirstembodiment of the presentinvention as shown in Figure 2
. permits the RNC to keep transmitting to the UE while the data path ie switched
from one radio Link to ancther. However, in accordance with two alternative
 embodiments of the present invention, shown in Figwes 8 and 4 data
- transmissions are halted upon an HS-DSCH cell change or other events that
vesult in the need for MAC layer reset until the occurrence of & subsequent evemt.
It should be noted that E;he steps Shown in Figures 8 and 4 which have the same
slement numbers as the steps shown in Figure 2 are identical. Accordingly, the
descriplion of those steps will not be repeated when referring to Figures 3and 4.
{0044} 4 second embodiment of the present invéni:io_n comprises a method
40 for determining the status of PDU transmissions to the UE with minimal
delay following a MAC laver reset condition and is shown in Figure 8. Afer the
RNC recognizes the need for a MAC Iayer reset (step 12) and the Node B and UE
are notified (steps 14 and 16), the BNC halts all downlink HS-DSCH
" transmissions {step 17). Note that step 17 may occur in advance of step 14 or 16
without any adverse consequences. The RNC subsequently receives the PDU
- gtatus report (step 32)., The PDU status report indicates the PDUs lost as a
result of the MAG reset and potentially additional PDUs lost in the source Nods
Bthecaseof an HS-DSCH cell change. The PDU status report is then processed
(step 34) and the missing PDUs are retransmibted to the U (step 36). The RNC
initiates transmission in the new cell by scheduling transmission of lost PDUs
that require retransmission first, The RNC then resumes PDU transmissions
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(step 88) at the point where ransmissions were previously stopped at 'sbep 17.

Note it is also possible that steps 3é and 88 are performed simultaneously.

{0045} Referring to Figure 4 = third embodirnent of 2 method 56 in

' accordance with the presentinvention is shown. This method 50 is similar to the
method 40 shown in Figure 3. However, instead of restarbing the downlink F5-
DSCH transmissions to the U in response to the receipt of a PDU status report
at step 32 as shown in Figure 8, the method 50 of this embadiment of the present
invention restarts fransmissions upon the receipt of a “trigger”, or a ’pre-
determined event (step 19). In z first examplé, the iripger may comprise the
establishment ofthe transport chanuel in GTRAN which, as would be understood
by those of skill in the art, is accomplished by an RNC with the new “targel”
Node B signaling procedure. The reception in the RNC of a confirmation
generated by the Nods B is used as the trigger. '
[0046] Inaseoondexample thetnggar mayaompnsemcephmordemm
of the “m~sync” indication. Upon esteblishment of dedicated resources in the
target Node B, an “in-sync” indication may be determined in the Node B when
the assxgned physical charmels are &etermmed to be available for tranamission in
the Node B. Indicativn of this eventis relayed to the BNC and can thenbe used
as o frigger - |
J0047] In a third example, the trigger may comprise completion of the RRC
procedure, (i.e., confirmation of the ENC reception of the UE RRC message). The
RRCmessage signaled in step 16 results in an BRC confirmation message thatis
generated by the UE and sent tothe ENC. When this message is reagived at the
RNC it can be used as & irigger.
{0048] It should be noted that there are many different signals tha,t are
sent between the UE and the BNC, and any of these may be selected as desived
by the user to act as the trigger in accordance with the present invention.

Accordingly, the aforementioned three examples are intended to be instructive
rather than restrictive. Begardless of the form of the trigger, after the trigger is
received the RNC restarts HS-DSCH transmissions {step 21).
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CLAIMS:

1. A method for use a radio network controller (RNC), the method
comprising:

transmitting a message to a user equipment (UE) providing information for a
HS-DSCH cell change;

transmitting a radio resource control (RRC) message to the UE, the RRC
message having an identifier indicating that a medium access control high speed
(MAC-hs) is to be reset; and

receiving one or more radio link control (RLC) status report from the UE,
wherein the RLC status report indicates the status of RLC protocol data units
(PDUs) received by the UE;

wherein the HS-DSCH cell change is triggered based on the sent RRC

message; and

wherein the MAC-hs reset requires the UE to flush buffers for configured
HARQ processes, disassemble MAC-hs protocol data units (PDUs) in the reordering
buffers, deliver MAC-d PDUs to a MAC-d layer, flush reordering buffers and
configure the MAC-hs to receive new data.

2. The method of claim 1 wherein the RRC message is associated with a
high speed downlink shared channel (HS-DSCH) inter-Node B cell change.

3. The method of claim 1 wherein transmission of PDUs from the RNC to

the UE is halted until a triggering event occurs.

4. The method of claim 3 wherein the triggering event is a receipt of the

RLC status report.
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5. The method of claim 3 wherein the triggering event is an

establishment bf new channel for the UE.

6. The method of claim 3 wherein the triggering event is an indication of

synchronization of a new Node B with the UE.

7. The method of claim 3 wherein the triggering event is the completion

of a radio resource control procedure.
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8. The method of claim 1 further comprising the RNC retransmitting
missing PDUs to the UE based on the status report.

9. A radio network controller (RNC), the RNC comprising:

a controller configured to send a message to a user equipment (UE) providing
information for a HS-DSCH cell change;

a transmitter configured to transmit a radio resource control (RRC) message
to a UE, the RRC message having an identifier indicating that a medium access
control high speed (MAC-hs) is to be reset; and

a receiver configured to receive one or more radio link control (RLC) status
report from the UE, wherein the RLC status report indicates the status of RLC
protocol data units (PDUs) received by the UE;

wherein the HS-DSCH cell change is triggered based on the sent RRC
message; and |

wherein the MAC-hs reset requires the UE to flush buffers for configured
HARQ processes, disassemble MAC-hs protocol data units (PDUs) in the reordering
buffers, deliver MAC-d PDUs to a MAC-d layer, flush reordering buffers and

configure the MAC-hs to receive new data.

10. The RNC of claim 9 wherein the RRC message is associated with a
high speed downlink shared channel (HS-DSCH) inter-Node B cell change.

11.  The RNC of claim 9 wherein a transmission of PDUs from the RNC to

the UR is halted until a triggering event occurs.
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12. The RNC of claim 11 wherein the triggering event is a receipt of the
RLC status report.

13, The RNC of claim 11 wherein the triggering event is an establishment

of new channel for the UE.

14.  The RNC of claim 11 wherein the triggering event is a completion of

radio resource control procedure.

P

15. The RNC of claim 9 wherein the transmitter of the RNC is further

configured to retransmit missing PDUs to the UE based on the status report.
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A METHOD FOR USE A RADIO NETWORK CONTROLLER (RNC)
AND RADIO NETWORK CONTROLLER

Abstract

A method and systemn for the UE and RNC to reduce transmission latency and
potentially prevent loss of PDUs upon 2 MAC layer reset. UE generation of the
statns PDU is coupled with the MAC layer reset. The RNC generates a message
with a MAC reset indication. Following the MAC layer reset all PDUs stored in
the UE MAC layer reordering buffers are flushed to RLC entities and then
processed by RLC entities prior to the generation of a PDU status report. The
PDU status report provides to the RNC the status of all successfully received
PDUs. Upon reception of a PDU status report in the RNC, missing PDUs are
realized and refransmitted to the UE. A

Figure 2
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