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CLAIMS 

1.  A method of wireless communication, comprising: 

identifying a plurality of resource elements (REs) available for transmitting reference 

signals in at least one resource block (RB) of a subframe, a first set of REs from the plurality of 

REs being assigned to transmit reference signals and a second set of REs from the plurality of 

REs being assigned to transmit data, the first set of REs being different from the second set of 

REs; and 

assigning REs from the second set of REs to a wireless device in groups of a 

predetermined number of REs such that all assigned data REs within a group are within a same 

orthogonal frequency-division multiplexing (OFDM) symbol of a plurality of OFDM symbols of 

the at least one resource block and each data RE of the group being less than three resource 

elements away from another data RE of the group, each group of the predetermined number of 

REs corresponding to a data transmission from a group of antenna ports associated with a 

transmit diversity scheme. 

2.  The method of claim 1, wherein the second set of REs comprise data REs not 

assigned to a channel state information reference signal (CSI-RS) RE  or a muted CSI-RS RE.  

3.   The method of claim 1, further comprising assigning at least one ungrouped RE 

to other transmissions to other wireless devices. 

4.  The method of claim 1, further comprising using at least one ungrouped RE for a 

non-data transmission to the wireless device.  

5.  The method of claim 1, further comprising refraining from using at least one 

ungrouped RE for any transmissions.  

6.  The method of claim 1 wherein the grouping is limited to REs within the same 

resource block. 

7.  The method of claim 6, further comprising muting CSI-RS transmissions at a pre-

determined muting pattern.  
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8.  The method of claim 1, wherein the predetermined number of REs is a function 

of a number of transmit antenna ports used for transmission of another reference signal. 

9.  The method of claim 8, wherein the another reference signal comprises a 

common reference signal (CRS).  

10.  The method of claim 1, wherein the groups of the predetermined number of REs 

comprise space-frequency block code (SFBC) or space-time block code pairs transmitted using 

an Alamouti transmit diversity scheme.  

11.  The method of claim 1, further comprising using at least one ungrouped RE for 

transmission to the wireless device using a transmission scheme different from that used for the 

data transmissions to the wireless device on the grouped REs. 

12.  A wireless communication apparatus, comprising:  

means for identifying a plurality of  resource elements (REs) available for transmitting 

reference signals in at least one resource block (RB) of a subframe, a first set of REs from the 

plurality of REs being assigned to transmit reference signals and a second set of REs from the 

plurality of REs being assigned to transmit data, the first set of REs being different from the 

second set of REs; and 

means for assigning REs from the  second set of REs to a wireless device in groups of a 

predetermined number of REs such that all assigned data REs within a group are within a same 

orthogonal frequency-division multiplexing (OFDM) symbol of a plurality of OFDM symbols  

of the at least one resource block and each data RE of the group being less than three resource 

elements away from another data RE of the group, each group of the predetermined number of 

REs corresponding to a data transmission from a group of antenna ports associated with a 

transmit diversity scheme.  

13.   The apparatus of claim 12, wherein the second set of REs  comprise data REs not 

assigned to  a channel state information reference signal (CSI-RS) RE  or a muted CSI-RS RE. 

14.   The apparatus of claim 12, further comprising means for assigning at least one 

ungrouped RE to other transmissions from other wireless devices. 



43 

15.  The apparatus of claim 12, further comprising means for using at least one 

ungrouped RE for a non-data transmission to the wireless device. 

16.  The apparatus of claim 12, further comprising means for refraining from using at 

least one ungrouped RE for any transmissions. 

17.  The apparatus of claim 12 wherein the grouping is limited to REs within the 

same resource block. 

18.  The apparatus of claim 17, further comprising means for muting CSI-RS 

transmissions at a pre-determined muting pattern.  

19.  The apparatus of claim 12, wherein the predetermined number of REs is a 

function of a number of transmit antenna ports used for transmission of another reference signal. 

20.  The apparatus of claim 19, wherein the another reference signal comprises a 

common reference signal (CRS).  

21.  The apparatus of claim 12, wherein the groups of the predetermined number of 

REs comprise space-frequency block code (SFBC) or space-time block code pairs transmitted 

using an Alamouti transmit diversity scheme.  

22.  The apparatus of claim 12, further comprising means for using at least one 

ungrouped RE for transmission to the wireless device using a transmission scheme different from 

that used for the data transmissions to the wireless device on the grouped REs. 

23.  A  non-transitory computer-readable medium having computer-executable 

instructions stored thereon, said instructions comprising code for: 

identifying a plurality of  resource elements (REs) available for transmitting reference 

signals in at least one resource block (RB) of a subframe, a first set of REs from the plurality of 

REs being assigned to transmit reference signals and a second set of REs from the plurality of 

REs being assigned to transmit data, the first set of REs being different from the second set of 

REs; and 

assigning REs from the  second set of REs to a wireless device in groups of a 

predetermined number of REs such that all assigned data REs within a group are within a same 
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orthogonal frequency-division multiplexing (OFDM) symbol of a plurality of OFDM symbols  

of the at least one resource block and each data RE of the group being less than three resource 

elements away from another data RE of the group, each group of the predetermined number of 

REs corresponding to a data transmission from a group of antenna ports associated with a 

transmit diversity scheme. 

24.  An apparatus for wireless communication, comprising: 

a processor configured to: 

identify a plurality of  resource elements (REs) available for transmitting 

reference signals in at least one resource block (RB) of a subframe, a first set of REs from 

the plurality of REs being assigned to transmit reference signals and a second set of REs 

from the plurality of REs being assigned to transmit data, the first set of REs being 

different from the second set of REs; and 

assign REs from the  second set of REs to a wireless device in groups of a 

predetermined number of REs such that all assigned data REs within a group are within a 

same orthogonal frequency-division multiplexing (OFDM) symbol of a plurality of 

OFDM symbols  of the at least one resource block and each data RE of the group being 

less than three resource elements away from another data RE of the group, each group of 

the predetermined number of REs corresponding to a data transmission from a group of 

antenna ports associated with a transmit diversity scheme. 

25.   A wireless communication method, comprising: 

identifying a plurality of  resource elements (REs) available for transmitting reference 

signals in at least one resource block (RB) of a subframe, a first set of REs from the plurality of 

REs being assigned to transmit reference signals and a second set of REs from the plurality of 

REs being assigned to transmit data, the first set of REs being different from the second set of 

REs; and 

assigning the  second set of REs to at least one space frequency block coding (SFBC) 

group such that all data REs within each SFBC group are in a same orthogonal frequency-

division multiplexing (OFDM) symbol of a plurality of OFDM symbols of the at least one 

resource block and each data RE of the group being less than three resource elements away from 

another data RE of the group. 
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26.   The method of claim 25, wherein the second set of REs  comprise data REs not 

assigned to  a channel state information reference signal (CSI-RS) RE  or a muted CSI-RS RE 

27.   A wireless communication apparatus, comprising: 

means for identifying a plurality of  resource elements (REs) available for transmitting 

reference signals in at least one resource block (RB) of a subframe, a first set of REs from the 

plurality of REs being assigned to transmit reference signals and a second set of REs from the 

plurality of REs being assigned to transmit data, the first set of REs being different from the 

second set of REs; and 

means for assigning  the second set of REs to at least one space frequency block coding 

(SFBC) group such that all data REs within each SFBC group are in a same orthogonal 

frequency-division multiplexing (OFDM) symbol of a plurality of OFDM symbols of the at least 

one resource block and each data RE of the group being less than three resource elements away 

from another data RE of the group.  

28.   The apparatus of claim 27, wherein the plurality of available data REs comprise 

data REs not assigned to one of a channel state information reference signal (CSI-RS) RE and a 

muted CSI-RS RE. 

29.   A  non-transitory computer-readable medium having instructions stored thereon, 

said instructions comprising code for: 

identifying a plurality of  resource elements (REs) available for transmitting 

reference signals in at least one resource block (RB) of a subframe, a first set of REs from the 

plurality of REs being assigned to transmit reference signals and a second set of REs from the 

plurality of REs being assigned to transmit data, the first set of REs being different from the 

second set of REs; and 

assigning  the second set of REs to at least one space frequency block coding 

(SFBC) group such that all data REs within each SFBC group are in a same orthogonal 

frequency-division multiplexing (OFDM) symbol of a plurality of OFDM symbols of the at least 

one resource block and each data RE of the group being less than three resource elements away 

from another data RE of the group. 
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30.   A wireless communication processor, configured to: 

identify a plurality of  resource elements (REs) available for transmitting reference 

signals in at least one resource block (RB) of a subframe, a first set of REs from the plurality of 

REs being assigned to transmit reference signals and a second set of REs from the plurality of 

REs being assigned to transmit data, the first set of REs being different from the second set of 

REs; and 

assign  the second set of REs to at least one space frequency block coding (SFBC) group 

such that all data REs within each SFBC group are in a same orthogonal frequency-division 

multiplexing (OFDM) symbol of a plurality of OFDM symbols of the at least one resource block 

and each data RE of the group being less than three resource elements away from another data 

RE of the group. 

31.   The processor of claim 30, wherein the plurality of available data REs comprise 

data REs not assigned to one of a channel state information reference signal (CSI-RS) RE and a 

muted CSI-RS RE. 

32.   A method of wireless communication, comprising: 

receiving a reference signal  from REs of at least one resource block of a subframe, the 

REs being assigned to transmissions of the reference signal from a plurality of REs available to 

transmit reference signals, and a set of REs from the plurality of REs that are not assigned to 

transmit reference signals being assigned to transmit data ; and 

receiving data from the set of REs assigned to transmit data,  the data being transmitted in 

groups of a predetermined number of REs such that all assigned data REs within a group are 

within a same orthogonal frequency-division multiplexing (OFDM) symbol of a plurality of 

OFDM symbols  and each data RE of the group being less than three resource elements away 

from another data RE of the group, each group of the predetermined number of REs 

corresponding to data transmission from a group of antenna ports associated with a transmit 

diversity scheme. 

33.   The method of claim 32, wherein the reference signal comprises a channel state 

information reference signal (CSI-RS). 



47 

34.    The method of claim 32, wherein the groups of the predetermined number of REs 

comprise space-frequency block code (SFBC) or space-time block code pairs. 

35.  The method of claim 32, wherein the transmit diversity comprises an Alamouti 

scheme. 

36.   A wireless communication apparatus, comprising:  

means for receiving a reference signal  from REs of at least one resource block of a 

subframe, the REs being assigned to transmissions of the reference signal from a plurality of REs 

available to transmit reference signals, and a set of REs from the plurality of REs that are not 

assigned to transmit reference signals being assigned to transmit data ; and 

means for receiving data from the set of REs assigned to transmit data,  the data being 

transmitted in groups of a predetermined number of REs such that all assigned data REs within a 

group are within a same orthogonal frequency-division multiplexing (OFDM) symbol of a 

plurality of OFDM symbols  and each data RE of the group being less than three resource 

elements away from another data RE of the group, each group of the predetermined number of 

REs corresponding to data transmission from a group of antenna ports associated with a transmit 

diversity scheme. 

37.   The apparatus of claim 36, wherein the reference signal comprises a channel state 

information reference signal (CSI-RS). 

38.    The apparatus of claim 36, wherein the groups of the predetermined number of 

REs comprise space-frequency block code (SFBC) or space-time block code pairs. 

39.  The apparatus of claim 36, wherein the transmit diversity comprises an Alamouti 

scheme. 

40.   A wireless communication method, comprising: 

receiving a reference signal from resource elements (REs) of at least one resource block 

of a subframe, the REs being assigned to transmissions of the reference signal from a plurality of 

REs available to transmit reference signals, and a set of REs from the plurality of REs that are 

not assigned to transmit reference signals being assigned to transmit data; and 
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receiving data from the set of REs assigned to transmit data, the data being transmitted in 

a space frequency block coding (SFBC) groups of a predetermined number of REs such that all 

data REs within a SFBC group are in a same orthogonal frequency-division multiplexing 

(OFDM) symbol of a plurality of OFDM symbols and each data RE of the SFBC group being 

less than three resource elements away from another data RE of the SFBC group. 

41.   The method of claim 40, wherein the reference signal comprises a channel state 

information reference signal (CSI-RS).  

42.   A wireless communication apparatus, comprising: 

means for receiving a reference signal from resource elements (REs) of at least one 

resource block of a subframe, the REs being assigned to transmissions of the reference signal 

from a plurality of REs available to transmit reference signals, and a set of REs from the plurality 

of REs that are not assigned to transmit reference signals being assigned to transmit data; and 

means for receiving data from the set of REs assigned to transmit data, the data being 

transmitted in a space frequency block coding (SFBC) groups of a predetermined number of REs 

such that all data REs within a SFBC group are in a same orthogonal frequency-division 

multiplexing (OFDM) symbol of a plurality of OFDM symbols and each data RE of the SFBC 

group being less than three resource elements away from another data RE of the SFBC group.  


