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1. Introduction
To attain the target uplink peak spectral efficiency for LTE-Advanced, the inclusion of uplink single-user MIMO (UL SU-MIMO) technology seems inevitable. In addition, UL SU-MIMO may be considered as one of the first-step upgrades from LTE to LTE-Advanced compared to some other advanced technologies such as relays and COMP. Of a particular importance is the issue of codeword-to-layer mapping which includes the number of codewords for a given number of transmission layers. Overall, it is desirable to keep the impact on the specification to the minimum while maintaining competitive performance. Reusing the codeword-to-layer mapping for DL SU-MIMO is hence preferred. At the same time, however, it is also desirable to minimize the DL control overhead (i.e. PHICH and UL grant) [1, 2]. 
This contribution explores several possibilities based on the results from the companion contribution [1] as well as Ericsson’s contribution [2]. The following is proposed:
· Same layer mapping as that for DL SU-MIMO (a maximum of two codewords and hence two TBs) – minimum specification impact

· Layer/codeword diversity scheme is introduced, e.g. layer/codeword permutation in frequency domain (without DFT precoding in large-delay CDD)

· DL ACK/NAK spatial bundling – minimize PHICH overhead and specification impact

· Single NDI shared by all codeword(s)/TB(s), distinct MCS-RV per codeword/TB 
2. Possibilities for Layer Mapping
The codeword-to-layer mapping scheme for the DL SU-MIMO (given in the specification) is depicted in Figure 1. There are at most 2 codewords for a given number of layers:

· Each codeword is associated with a transport block (TB). Hence, there are at most 2 TBs for a given number of layers. This should be differentiated from codeblock where one TB can be segmented into multiple codeblocks.
· Each TB is associated with one HARQ process (associated with ACK/NAK, RV, and NDI) as well as one MCS. Alternatively, in case of spatial multiplexing with 2 TBs, both TBs can be associated with the same HARQ process (but with different ACK/NAK, RV, NDI, and MCS) – in accordance to TS36.321 Sec 5.3.2.1 [4]. 
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Figure 1. Codeword-to-layer mapping for DL SU-MIMO [3]
For UL SU-MIMO, the same layer mapping as that for DL SU-MIMO can also be used. To reduce the DL/UL control overhead, several refinements can be done as follows: 
1. Use the same codeword-to-layer mapping as depicted in Figure 1 (i.e. maximum of 2 codewords and each codeword is associated with one transport block). In addition, some type of layer or codeword diversity is used. The layer diversity can be introduced in frequency domain (across sub-carriers or resource elements). Introducing layer diversity amounts to equalizing the SINR across codewords when linear/one-shot MIMO receiver is used (e.g. LMMSE). This is illustrated in Figure 2 where codeword and layer permutations are used. Note that large-delay CDD (used for LTE DL SU-MIMO [3]) can also be used as it introduces layer permutation. However, it tends to increase PAPR/CM due to the additional DFT precoding. 

2. To avoid increasing PHICH overhead, DL ACK/NAK bundling across codewords (“spatial bundling”) is performed. Hence, both codewords (and thus TBs) share the same DL ACK/NAK. That is, only 1-bit DL ACK/NAK is used regardless of the number of codewords/layers. Note that this mechanism is already supported for TDD transmission in case of UL ACK/NAK multiplexing [3].
3. Related to PDCCH, there are 4 possibilities in regard of the combination of new data indicator, redundancy version, and transport block size (NDI, RV, TBS). Note that RV is jointly encoded with MCS in the UL grant (called MCS-RV field). The TBS is derived from MCS and resource allocation field (i.e. the number of assigned RBs) 

· Alt1: One distinct (NDI, RV, TBS) per codeword/TB ( 2 NDI + 2 MCS-RV

· This provides the maximum flexibility.

· Alt2: One distinct NDI per codeword/TB, a single (RV, TBS) shared by all codeword(s)/TB(s) ( 2 NDI + 1 MCS-RV

· Assuming the SINR for the two codewords are similar (e.g. with LMMSE receiver), Alt2 may offer comparable performance to Alt1, if both codewords correspond to new transmission. 
· If one of the codewords is an adaptive retransmission, then some performance degradation may be observable. In addition, there may be some scheduler restrictions. For example, for the adaptive retransmission codeword, the TB size should be the same as the initial transmission of the same TB and the MCS combined with resource allocation determines the MCS and RV. On the other hand, the MCS and resource allocation also determine the TB size as well as the modulation for the new transmission on the other codeword. Moreover, if one codeword is for new transmission and the other is for adaptive retransmission, MCS from 29 to 31 may not be used for the retransmission codeword, since MCS from 29 to 31 is not meaningful to the new transmission codeword.
· In addition, having a single MCS does not allow the system to reap maximum benefit with SIC receiver.
· Alt3: A single NDI shared by all codeword(s)/TB(s), a single (RV, TBS) shared by all codeword(s) /TB(s) ( 1 NDI + 1 MCS-RV

· This is the most economical solution which has comparable performance to Alt2. 

· In this case, (although not required) the RV corresponding to both TBs may be made the same.

· Alt4: A single NDI shared by all codeword(s)/TB(s), one distinct (RV, TBS) per codeword/TB ( 1 NDI + 2 MCS-RV

· In this case, (although not required) the RV corresponding to both TBs may be made the same although the MCS corresponding to the 2 TBs can be different. 

· This is consistent with the DL ACK/NAK spatial bundling. At the same time, having different MCS fields for the 2 TBs allows the system to exploit the SINR gain in the second TB when SIC receiver is used. Intuitively, the gain of SIC receiver is more significant in the first transmission.

· To reduce the overhead corresponding to the second MCS, differential MCS can be used for the second codeword relative to the MCS of the first codeword (similar to, e.g. [2]). 

· Note: If a single NDI is used, it is also possible to define a single HARQ process for both codewords/TBS. This can be done regardless whether the two TBs share the same MCS field or not. 

[image: image2.png]2-layer

3-layer

4-layer

cwi1 j
- N
di
one coana| g
LY
ow layer
N Nt LY
R —
EECOEEDO e LY e LY
owz |-ommoEE o] o —1{coding
[ Tmoomoo e LY
e Ly ™ Ly
ow layer cow ayer
ow | Y cwi ™ -y
—> sP —> > sP
] || MK
coding coding
cwz, ™ Y cwz - > Y
Sl sp Y| — > sp v
[ |
ow cw

layer

(a)

Layer permutation

(b)

Codeword permutation




Figure 2. Examples of layer/codeword diversity for 4Tx-antenna 
3. Conclusion

This contribution addressed the issue of layer mapping for UL SU-MIMO in accordance to the simulation results in the companion contribution [1] as well as the input from [2]. The following is proposed:

· Same layer mapping as that for DL SU-MIMO (a maximum of two codewords and hence two TBs) – minimum specification impact
· Layer/codeword diversity scheme is introduced, e.g. layer/codeword permutation in frequency domain (without DFT precoding in large-delay CDD)

· DL ACK/NAK spatial bundling – minimize PHICH overhead and specification impact
· Single NDI shared by all codeword(s)/TB(s), distinct MCS-RV per codeword/TB 
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