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1. Introduction
While codebook-based spatial multiplexing is supported for Rel-10 UL SU-MIMO [1], it is unclear whether a standardized multi-PA UL transmit (Tx) diversity is needed. Based on some discussion, the following decision was made in RAN1#58bis [2]:
· Need more discussion on the need to introduce TxD in Rel-10

· Identify target use cases where 2TxD bring additional benefit, compared to existing single antenna mode and SM mode

· Take into account performance, power consumption, etc

· For the study purpose, focus on Alt 1 and Alt 2 for 2TxD

· Alt 1: (STBC-based)

· Performed after DFT precoding

· SC-FDMA symbols in a slot  is divided into pairs of 2,  plus possibly one unpaired symbol

· FFS: SC-FDMA symbols in a subframe is divided in to pairs of 2 when PUSCH hopping is not used

· STBC for paired SC-FDMA symbols 

· FFS for unpaired SC-FDMA symbol if it exists

· FSTD, PSD and etc.

· Alt 2: (SFBC)

· Performed after DFT precoding

· Map to subcarriers to preserve CM

· New 2TxD can be introduced before or in next meeting the latest

· 4-tx transmit diversity is FFS

Here, some alternatives were captured in [2, 3] based on a plethora of currently available schemes. Thus far, we have seen a number of contributions which compare the different flavors of Tx diversity. However, only very few contributions examined the need for Tx diversity by performing a comparison with an already-agreed rank-1 codebook-based precoding [4, 5]. In addition to [6], contributions [4, 5] demonstrated very well that Tx diversity does not offer any gain over rank-1 precoding in a number of relevant scenarios. 
In this contribution, we discuss several other factors which can be taken into account in deciding whether a standardized UL Tx diversity is indeed necessary for Rel-10. 

2. Discussion
Some of the considerations are given in this section. 

2.1. Performance
The comparison between Tx diversity and rank-1 codebook-based precoding for PUSCH is given in [4, 5] which can be summarized as follows:

· For low UE speed, rank-1 precoding clearly outperforms Tx diversity in terms of link-level performance. Furthermore, Tx diversity is known to be detrimental when utilized together with channel-dependent scheduling such as the proportional fair (PF) scheduler. This is because Tx diversity reduces the SINR variation which can be exploited for multiuser diversity gain. This is particularly relevant for best effort services. 

· For high UE speed, rank-1 precoding can be performed based on long-term channel statistics (e.g. spatial covariance matrix). The long-term channel statistics can be estimated at the eNB via the SRS. It was shown that rank-1 precoding still outperforms Tx diversity. 

· It is possible that SRS is not configured for high-speed UEs as channel-dependent scheduling does not offer sufficient gain in this scenario. In this case, however, the additional diversity gain from Tx diversity (over single-antenna transmission or fixed rank-1 precoding) is marginal due to time-diversity gain. Hence, the performance gain of Tx diversity is unclear in this scenario.  
Therefore, we find no compelling reason to introduce UL Tx diversity in Rel-10 from performance perspective. 
2.2. Potential eNB complexity
When UL Tx diversity is supported, it affects two aspects of eNB complexity:
1. Receiver complexity
2. Scheduler complexity

SFBC/STBC, or in general Alamouti-type space-time/frequency code, requires processing of symbol-pairs (across time or frequency). While this may not impose too much additional complexity when received as a single-layer transmission,, it introduces some additional complication when received with transmissions from other UEs in a multi-user MIMO scenario. In particular, the eNB may receive a mixture of Tx diversity (SFBC/STBC), rank-1 precoding, and single-antenna transmissions. While rank-1 precoding and single antenna transmission can be processed together in a simple manner (i.e. without symbol-pair processing), the same cannot be said with a mixture of Tx diversity and the others. It can be shown that symbol-pair processing increases the MIMO decoder dimension by a factor of 2 thereby increasing the dimension of matrix processing by 2x. This holds for any UL MU-MIMO scenario where at least one of the transmitted signals is Tx diversity (SFBC/STBC) encoded 
It can be argued that the 2x dimensionality increase of the MIMO decoder can be avoided by simply performing MIMO decoding prior to SFBC/STBC decoding without performing the symbol-pair processsing. In this case, the SFBC/STBC-encoded transmission is treated as a regular 2-layer MIMO transmission. This, however, void the diversity gain from space-time/frequency coding which in turn unnecessarily increases the signal dimensionality by 2x. Other than increasing interference, the gain of Tx diversity over single-antenna transmission is not apparent in this case. 
In terms of scheduler complexity, the eNB needs to calculate the scheduling metrics. The increase in MIMO dimensionality (due to symbol-pair processing) will affect the scheduler computational load regardless of how the scheduler is implemented. This becomes a serious issue in UL MU-MIMO since the number of hypotheses is large due to the user pairing.
2.3. Signalling overhead
When a single-layer transmission is desired, it can be argued that Tx diversity is more economical from UL grant perspective due to the extra TPMI, TRI, and the UL grant parameters for the second codeword. While the definition of UL grant for UL SU-MIMO is a work item issue, a separate compact UL grant for the support of single-layer precoding can also be conceived analogous to downlink (DCI format 1D). In this case, the only extra field required for rank-1 precoding (compared to Tx diversity) is simply the TPMI. 

3. Conclusion
From the performance in various scenarios, we do not observe any significant gain from supporting as standardized UL Tx diversity (in the form of SFBC or STBC) over rank-1 precoding and single-antenna transmission. At the same time, the support of UL Tx diversity results in some complication in terms of eNB complexity especially in MU-MIMO scenario. 
Considering the above, we do not see a good reason to support a standardized UL Tx diversity in Rel-10 as proposed in [3]. 
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