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1 Introduction

In the last meeting in Los Angeles, MU-MIMO in Rel-9 was discussed. One of the main discussion points is the DMRS design, i.e., if the DMRS between different UEs should be orthogonal. In [1], we have shown our support of orthogonal DMRS between UEs. 

Assuming orthogonal DMRS, the intended layer should be informed to the UE, otherwise the UE can not demodulate correctly. For example, assuming FDMed RS, the REs allocated to the intended layer needs to be signalled to the UE. Assuming CDMed RS, the cover code of the intended layer needs to be signalled. Therefore, layer indicator as one bit signalling is needed.

In addition to layer indicator, another discussion topic is SU/MU flag. The SU/MU flag notifies UE if there is a paired UE or not. In this contribution, we discuss if SU/MU flag is needed from two aspects: performance aspect and signalling aspect. Please note that CDMed RS is assumed in the following text.
2 Performance Aspect 

This section discusses the performance aspect of SU/MU flag signalling. There are mainly two motivations to explicitly signal the SU/MU flag to UE: 1) possible different channel estimation and despreading process for SU single layer and MU; and 2) possible implementation of receive beamforming for MU.
The single user channel estimation and despreading process was discussed in [2]. The conclusion is that despreading leads to better performance even for single user case. Therefore, it seems that there is no urgent need to make different channel estimation process for SU and MU. Henceforth, the first motivation of signalling SU/MU flag seems not sufficient at this stage. If more link level simulation reveals that, for the chosen Rel-9 DMRS pattern, different channel estimation process for SU and MU can lead to better performance, then this motivation can be valid.
The second motivation is to enable different receive beamforming depending SU/MU. If receive beamforming is needed in both SU and MU case, then SU/MU flag is not needed in Rel-9. On the other hand, if receive beamforming improves MU performance but degrade SU performance, then SU/MU flag signalling may be needed if the performance difference is significant.
Another motivation of SU/MU flag signalling is to enable better feedback. However, this is perhaps a feature in Rel-10, rather than Rel-9. For example, it is possible to switch between implicit/explicit feedback based on the value of SU/MU flag.

Overall, we see that orthogonal DMRS is an important feature of MU MIMO in Rel-9. However, the need of SU/MU flag may need further investigations. If further simulations show that the flag can introduce significant performance gain, then the flag can be explicitly signalled to the UE.
3 Signalling Aspect
If SU/MU needs not to be signaled to the UE, the DCI format design can be based on format 2A. The design in [3] may be adopted, namely the TB-to-CW swap bit can be used as layer indicator (when one codeword is disabled).
If SU/MU flag is needed, there are two approaches to signal the SU/MU flag to the UE: 1) in RRC and 2) in PDCCH. The comparison of the two approaches is summarized in the following table.
	
	RRC
	PDCCH

	SU/MU Dynamic Switch
	No
	Yes

	Signalling Overhead
	Less Severe
	Possibly more severe 


So basically, the above table shows that PDCCH signalling may lead to better performance but more overhead. On the other hand, RRC signalling leads to less complexity and less overhead, but may not realize the gain of SU/MU dynamic switch.
In addition to the above table, another discussion point of the signalling aspect is the exact design for RRC and PDCCH signalling. RRC signalling typically need two DCI formats for SU and MU separately. A possible design has been discussed in, e.g., [4], in which SU DCI format reuse format 2A, while MU DCI format uses a new DCI format with layer indicator.
PDCCH signalling would require a unified DCI format for both SU single layer, SU dual layer, and MU single layer. Then, it seems that format 2A is a reasonable candidate to be reused in Rel-9. For the purpose of signalling SU/MU flag, in addition to using TB-to-CW swap bit as layer indicator, as in [3], we may further use the NDI bit of the disabled codeword as the SU/MU flag. In this way, the number of bits is not changed from format 2A while both layer indicator and SU/MU flag can be explicitly signalled.
Overall, if SU/MU flag needs to be signalled the signalling overhead is not a severe problem. The analysis on the need of SU/MU flag can be focused on performance aspect.
4 Conclusion
In last meeting, the system level gain of orthogonal DMRS between UE has been demonstrated [5][6]. We supported the need of orthogonal DMRS in [1], which means the need of layer indicator. In this contribution, we further discuss if SU/MU flag is an essential feature of MU MIMO in Rel-9. At current stage, it seems that the performance gain due to SU/MU flag still needs further investigation. Therefore, we propose to agree on the need of orthogonal DMRS and layer indicator, while the need of SU/MU flag can be studied further. 
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