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1. Introduction

In RAN1#62, it was agreed that the Rel.10 DL MIMO enhancement for 4Tx should be done in terms of the CQI (and if possible PMI/RI) accuracy enhancement for both MU-MIMO and SU-MIMO [1, 2]. Such enhancements are also expected to carry over 8Tx. Several possible schemes were proposed in RAN1#62 [3-8]. One of the proposals was to reintroduce PUSCH mode 3-2 (sub-band CQI and sub-band PMI). Mode 3-2 allows eNB to attain both sub-band CQI and sub-band PMI which in turn enhances its ability to perform a more refined link adaptation and scheduling. This is especially beneficial for MU-MIMO. Reintroducing mode 3-2 for 2/4Tx is straightforward. A companion proposal discusses the details on supporting mode 3-2 for 8Tx [9]. 
In this contribution, we focus on other possible schemes that improve two other aspects of MU-MIMO performance, namely:
· Dynamic SU/MU switching: In RAN1#59 it was agreed that “switching between SU- and MU-MIMO transmission is possible without RRC configuration.”  Unfortunately, the current CSI reporting mechanisms do not efficiently facilitate dynamic switching since the reported CQI/PMI only corresponds to the recommended RI assuming a single-user (SU) transmission. 
· Improved multi-user (MU) pairing: The current CSI reporting mechanism enables each UE to report a SU CSI. To perform MU-MIMO transmission, the eNB needs to pair, e.g. two, UEs according to the CQI/PMI/RI reports from all the active UEs. Since each CQI/PMI/RI report assumes only SU-MIMO transmission, the accuracy of the predicted CQI after user pairing is limited. 
It is quite apparent that both aspects are important in enabling a competitive MU-MIMO system. This contribution discusses several possible schemes that address the above issues and proposes a possible solution. The next section outlines our view and recommendation.
2. CSI Accuracy Enhancement
The Rel.8/9 aperiodic PUSCH CQI modes are given in Table 1. 

Table 1 [Table 7.2.1-1 TS36.213]: CQI and PMI Feedback Types for PUSCH reporting Modes

	
	
	PMI Feedback Type

	
	
	No PMI
	Single PMI
	Multiple PMI

	
	Wideband
	
	
	Mode 1-2

	
	(wideband CQI)
	
	
	

	
	UE Selected
	Mode 2-0
	
	Mode 2-2

	
	(subband CQI)
	
	
	

	
	Higher Layer-configured
	Mode 3-0
	Mode 3-1
	

	
	(subband CQI)
	
	
	


3.1. Enabling Dynamic SU/MU Switching
A simple scheme that enables dynamic SU/MU switching is the multi-rank or rank-restricted CQI/PMI feedback as proposed in [3, 8]. Since the MU-MIMO gain has been solely demonstrated for rank-1-per-UE scenario, we focus the enhancement for such scenario only – at least for Rel.10. Essentially, the restricted CQI/PMI associated with rank-1 transmission is appended to the regular rank-r CQI/PMI to facilitate dynamic SU/MU switching: Hence, the report consists of:
· Component 1: Rank-r CQI/PMI (under SU hypothesis)) for rank-r SU-MIMO transmission. Here, r is the recommended transmission rank signaled via RI.
· Component 2:   If r>1, append the rank-1 CQI/PMI (under SU hypothesis) comprising CQI/PMI of a restricted rank (e.g. rank-1) for MU-MIMO paring.
The motivation for appending a rank-1 report was given in [3, 8]. Essentially, it is to avoid an unnecessarily rough (and hence highly inaccurate) approximation of the MU-MIMO CQI when only a single high-rank CQI/PMI report is provided by the UE. From this perspective, multi-rank PMI enhances CSI accuracy in addition to facilitating dynamic SU/MU switching. In addition, the additional rank-1 component (component 2) is beneficial in improving CSI accuracy upon rank override at eNB with dynamic SU/MU switching.

The multi-rank feedback proposal is simple in terms of its specification complexity and testing: 
· UE complexity in PMI computation: First of all, rank adaptation is inherent in implicit feedback where UE needs to calculate preferred PMIs of different ranks. As such, PMI of different ranks are anyway computed at the UE although only one of them is reported in Rel-8. As a consequence the only additional step required in multi-rank feedback is to report  such PMIs. We could not identify major UE complexity increase in terms of PMI computations.
· Testing: Both rank-r and rank-1 PMIs are under Rel-8 definition (recommended precoders) and are essentially Rel-8 SU-MIMO PMIs. Testing should follow the exact Rel-8 testing procedure, and we do not see any significantly increased testing efforts.
3.2. Improving MU-MIMO Pairing 
The CQI (or in general CSI) discrepancy between SU-MIMO and MU-MIMO can be alleviated with a secondary CQI/PMI computed under MU hypothesis. Some proposals in RAN1#62 (e.g. [4, 7, 8]) can be categorized in this group. We term such scheme the best-companion-type scheme. Essentially, the report consists of:

· Component 1: Rank-1 CQI/PMI (under SU hypothesis)). 
· Component 2: A secondary CQI (and possibly PMI) computed under MU hypothesis of rank-1-per-UE. The secondary CQI can be reported in full or as a differential CQI relative to the CQI in component 1. In terms of secondary PMI, there are two possibilities:
· Alt1: A secondary/companion PMI is reported in addition to the secondary CQI. The secondary PMI signifies the precoder hypothesis of the other (paired) UE associated with the “best” companion of the reporting UE.
· Alt2: Only a secondary CQI is reported. Here, the secondary CQI is computed by assuming a certain predetermined precoder hypothesis for the other (paired) UE. For instance, a unitary pairing (PU2RC-type) restriction can be enforced as proposed in [8]. 
Alt1 and Alt2 have their own advantages and disadvantages. For example:

· Alt1 allows more freedom in user pairing compared to Alt2. This is advantageous since the eNB can perform zero-forcing beamforming (ZFBF) which orthogonalizes two non-orthogonal precoders. This translates to potentially better multi-user diversity for a given number of UEs per cell since it is easier for the eNB to find a pair with better CQI accuracy. 
· At the same time, allowing a non-unitary precoder pair in the CSI feedback for Alt1 implies that the UE must assume a certain operation at the eNB, e.g. ZFBF. While it is possible to standardize such behavior in TS36.213, it is not customary to specify such operation to the finest detail since there exists a host of MU pairing and precoder pair selection algorithms. This is not an issue for Alt2 since the UE simply reports the CQI associated with a pre-determined (specified) precoder pair hypothesis. 
· Note that it is possible for Alt1 to simply define the companion PMI to be something chosen by the UE without any regard of the MU pairing algorithm. This, however, beats the purpose of reporting the companion PMI since it seems to be chosen “arbitrarily” (i.e. the performance is expected to be the same as Alt2) yet with higher overhead.
· In terms of the specification impact:

· Alt1: A UE procedure which assumes a certain eNB MU pairing algorithm needs to be specified. As explained above, this does not seem to be a good approach.
· Alt2: A table of predetermined precoder pairs, i.e. for each possible rank-1 precoder, one rank-1 companion precoder is specified and hence assumed by the UE for the companion/secondary CQI calculation. Note that such table is not needed for 2Tx. In this case, the UE simply reports a companion CQI under the precoder pairing assumption. The eNB can then utilize the companion CQI to improve the MU CQI accuracy when the eNB pairs two UEs
Considering the above factors, Alt2 seems preferred despite the loss in MU diversity. 
3.3. Proposed Scheme
While the multi-rank feedback enables a more efficient dynamic SU/MU switching, the accuracy of the rank-1 CQI/PMI can further improved with employing a best-companion approach. Overall, the two schemes are complementary and can be combined into a single scheme. One possibility is to define a two-component MU-oriented CSI reporting mode which consists of the following components:
· Component 1: Rank-r CQI/PMI (under SU hypothesis)) for rank-r SU-MIMO transmission. Here, r is the recommended transmission rank signaled via RI, i.e. the Rel.8/9 type CQI/PMI/RI reporting.
· Component 2: 

· If r=1: Append a companion CQI assuming a rank-1 MU transmission under a specified precoder pairing hypothesis. 
· If r>1: Append a rank-1 CQI/PMI (under SU hypothesis) and a companion CQI assuming a rank-1 MU transmission under a specified precoder pairing hypothesis. 
· In both cases, the companion CQI can be defined relative to the rank-1 CQI, e.g. as a differential CQI. In addition, a unitary constraint can be enforced for each specified precoder pairing hypothesis. 
The next level of details is the feedback channel which is used for the proposed scheme. We suggest the following:

· The above CSI reporting scheme is supported as an extension of PUSCH mode 3-1 (subband CQI, wideband PMI) and 3-2 (subband CQI, subband PMI) only. Both components are carried within one subframe.
· Carrying such higher payload on PUCCH does not seem to be a feasible alternative. 

· PUSCH mode 1-2 is mainly intended for low-load SU-MIMO operation. In addition, the extension for PUSCH mode 2-2 is unclear. 

· For 8Tx PUSCH mode 3-2, the same codebook sub-sampling mechanism is used for the Rel.8/9 type feedback and the proposed MU-oriented reporting mode. 
3. Conclusion
To facilitate a better MU-MIMO operation in terms of dynamic SU/MU switching and better MU pairing, the following MU-oriented CSI reporting scheme is proposed. 
· Component 1: Rank-r CQI/PMI (under SU hypothesis)) for rank-r SU-MIMO transmission. Here, r is the recommended transmission rank signaled via RI, i.e. the Rel.8/9 type CQI/PMI/RI reporting.
· Component 2: 

· If r=1: Append a companion CQI assuming a rank-1 MU transmission under a specified precoder pairing hypothesis. 

· If r>1: Append a rank-1 CQI/PMI (under SU hypothesis) and a companion CQI assuming a rank-1 MU transmission under a specified precoder pairing hypothesis. 

· In both cases, the companion CQI can be defined relative to the rank-1 CQI, e.g. as a differential CQI. In addition, a unitary constraint can be enforced for each specified precoder pairing hypothesis. 

It is further proposed that the above scheme is supported as an extension of PUSCH mode 3-1 and 3-2 only. 
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