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1
Introduction
In RAN1 meeting #72bis, the following agreement has been reached [1]:
Agreements:

· A new aperiodic PUSCH feedback mode is supported in Rel.12 with following feedback:
· A wideband CQI: 4 bits

· Per subband differential CQI with respect to wideband CQI as PUSCH 3-1 : 2 bits

· A wideband PMI based on W1 codebook
· 2 Tx: 0 bit
· 4 Tx: 

· 0/0 bits for rank 1-2 respectively if Rel 8 codebook is configured to the UE

· FFS for rank 3-4 

· FFS if Rel 12 dual codebook is configured to the UE
· 8 Tx: 4/4/2/2/2/2/2/0 bits for rank 1-8 respectively
· Per subband PMI(s) based on W2 codebook

· 2Tx: 2/1 bits for rank 1 – 2 based on Rel 8 2Tx codebook
· 4Tx: 

· 4/4  bits for rank 1-2 respectively if Rel 8 codebook is configured to the UE

· FFS for  rank 3-4 

· FFS for rank 1-4 if Rel 12 dual codebook is configured to the UE
· 8Tx:  0/0/0/0 bits for rank 5 – 8 respectively

· FFS until RAN1#73 for rank 1-4 with codebook sub-sampling
· Subband Size

· Working assumption that the CQI and PMI subband sizes are the same

· Revisit if a problem emerges when finalising the feedback report sizes

· Study further until RAN1#73 whether there is a benefit from allowing different CQI and PMI subband sizes
· Working assumption that the existing CQI and PMI subband sizes are used

· Study further until RAN1#73 whether there is a benefit from RRC-configurable subband sizes
· Additional information in the CSI reports is FFS

· For example CSI feedback enhancements targeted at improving MU performance

· Confirm working assumption of using Rel 10 W=W1W2 codebook structure for 4 antenna feedback for DMRS based TMs

· The new aperiodic PUSCH feedback mode 3-2 can be only configured for DMRS-based transmission mode 8,9, and 10 when PMI/RI reporting is configured;

· Working assumption that the aperiodic PUSCH feedback mode 3-2 can be configured for TM4,6 when the Rel-8 codebook is used
· Revisit at RAN1#73 if a problem is found with TM4,6, or if no gain is found. 
· A new Rel-12 codebook is not applicable to TM4,6
· Assuming a new 4Tx codebook is introduced, it should be supported for all aperiodic reporting modes that are valid for TMs 8,9,10 when PMI/RI reporting is configured and periodic feedback modes 2-1 and 1-1 
· Assuming a new 4Tx codebook is introduced, RRC configuration per CSI process determines whether the UE uses the Rel-8 4Tx codebook or the Rel-12 dual codebook.  

This newly introduced PUSCH feedback mode may encompass CSI enhancements aiming to improve MU-MIMO performance. Several possible approaches of MU-MIMO CSI enhancements have emerged. Hence, the objective of this contribution is to survey and discuss some of these proposals.
2
MU-MIMO Feedback Enhancements
In this contribution, we examine four potential feedback mechanisms to enhance MU-MIMO performance, namely multi-rank reporting, IMR-based MU-CSI, best companion PMI, and multiple MU-CQI reporting. The pros and cons of these schemes are also analyzed and compared.
2.1
Multi-Rank reporting
In order to provide appropriate CSI for both SU-MIMO and MU-MIMO modes, the UE may report baseline RI/PMI/CQI along with PMI/CQI corresponding to rank restriction such that RI= 1 [2]. Apparently, baseline CSI with RI≧1 could be used by the eNB for SU-MIMO downlink transmission. CSI specifically derived under RI = 1, on the other hand, is applicable to MU-MIMO by assuming that only one layer is scheduled to the reporting UE at maximum. Such feedback mechanism could be supported by utilizing the feature of CSI processes, which is readily available due to the introduction of TM10 in Rel.-11. To be specific, two CSI processes can be configured respectively for SU-MIMO and MU-MIMO (RI=1) modes. Thus, the standard impact of multi-rank reporting is relatively low. However, rank-1 CSI reporting for MU-MIMO does not take potential intra-cell interference into account, as CQI is computed under SU-MIMO hypothesis and potential interference due to MU-MIMO cannot be precisely evaluated. Hence, CQI for MU-MIMO could be over-optimistic for MCS selection, which may eventually lead to performance degradation.
2.2
IMR-based MU-CSI
Interference measurement resource (IMR) has been introduced in Rel-11 for the UE to evaluate interference levels under different hypotheses of CoMP settings. The extension of this mechanism has been suggested to support CSI enhancements for MU-MIMO [3]. In particular, a UE-specific subframe which contains aperiodic IMR can be configured by the network for interference measurement. This IMR can be treated as the CSI reference resource for aperiodic feedback. In order for the UE to estimate interference from the co-scheduled layer using this IMR, the network generates interference signal from the serving TP on the IMR in this CSI reference resource. Note that the interference generation is based on scheduling decision for the upcoming MU-MIMO operation, so the co-scheduled UE has to be pre-assigned for accurate interference estimation. This may affect the scheduling flexibility as the decision on user pairing is partially determined prior to CSI estimation.
2.3
Best Companion PMI and MU-CQI
One prospect way to handle the intra-cell interference in MU-MIMO is allowing the UE to recommend a PMI for its co-scheduled partner, which would cause least interference the reporting UE. This recommended PMI is dubbed as the best companion PMI or BCI [4]. Furthermore, the UE should report a CQI that is derived under the hypothesis of BCI application, which thereby takes intra-cell interference into account (at least for cases where the scheduling decision obeys the UE’s recommendation). Apparently, it is desirable to co-schedule a pair of UEs whose PMIs are in line with the BCIs recommended by each other. Since BCI reporting is not supported in the existing feedback modes, specification impact can be expected to support such feature. However, BCI-based mechanism may reduce the flexibility of MU-MIMO scheduling. In particular, in the scenarios where the total number of attached Ues is limited (such as small cells), the probability of finding a pair of Ues whose PMIs are aligned with the BCIs recommended by each other could be pretty low. If the recommended BCI is not fulfilled, the actual MU-CQI might deviate from the one that has been reported by the UE, and this may also lead to problems of improper MCS selection.
2.4
Multiple MU-CQI Reporting

By extending the BCI approach, the UE may report multiple MU-CQIs correspond to different companion PMIs or scheduling assumptions [5]. Thus, the scheduling flexibility of the eNB can be improved without over- or under-estimate the CQI. In order to strike a balance between performance, feedback load, and computational complexity of the UE, the set of companion PMIs can be configured via RRC and physical-layer signaling. In particular, multiple sets of companion PMIs should be configured by the higher-layer, while physical-layer signaling is employed for set selection and notification to the UE [6]. Such framework is akin to aperiodic CSI feedback mechanism for CoMP and CA. As compared to scheme based on BCI reporting, this method does not require feedback of any companion PMI, since the knowledge on co-scheduling assumptions is available at the eNB. Apparently, the feedback load could be heavy when the eNB requests the UE to send a large set of MU-CQIs. Nevertheless, PUSCH feedback should be able to provide sufficient capacity to handle such issue, as long as the size of co-scheduling assumption set is properly constrained. Moreover, differential encoding with respect to the SU-CQI could be used to reduce feedback overhead [5]. Nonetheless, to support such mechanism, the standardization effort of this scheme could be quite high.
In summary, the pros and cons of these methods are tabulated as following:
	
	Pros
	Cons

	Multi-rank reporting
	· Low spec. impact
	· Intra-cell interference is not considered for CQI derivation.

	IMR-based MU-CSI
	· IMR mechanism of Rel-11 can be re-used, so spec. impact can be low.
· Interference from co-scheduled layer of MU-MIMO can be directly estimated, which leads to accurate MU-CQI derivation.
	· Pre-assignment of co-scheduling UEs is needed, which may affect scheduling flexibility for MU-MIMO operation (user pairing)

	BCI with MU-CQI
	· MU-CQI is more precise in cases that the scheduling decision is in line with the recommendations of the co-scheduled UEs.
	· Higher spec. impact
· Scheduling flexibility for MU-MIMO operation (user pairing) is reduced.

	Multiple MU-CQI reporting
	· MU-CQI is more precise.
· Scheduling flexibility is maintained as MU-CQIs under multiple different co-scheduling assumptions are available at the eNB.
	· Higher spec. impact


This contribution proposes the following:
Proposal: MU-MIMO CSI enhancements should jointly consider performance, flexibility, and feedback overhead.
3
Conclusions

This paper discusses four potential approaches to enhance the feedback mechanisms for MU-MIMO operations, and the analysis concludes the following proposal:
Proposal: MU-MIMO CSI enhancements should jointly consider performance, flexibility, and feedback overhead.
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