Page 1

3GPP TSG-RAN WG1 #72bis 
R1-131073
Chicago, USA, April 15- April 19, 2013
Agenda item:
7.2.2.2
Source: 
ITRI
Title: 
CSI Feedback Enhancements for MU-MIMO
Document for:
Discussion
1
Introduction
In RAN1 meeting #72, the following working assumption has been made [1]:
Working Assumptions:

· A new aperiodic PUSCH feedback mode is supported in Rel.12 with following feedback

· CQI and rank feedback bit size as in PUSCH Mode 3-1 in Rel 10

· A wideband PMI 
· 2 Tx: 0 bit
· 4 Tx: FFS with the consideration of codebook enhancement in Rel. 12 not excluding 0 bit wideband PMI
· 8 Tx: 4/4/2/2/2/2/2/0 bits for rank 1-8 respectively 
· Per subband PMI(s)
· 2Tx: 2/1 bits for rank 1 – 2
· 4Tx: FFS with the consideration of codebook enhancement in Rel.12
· 8Tx: 4/4/4/3/0/0/0/0 bits  for rank 1 – 8 respectively
· Use Rel 10 W=W1W2 codebook structure for 4 antenna feedback for DMRS based TMs

· The following are for further study and evaluation:

· Subband size

· Detailed W1 and W2 structures, e.g. W1 corresponds to a long term and/or wideband channel properties and W2 corresponds to  a short-term and narrowband channel
· Additional information in the CSI reports for this new feedback mode

· For example CSI feedback enhancements targeted at improving MU performance 

(Note that the current Rel-10 4tx codebook has W=W1W2 structure). 
The objective of this contribution is to discuss some of the proposals on feedback enhancements catering to downlink MU-MIMO operations.
2
MU-MIMO Feedback Enhancements
In this contribution, we examine three potential feedback mechanisms to enhance MU-MIMO performance, namely multi-rank reporting, 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 support dynamic switching between 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. Conversely, CSI specifically derived under RI = 1 is applicable to MU-MIMO operation, by assuming that only one layer is scheduled to the reporting UE at maximum in MU-MIMO operation. Such feedback mechanism could be supported by utilizing the feature of CSI processes, which is readily available in Rel.-11. That is, two CSI processes are 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 could be over-estimated for MCS selection, which may lead to performance degradation.
2.2
Best Companion PMI and MU-CQI
One 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 from the UE’s perspective. This recommended PMI is dubbed as the best companion PMI or BCI [3]. 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 aligned with the BCIs recommended by each other. Since BCI reporting is not supported in any of the existing feedback modes, a new feedback mode is required 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.
2.3
Multiple MU-CQI Reporting

The UE may report multiple MU-CQIs correspond to different companion PMIs or scheduling assumptions [4]. So, the eNB could perform flexible scheduling 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 that the UE examines can be RRC configured. To be specific, 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 [5]. 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. Apparently, the feedback load is heavy when the eNB requests the UE to send a large set of MU-CQIs. Nevertheless, PUSCH may provide sufficient capacity to handle such issue. Furthermore, the size of the set could be constrained by specification. Nonetheless, 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.

	BCI with MU-CQI
	The eNB can choose MCS in a more precise manner.
	· New feedback mode is required

· Scheduling flexibility for MU-MIMO operation (user pairing) is reduced.

	Multiple MU-CQI reporting
	The eNB can choose MCS in a more precise manner with a higher scheduling flexibility.
	· New feedback mode is required

· Feedback load could be heavy


Based on the above comparison, we propose the following:
Proposal: The design of feedback mode for MU-MIMO enhancements should jointly consider performance, flexibility, and feedback overhead.
3
Conclusions

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