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1. Introduction
In the RAN #57 meeting, study on “Further downlink MIMO enhancement for LTE-Advanced” [1] was approved as a Rel.12 WI, where CSI feedback enhancement candidates are listed. In RAN1 #72 meeting, proposals for CSI feedback enhancement were shown by a lot of companies [2]-[9]. In the RAN1 #72bis meeting, the following was agreed with regard to a new aperiodic PUSCH feedback mode:
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

In this contribution, we discuss additional information elements which can be supported in the new aperiodic PUSCH feedback mode, especially additional CSI targeting for improving MU-MIMO performance.

2. Discussion
In the current CSI reporting function, RI/CQI/PMI is reported based on the assumption of SU-MIMO transmission, but the CSI report is not optimized for MU-MIMO or EPDCCH transmission. Therefore, it is expected that reporting additional CQI/PMI and possibly RI, based on an assumption of MU-MIMO or EPDCCH transmission may improve the performance of the transmission in those cases.
In the RAN1#72 meeting, several companies pointed out that reporting additional CQI/PMI based on an assumption of MU-MIMO or EPDCCH transmission can be achieved without additional specification effort [3]-[9]. That is to say, with the introduction of TM-10 in Rel-11, two CSI processes can be configured, where the first CSI process targets the recommended rank for SU-MIMO transmission, and the second process targets lower rank transmission through codebook subset restriction. However, such parallel operations result in large signalling overhead which is considered as a drawback. Therefore, we propose to investigate signalling overhead reduction for the additional CQI/PMI reporting based on the assumptions of MU-MIMO or EPDCCH transmission.
Proposal: Signalling overhead reduction for additional CQI/PMI reporting based on the assumptions of MU-MIMO or EPDCCH transmission should be investigated.
3. Indication of precoding matrix for MU-MIMO or EPDCCH with small signalling overhead
In this section, we discuss signalling overhead reduction for additional PMI reporting. 
As one of the candidate methods, reporting an indicator for a preferred transmission layer (or layers) of the signaled PMI for SU-MIMO, instead of a separate PMI for MU-MIMO or EPDCCH can be considered. The precoding matrix for SU-MIMO typically consists of several column vectors each of which corresponds to a transmission layer as shown in Figure 1. Thus, we propose that the UE additionally reports an indicator for the layer with the highest received quality (layer #j in Figure 1) and the eNB can generate the precoding vector for rank-1 transmission using the j-th column vector of the precoding matrix corresponding to the reported PMI for SU-MIMO. In addition, if the UE also reports an indicator for a second layer (layer #k in Figure 1) and eNB can generate the precoding matrix for rank-2 transmission using the j-th and the k-th column vectors. The layer #k can be determined so that it gives the highest rank-2 quality when combined with the layer #j with the highest rank 1 quality. Alternatively, if the layer index #k is determined so that it gives the second highest rank-1 quality itself, the indication of the layer can be utilized also for rank-1 MU-MIMO when the precoding vector corresponding to the layer #j conflicts with another UE. Furthermore, the preferred transmission layer(s) can be restricted to be chosen from the codeword with the higher CQI. As a consequence, the signalling overhead of indicator for the preferred transmission layer(s) is lower than one of PMI. 
In the above candidate method, performance of the generated precoding matrix for rank-1 or rank-2 using layer indication is traded for reduced signaling overhead. Therefore, comparison with the other alternatives from performance and signalling overhead aspects is needed.
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Figure 1: Precoding matrix for MU-MIMO or EPDCCH as subset of precoding matrix for SU-MIMO
4. Preliminary performance evaluation
4.1. Evaluation assumptions
In this section, preliminary evaluation results of the proposed CSI feedback method are provided in order to investigate advantage of the method. Table 2 in Appendix shows simulation assumptions.
We assume Rel-8 precoding codebook for 4 Tx antennas in Table 3, where the quantity 
[image: image2.wmf]}

{

s

n

W

 denotes the matrix defined by the columns given by the set {s} from the expression: 
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. Besides, it is assumed as a baseline that each UE always feedbacks PMI for rank-4 (even in low SINR environment), and an eNB determines a precoding vector for rank-1 based on rank-4 PMI and additional CSI. 
Performances of rank-1 SU-MIMO transmission for the following methods including the proposed method (Method 3 and 4) are evaluated, i.e. we assume that PDSCH is always transmitted with rank 1. Furthermore, we assume that the eNB knows accurate CQI for rank-1.
· Method 1: Always use the first column of the preferred precoding matrix for rank-4. This has not additional signaling overhead at all. 
· Method 2: Feedback a separate rank-1 PMI (4 bits) for rank-1 transmission. This is taken as the reference case for comparison.
· Method 3: Feedback indicator (2 bits) which shows a preferred column vector within 4 columns of the preferred precoding matrix for rank-4.

· Method 4: Feedback indicator (1 bit) which shows a preferred column vector within 2 columns of the preferred precoding matrix for rank-4. These 2 columns correspond to codeword with the higher CQI.

· Method 5: Feedback indicator (6 bits) which shows a preferred column vector within all columns of the entire codebook for rank-4 (
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4.2. Evaluation results
Table 1 shows throughput performance and Figure 2 shows received SINR characteristic for each CSI feedback method.
Method 5 shows the most performance gain. It achieves gain of 6~13% for average cell throughput compared with Method 2. This is because, there are 16 candidates for rank-1 precoding vector in Method 2, while there are 64 candidates which include the above 16 candidates in Method 5. Thus, more suitable precoding vector can be applied in Method 5.
Method 3 and 4 achieve good performance comparable to Method 5, in spite of few candidates for rank-1 precoding vector. The result suggests that a preferred precoding matrix for rank-4 includes a column vector which can achieve relatively high capacity, and the column vector is likely to be included in a codeword with higher CQI.
On the other hand, the performance of Method 1 is worse than one of Method 2. This is because, 1st column vector in preferred precoding matrix for rank-4 does not necessarily achieves high capacity.
Therefore, it is found that the proposed method (especially Method 4) can significantly improve the performance of rank-1 transmission by feedback of small amount of layer indicator as additional CSI. However, the performance improvement may be related to nested structure which Rel-8 precoding codebook has. Thus, further evaluations with the following assumptions are needed in order to investigate the advantage of the proposed CSI feedback method.
· Dual codebook structure (Rel-10 codebook for 8-Tx or candidates of Rel-12 codebook for 4-Tx)

· XPOL antenna configuration
· MU-MIMO transmission using rank-1 precoding vector which is determined based on PMI for preferred rank for SU-MIMO and additional CSI

Table 1: Throughput performance of additional CSI feedback methods
	CSI feedback
	Closely spaced ULA (0.5)
	Widely spaced ULA (4)

	
	Ave. cell throughput [Mbps]
	Gains
	Ave. cell throughput [Mbps]
	Gains

	Method 1
	19.48 
	-19.5%
	19.44 
	-12.5%

	Method 2
	24.20 
	0.0%
	22.21 
	0.0%

	Method 3
	25.38 
	4.9%
	24.58 
	10.6%

	Method 4
	25.39 
	4.9%
	24.30 
	9.4%

	Method 5
	25.64 
	5.9%
	25.18 
	13.4%
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(a) Closely spaced ULA (0.5)



(b) Widely spaced ULA (4)
Figure 2: CDF of received SINR for rank-1 SU-MIMO transmission
5. Conclusion
In this contribution, additional information elements to support MU-MIMO and EPDCCH in the new aperiodic PUSCH feedback mode are discussed. It seems that reporting additional CQI/PMI based on the assumptions of MU-MIMO or EPDCCH transmission is beneficial from the performance aspect, while separate, additional reporting has a drawback from the aspect of uplink signalling overhead. Therefore, we propose as follows:
Proposal: Signalling overhead reduction for the additional CQI/PMI reporting based on the assumptions of MU-MIMO or EPDCCH transmission should be investigated.
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Appendix: Simulation assumptions
Table 2: Simulation assumptions
	Parameter
	Value

	Carrier frequency
	2 GHz

	System Bandwidth
	10 MHz

	Cellular layout
	19 sites, 3 sectors per site, 500m ISD

	Channel model
	ITU UMa (urban macro)

	Number of UEs per cell
	10 UEs

	Traffic model
	Full buffer

	UE Speed
	3km/h

	Antenna configuration
	eNB: 4 Tx (ULA, 0.5 or 4 spacing)
UE: 4 Tx (ULA, 0.5 spacing)

	Transmission mode
	TM9, Rank-4 is assumed for PMI feedback,
Rank-1 SU-MIMO is assumed for PDSCH transmission

	Scheduler
	Proportional Fair

	HARQ
	Max 3 retransmission

	Granularity of CSI feedback
	Sub-band PMI, Sub-band CQI

	CQI feedback
	Ideal CQI for Rank-1 transmission

	Receiver
	MMSE


Table 3: Rel-8 precoding codebook for 4 Tx antennas
	Codebook index
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