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1. Introduction
In RAN1#49bis meeting, some working assumptions was agreed for MU-MIMO [1] on: 
- reusing rank-1 SU-MIMO codebook, 
- keeping same CQI calculation,
- precoding feedback as the rank-1 SU-MIMO and 
- allowing explicit DL signalling for used precoding vector of a scheduled UE. 
However, there are still remaining issues on uplink/downlink signalling. In this contribution, we discuss following control signalling aspects for MU-MIMO:
- Full/part of rank1 codebook of SU-MIMO
- Frequency selective/non-selective PMI allocation
- DL indication
- CQI feedback
2. Full/part of rank1 codebook of SU-MIMO
The working assumption has been agreed as that the codebook of MU-MIMO reuse the rank 1 codebook of SU-MIMO, where it is still open whether to use full or part of the codebook. In case of part of the codebook, the usage of uniform linear array (ULA) vectors is one candidate considering performance perspective. Accordingly we compare two cases namely a) full of rank1 codebook and b) ULA codebook.
In unitary precoding case, small codebook size is preferable in order to ensure the scheduling possibility [2], therefore ULA codebook can be used for MU-MIMO, that is 2bits (4 elements) codebook is used for 2 Tx antenna case, and 3bits (8 elements) codebook is used for 4 Tx antenna case, respectively. In non-unitary case, full of SU-MIMO rank1 codebook can be reused for 4 Tx antenna case, while ULA codebook is sufficient for 2 Tx antenna case, since remaining part of codebook is identity matrix as confirmed during RAN1#50 meeting [6] which would bring limited benefit even for non-unitary allocation.
We compared above two codebooks for 2 and 4 Tx antenna cases, respectively. Table 1 shows simulation results with 2×2 antenna configuration for correlated channel (SCM-A) with 10UEs per sector, assuming unitary allocation at eNodeB side and MMSE receiver at UE side. The other simulation parameters used to obtain the results are listed in appendix part. According to Table 1, ULA codebook results have only slight performance loss compared to full codebook results.
Table 2 shows results with 4×2 antenna configuration assuming unitary allocation as well. ULA codebook results have only slight loss compared to full codebook results.
Table 1 Results for 2×2 SCM-A (v=3, 15km/h)
	2x2, SCM-A
	Error-free PMI reporting
	1% error for PMI reporting

	
	full codebook
	ULA codebook
	full codebook
	ULA codebook

	V=3kmh
	Sector throughput [bps/Hz]
	1.955
	1.891
	1.924
	1.863

	
	5% user throughput [bps/Hz]
	0.079 
	0.077
	0.078
	0.076

	V=15kmh
	Sector throughput [bps/Hz]
	1.754
	1.702
	1.738
	1.688

	
	5% user throughput [bps/Hz]
	0.074
	0.072
	0.073
	0.071


Table 2 Results for 4×2 SCM-A (v=3, 15km/h)
	4x2, SCM-A
	Error-free PMI reporting
	1% error for PMI reporting

	
	full codebook
	ULA codebook
	full codebook
	ULA codebook

	V=3kmh
	Sector throughput [bps/Hz]
	2.520
	2.476
	2.520
	2.477

	
	5% user throughput [bps/Hz]
	0.117
	0.115
	0.117
	0.114

	V=15kmh
	Sector throughput [bps/Hz]
	2.265
	2.236
	2.266
	2.236

	
	5% user throughput [bps/Hz]
	0.108
	0.107
	0.108
	0.107


3. Frequency selective/non-selective PMI allocation

As agreed in the working assumption, correlated antenna case should be focused on in MU-MIMO. In this case, we expect frequency non-selective allocation would have similar performance compared to frequency selective case, considering less variance of spatial characteristics over frequency domain. At the same time, signalling overhead can be significantly reduced if each UE reports a single PMI for the whole bandwidth. Therefore, frequency non-selective PMI allocation can provide efficient and robust MU-MIMO operations while keeping the signalling simple and with small overhead.
4. DL indication
In MU-MIMO, precoding schemes utilize quantized channel information at the eNodeB. Due to the quantization and other impairments such as limited feedback granularity in frequency domain and feedback delay, the precoding cannot achieve perfect user separation. Thus, it would be beneficial to be able to suppress interference caused by the other scheduled users especially if receive antenna diversity is considered, as indicated by the simulation results in [4]. Therefore, our current view is the downlink signalling should be designed to support UEs in acquired the required information, that is, the DL signalling should include the knowledge of precoding vector for existing other scheduled users.
5. CQI feedback
It has been agreed that CQI calculation and precoding feedback in MU-MIMO are same as the rank-1 SU-MIMO. The single stream SU-MIMO CQI report seems to be accurate enough if the receiver can suppress the multiuser interference according the simulation results [5]. Therefore an additional CQI terms for interference indication in eNodeB would not be necessary.
6. Conclusion
In this contribution, we discussed several issues on DL control signalling and UE feedback for MU-MIMO. Some views are presented. We recommend following:
1. For unitary transmission, only ULA codebook is used;
2. For correlated antenna case, frequency non-selective precoding should be used;

3. DL indication should include the knowledge of precoding vector for simultaneous scheduled UEs;
4. Keep the working assumption on CQI reporting, namely SU-MIMO rank1 CQI reports used for MU-MIMO.
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Appendix

Detailed simulation parameters are listed here.

Table A-1 Macro-cell system simulation parameters
	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Inter-site distance
	500m

	Frequency Reuse
	1

	Carrier Frequency / Bandwidth
	2 GHz

	Antenna configuration
	2x2

	Channel model
	SCM-A 

	UE speed
	3, 15 km/h

	Total BS TX power (Ptotal)
	46dBm (1Antenna) – 10MHz carrier 

	Macro-diversity
	Users dropped uniformly in a cell of 3R radius 

	HARQ
	Chase combining, Non-adaptive, Asynchronous

	Delay between retransmissions
	6 TTI (6ms)

	Maximum retransmissions
	5

	Target PER
	10%


Table A-2 OFDMA system simulation parameters
	Parameter
	Assumption

	TTI duration
	1.0ms

	Transmission BW
	10MHz

	Usable sub-carriers
	600

	CP Length 
	Short

	Number of OFDM symbols per sub-frame
	10 (data) + 4 (control+pilot) 


Table A-3 Scheduling parameters

	Parameter
	Assumption

	Scheduling granularity
	900 kHz bandwidth (5RBs)

60 sub-carriers x 14 symbols

	Useful symbol rate
	71.5%

	CQI feedback delay 
	5 TTI (5ms)

	Scheduler
	Proportional Fair
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Figure A-1 PER curves used for MCS selection and throughput calculation
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Figure A-2 CDF of Geometry

