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1. Introduction

This contribution discusses feedback in support of SU-MIMO and MU-MIMO. In RAN1 #60, significant progress on the long-standing feedback issue was made and it now seems clear that our main efforts should be spent on two implicit feedbacks as shown in chairman’s notes:
Way forward for extending the Rel-8 feedback [1]

· Implicit feedback (PMI/RI/CQI) is used also for Rel-10
· UE spatial feedback for a subband represents a precoder (as constructed below)

· CQI computed based on the assumption that eNodeB uses a specific precoder (or precoders), as given by the feedback, on each subband within the CQI reference resource
· Note that a subband can correspond to the whole system bandwidth

· A precoder for a subband is composed of two matrices 

· The precoder structure is applied to all Tx antenna array configurations

· Each of the two matrices belong to a separate codebook

· The codebooks are for further study

· The codebooks are known (or synchronized) at both the eNodeB and UE

· Codebooks may or may not change/vary over time and/or different subbands

· That is, two codebook indices together determine the precoder

· One of the two matrices targets wideband and/or long-term channel properties 

· The other matrix targets frequency-selective and/or short-term channel properties

· Note that a matrix codebook in this context should be interpreted as a finite enumerated set of matrices that for each RB is known to both UE and eNodeB.

· Note that Rel-8 precoder feedback can be deemed as a special case of this structure

In this contribution, we discuss and present our views on the two matrices to decide the precoder and the long term wideband feedback type.
2. SU-MIMO with Long Term Wideband Feedback 
The Way Forward suggests that the UE would be feeding back two implicit matrix indicators. One (
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) corresponds to frequency selective and/or short term properties, which is taking care of the instantaneous properties of the effective channel, such as phase alignment for constructive combining of transmitted signals on receive side, or orthogonalization of the effective channel. And the other (
[image: image2.wmf]2

PMI

W

) corresponds to wideband and/or long term channel properties, which tries to capture the correlation properties of the channel. Since the correlation properties remain roughly constant over bandwidth and change slowly over time, 
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 does not need to be reported often for saving bandwidth. The two matrices would jointly form an overall recommended precoder. 
The overall precoder 
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 could be constructed in a way like the multi-granular feedback based codebook [2] or the adaptive codebook [3]. It is in the form as, 
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For example, with the normalized spatial channel correlation being
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(R could be quantized to a predefined codebook known to both eNodeB and UE), it is suggested the new codebook could be transformed as [3],
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Long term wideband R could be simply estimated as
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where S is a set of subcarriers and the period of a number of frames (over 100 ms), and Hk is the channel response estimated by UE based on CSI-RS in subcarrier k during a subframe. 
One the one hand, the long term spatial feedback could increase the spatial resolution of the first short term feedback while keeping the feedback overhead low. The exact performance gain is FFS. On the other hand, since the second feedback is long term, e.g. over 100 ms, its feedback error (quantization error, transmission delay and transmission error) will affect the SU-MIMO performance for a pretty long duration until the next long term feedback comes. So if the two implicit feedbacks jointly decide the precoder for SU-MIMO, the performance loss due to non-ideal wideband long term feedback should be studied carefully. In this contribution, we provide some preliminary results to show the impact of quantization and feedback delay on SU-MIMO. 
Table 1 shows the simulation results of performance difference for SU-MIMO (With Rel.8 PMI feedback), SU-MIMO with instantaneous R (Without quantization and feedback delay) and long term wideband R feedback (With quantization and feedback delay) in 3GPP case 1 correlated antenna scenario. R (4x4 matrix) is element-wise quantized to 64 bits according to [4]’s appendix and its feedback delay is 6 ms. R feedback periodicity includes 10 ms and 100 ms.  While the instantaneous R without quantization and feedback delay is computed as,
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where Hk is the instantaneous channel response of the UE in subcarrier k.
Observation

· SU-MIMO with instantaneous R feedback has a very good performance, but SU-MIMO with additional wideband long term feedback will deteriorate user’s performance significantly. This is due to the fact that the quantization error and feedback delay will affect the SU-MIMO performance for a pretty long duration until the next long term feedback comes
· For SU-MIMO, the legacy Rel.8 PMI like feedback is good enough
For uncorrelated antenna case, wideband long term feedback is not needed.
Proposal
· For SU-MIMO, the frequency-selective and/or short-term channel feedback can solely determine the precoder
Table 1: Performance of SU-MIMO with and without R feedback

	Throughput
[bps/Hz/cell]
	SU-MIMO 
(Rel.8 feedback)
	SU-MIMO with instantaneous R feedback
	SU-MIMO with long term  R feedback (interval=10/100ms)
	Long term R feedback performance loss (%) over without R (interval=10/100 ms)

	Average Cell 
	2.338
	3.025
	1.824/ 1.809
	21.9/22.6

	Cell-edge user
	0.072
	0.152
	0.053/ 0.053
	26.4/26.4


3. MU-MIMO with Long Term Wideband Feedback
 It is agreed that the additional long term wideband feedback will benefit MU-MIMO operation. For the long term wideband feedback, there are two possible ways
· Best/worst companion PMI(s) (BCI or WCI) feedback MU-MIMO operation [6]

· Quantized covariance matrix or eigen vector [3]

MU-MIMO is mainly beneficial for high antenna correlation, highly-loaded cell, low-mobility and less bursty traffic scenarios [5].  In these scenarios, it is possible for UE to report its preferred precoding matrix based on its long term statistics, such as long term BCI feedback for MU-MIMO’s UEs paring.
In best/worst companion PMI(s) feedback, based on long term observation, a UE reports one or more “best/worst-companion” PMI that (when used) creates little intra-cell interference (Maximizing the SINR at the receiver output) to the reporting UE. At the same time, the UE also reports a delta-CQI when the BCI is used. This so-called “best-companion” PMI effectively tells the network about the null space of the channel linking the reporting UE.  Based on this additional information, the eNodeB can pair UEs for MU-MIMO operation. The BCI/WCI increases the eNodeB’s scheduling flexibility compared with Rel.8 single PMI feedback.
As an example, BCI could be found based on minimum capacity by using the corresponding codeword,
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where Wl is the codeword in the codebook. l=1 ….2B are PMIs. And MR and MT are the number of receiver antennas and transmitter antennas.
While for quantized covariance matrix or eigen-vector scheme, a UE feedback its own channel information. It is used to better describe the signal space of the channel linking the reporting UE. 
It is agreed that BCI/WCI has some restrictions in obtaining the potential gain for MU-MIMO such as a small codebook size, such that the MU-MIMO scheduler may not effectively find the best pairs of UEs to be co-scheduled. So the UE may need to report rank 1 and rank 2 BCI/WCI with corresponding delta CQI because it is probable that in certain cases, some UEs are working in rank 2 SU-MIMO mode, but would be assigned by eNodeB’s scheduler to work in rank 1 MU-MIMO. In the simulation, we assume the BCI/WCI feedback overhead is quantized to 16 bits (Rank 1 and rank 2 BCI plus corresponding delta CQI. Each is quantized to 4 bits). We compared the MU-MIMO performance with BCI feedback and with long term wideband spatial covariance R feedback. Other R quantization methods, such as quantized eigen vector or feedback compression techniques, will be studied later. The feedback interval includes 10 ms and 100 ms. R is computed using equation (3). Table 2 shows the throughput performance difference between feedback R and BCI scheme in MU-MIMO. 
 Observation

· BCI shows little throughput performance loss (about 10%) compared with feedback R
· Compared with element-wise quantized feedback R, BCI great reduces overhead consumption (75%)
Table 2: Performance of MU-MIMO with BCI feedback and MU-MIMO with R feedback

	Throughput
[bps/Hz/cell]
	MU-MIMO with R feedback (interval=10/100ms)
	MU-MIMO with BCI feedback (interval=10/100ms)
	R feedback performance gain (%) over BCI (interval=10/100 ms)

	Average Cell 
	2.825/2.749
	2.553/ 2.515
	10.7/9.3

	Cell-edge user
	0.079/0.078
	0.070/ 0.071
	12.8/9.9


Proposal
· For the wideband and/or long-term channel feedback, the performance of quantized R and BCI like feedback needs to be studied further
4. Conclusions
Based on the discussion above about the impact of feedback way forward on SU-MIMO and MU-MIMO, we observe,

For the SU-MIMO,
· SU-MIMO with instantaneous R feedback has a very good performance, but SU-MIMO with additional wideband long term feedback will deteriorate user’s performance significantly. This is due to the fact that the quantization error and feedback delay will affect the SU-MIMO performance for a pretty long duration until the next long term feedback comes

· For SU-MIMO, the legacy Rel.8 PMI like feedback is good enough
For the MU-MIMO,

· BCI shows little throughput performance loss (about 10%) compared with feedback R
· Compared with element-wise quantized feedback R, BCI great reduces overhead consumption (75%)
So we propose the following,
· For SU-MIMO, the frequency-selective and/or short-term channel feedback can solely determine the precoder
· For the wideband and/or long-term channel feedback, the performance of quantized R and BCI like feedback needs to be studied further
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APPENDIX: simulation assumption
	Parameter
	Assumptions used for evaluation

	Deployment scenario
	3GPP case 1

	Duplex method and bandwidths
	FDD: 10MHz for downlink

	Cell layout
	Hexagonal grid 19 sites, 3 cells per site

	Network synchronization
	Synchronized

	Antenna configuration (eNB)
	Configuration C)  Correlated: co-polarized: 0.5 wavelengths between antennas (4 Tx: |||| )

	Antenna configuration (UE)
	Vertically polarized antennas with 0.5 wavelengths separation at UE (2 Rx: ||)

	Downlink transmission scheme
	(1) SU-MIMO: closed loop precoded spatial multiplexing (transmission mode 4) with rank adaptation
(2) MU-MIMO: Maximum 2 co-scheduled rank 1 UEs per sector. SLNR precoding is used

	Downlink scheduler
	Proportional fair in time and frequency

	Feedback assumptions
	(1) Short term feedback is based on LTE Rel.8. wideband PMI, subband CQI report. PMI/CQI/RI report with 5ms periodicity, 6ms delay. Subband CQI with measurement error: N(0,1) dB per PRB
(2) Long term feedback is based on quantized covariance matrix. Each real value is quantized to 4 bits. It is reported with 10/100/500 ms periodicity, 6ms delay



	Downlink HARQ scheme
	Incremental redundancy

	Downlink receiver type
	MMSE

	Channel estimation
	Ideal

	Control channel and reference signal overhead
	0.3095, 3 OFDM symbol for control
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