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1. Introduction

In RAN1 #61 meeting, the way forward [1] of simulation assumption on Rel.10 feedback for 4 TX was agreed. The objectives of the evaluation are to

· Evaluate the gain of enhanced double-codebook feedback over Rel.8 feedback for Rel-10 MU-MIMO

It is expected to study if the new feedback framework [2] will benefit 4 TX MU-MIMO as well. Otherwise, the Rel.8 feedback is used. In the meantime, there exist two codebook structures for 8 TX under the feedback way [2]. The decision on 4 TX codebook structure could be naturally extended to 8 TX case. So in this paper, we provide some 4 TX MU-MIMO system level evaluation results under the assumption [1].

2. Configurations for MU-MIMO Simulation 
It is required to describe the simulation conditions for the evaluation process. We here list the high level description of scheduling algorithm and the feedback configurations. Other simulation assumptions could be found in the appendix table.
2.1 Scheduling algorithm
In [1], the number of co-scheduled UE for MU-MIMO operation is subject to MU-MIMO dimensioning discussion. The agreed assumption is 

· Maximum 4 co-scheduled layers per RB 

· Maximum 2 layers per UE  

However, exhaustive searching for all possible UE combinations is too complex and time consuming, even when the number of UEs is limited based on the geometry rule. So in the evaluation, we further refined the dimension to

· Maximum 4 co-scheduled layers per RB 

· Maximum 2 layers per UE  

· Maximum 2 UEs paring

The dynamic switching between SU-MIMO and MU-MIMO is enabled in the evaluation. The switching decision is made by the scheduler who schedules a UE in SU-MIMO or MU-MIMO operation based on the estimate of the spectral efficiency attainable for each transmission mode and the corresponding scheduling metric.

The following implementation example shows the high level frequency selective scheduling procedures for pairing UEs across sub-band (multiple RBs).

Precoder calculation
For MU-MIMO operation, the paired UEs’ precoders  P1 and P2 are selected such that the signal-to-leakage-and-noise ratio (SLNR) [3] for all users is maximized simultaneously. For example, the precoder of user 1 with SLNR is computed as [4]
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where 
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 is the noise/interference covariance estimate of the second user. And 
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is the covariance matrix of user i.  Although equation (1) is for two UEs paring case, it can be extended to more UEs paring case directly.  When using implicit feedback, 
[image: image4.wmf]i

R

could be approximated as 
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where 
[image: image6.wmf]]

[

i

PMI

V

 is corresponding codeword based on PMI feedback. And 
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 is the estimated SINR based on feedback CQI.
CQI estimation

In the MU-MIMO operation, it is required to re-calculate the UE’s CQI after UEs paring. CQI re-calculation has twofold meanings. Firstly, the UEs’ SINR changes after the paring step are need for the SU-MIMO and MU-MIMO switching operation. Secondly, if the scheduler thinks the two UEs can be paired together to operate in MU-MIMO mode, the corresponding UEs’ CQI should be scaled for the link adaptation.

It is known for CQI re-calculation, the eNB scheduler should apply the same receiver algorithm used in the UE. So in this evaluation work, we assume linear MMSE (LMMSE) algorithm both in the eNB and the UE side. We also assume CQI could be obtained through a CQI-SINR mapping table.
The SINR computation based on LMMSE for SU-MIMO is given in [5]. For MU-MIMO, the scheduler calculates the LMMSE weight for UE 1 as
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where 
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where P is the SLNR precoder.
The desired signal component for UE 1 is computed by
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And the interference by UE2’s signal is computed by
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And the interlayer interference between MIMO streams for UE 1 is
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And the interlayer interference between MIMO streams caused by UE 2 is
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So the scaled SINR for UE 1 could be
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Then  
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could be mapped to a certain CQI.
SU-MIMO and MU-MIMO switching
When SINR or CQI is obtained, the scheduler could decide whether the corresponding UEs could operate on SU-MIMO or MU-MIMO based on the capacity [6] or marginal utility [7] criteria.  
2.2 Codebook and feedback schemes 

In the Montreal meeting, there were two codebook and feedback way forwards which had be noted. The most significant difference is the codebook structure, W1*W2 [8] or W2*W1 [9]. 

One of the W1*W2 codebook is given in [10], in which, W1 is constructed based on grid of beam (GoB) corresponding to wideband/long term feedback, and W2 is selected from 2 TX rank 1 and rank 2 Rel.8 codebook representing the sub-band/short term feedback. 
And the W2*W1 codebook example is given by [11], where W1 is selected from Rel.8 4 TX codebook representing the wideband/long term feedback, and W2 is constructed based on DFT corresponding to sub-band/short term feedback.

The exact codebook definitions could be explored in the corresponding contributions.
3. Performance of 4 TX SU-MIMO and MU-MIMO
Although [1] mainly focuses on MU-MIMO evaluation, the two implicit feedbacks structure may also work for SU-MIMO. So it is important to evaluate the SU-MIMO performance together with MU-MIMO. 

We perform SLNR-based MU-MIMO according to the UE’s implicit feedback.  With Rel. 8 codebook, the UE reports a 4-bit rank 1 or rank 2 wideband PMI or a 4-bit sub-band PMI and the corresponding 4-bit CQI per sub-band.

For the two feedback structure, we assume W1 and W2 are transmitted in the same frame and at the same frequency of Rel.8 wideband PMI/CQI feedback. With W2*W1 framework, the UE reports a 4 bit rank 1 or rank 2 wideband PMI (W1)  and a 2 bit sub-band PMI (W2). And the sub-band 4-bit CQI is computed assuming the recommended precoder W2*W1.
With W1*W2 framework, the UE reports a 3 bit wideband PMI taken from 8 DFT based precoder (W1) and a 2 bit  rank 1 or 1 bit rank 2 sub-band PMI (W2). And the sub-band 4-bit CQI is computed assuming the recommended precoder W1*W2.
Table 1 and 4 give the SU-MIMO performance with   8º and 15 º angles spread. Table 2 and 5 give the MU-MIMO performance under the above CQI estimation scheme with   8º and 15 º angles spread respectively. And Table 3 and 6 give the MU-MIMO performance under ideal channel feedback with   8º and 15 º angles spread respectively.
Table 7 gives the PMI report sizes of the simulated schemes. In the simulation, the bandwidth is 10 MHz, so the number of sub-band is 9.  
Observation

· For SU-MIMO, we do not observe any obvious gain with a product structure over Rel.8 feedbacks. Although the new feedback schemes will increase the sub-band PMI feedback overhead compared with Rel.8 wideband PMI feedback, the throughput gain is very small.
· For MU-MIMO with ideal channel information, we assume eNB knows all the channel information. So it could compute SLNR precoder and scale CQI after UE paring with the precise channel knowledge. This case is to study how much gain exists with the product codebook structure under the ideal case. The gain of all the schemes (Table 3) over SU-MIMO (Table 1) under 8 ºspread is significant. But under 15 ºspread, there is less gain of MU-MIMO (Table 6) over SU-MIMO (Table 4). This is because large angel spread makes the spatial characteristics change rapidly and are difficult to track accurately. And also in Table 3, we find little MU-MIMO gain (less than 10%) of the product structure over Rel.8 feedback. Since it is our preliminary results, we recommend further studies on the codebook structure before making a decision.
· For MU-MIMO with above CQI estimation scheme (Table 2), the MU-MIMO gain is lost compared with SU-MIMO (Table 1) and MU-MIMO with ideal channel information (Table 3). 
· Compared with Rel.8 wideband PMI feedback, the new proposed W2*W1  and W1*W2  codebook structures significantly increase the report overhead. 
Proposal
· For MU-MIMO, the newly introduced feedback structure should facilitate eNB MU-MIMO operation, like CQI estimation.
Table 1. SU-MIMO: 4x2 closely spaced cross-polarized antenna with 8º angle spread with implicit channel feedback
	SU-MIMO 4x2
	Average Cell Spectral Efficiency (bits/s/Hz)
	5% Cell Edge Spectral Efficiency (bits/s/Hz)

	Rel.8 wideband PMI feedback + sub-band CQI
	2.110
	0.073

	Rel.8 sub-band PMI feedback + sub-band CQI 
	2.103
	0.079

	Samsung W2 W1 (2-bit sub-band, 4-bit wideband) + sub-band CQI 
	2.084
	0.076

	Ericsson’s W1 W2 (2 bit sub-band,3 bit wideband ) + sub-band CQI
	2.165
	0.077


Table 2. MU-MMIMO: 4x2 closely spaced cross-polarized antenna with 8º angle spread with implicit channel feedback
	SLNR MU-MIMO 4x2 with MAX 4 layers
	Average Cell Spectral Efficiency (bits/s/Hz)
	5% Cell Edge Spectral Efficiency (bits/s/Hz)

	Rel.8 wideband PMI feedback + sub-band CQI
	2.131
	0.063

	Rel.8 sub-band PMI feedback + sub-band CQI 
	2.125
	0.068

	Samsung W2 W1 (2-bit sub-band, 4-bit wideband) + sub-band CQI 
	2.168
	0.064

	Ericsson’s W1 W2 (2 bit sub-band,3 bit wideband ) + sub-band CQI
	2.234
	0.074


Table 3. MU-MIMO: 4x2 closely spaced cross-polarized antenna with 8º angle spread with ideal channel information
	SLNR MU-MIMO 4x2 with MAX 4 layers
	Average Cell Spectral Efficiency (bits/s/Hz)
	5% Cell Edge Spectral Efficiency (bits/s/Hz)

	Rel.8 wideband PMI feedback + sub-band CQI
	2.602
	0.070

	Rel.8 sub-band PMI feedback + sub-band CQI 
	2.640
	0.072

	Samsung W2 W1 (2-bit sub-band, 4-bit wideband) + sub-band CQI 
	2.688
	0.077

	Ericsson’s W1 W2 (2 bit sub-band,3 bit wideband ) + sub-band CQI
	2.633
	0.071


Table 4. SU-MIMO: 4x2 closely spaced cross-polarized antenna with 15º angle spread with implicit channel feedback
	SU-MIMO 4x2 
	Average cell spectral efficiency (bits/s/Hz)
	5% Cell Edge Spectral Efficiency (bits/s/Hz)

	Rel.8 wideband PMI feedback + sub-band CQI
	2.121
	0.070

	Rel.8 sub-band PMI feedback + sub-band CQI 
	2.059
	0.072

	Samsung W2 W1 (2-bit sub-band, 4-bit wideband) + sub-band CQI 
	2.013
	0.073

	Ericsson’s W1 W2 (2 bit sub-band,3 bit wideband ) + sub-band CQI
	2.105
	0.076


Table 5. MU-MIMO: 4x2 closely spaced cross-polarized antenna with 15º angle spread with implicit channel feedback
	SLNR MU-MIMO 4x2 with MAX 4 Lyers
	Average cell spectral efficiency (bits/s/Hz)
	5% Cell Edge Spectral Efficiency (bits/s/Hz)

	Rel.8 wideband PMI feedback + sub-band CQI
	2.024
	0.062

	Rel.8 sub-band PMI feedback + sub-band CQI 
	2.071
	0.063

	Samsung W2 W1 (2-bit sub-band, 4-bit wideband) + sub-band CQI 
	2.031
	0.062

	Ericsson’s W1 W2 (2 bit sub-band,3 bit wideband ) + sub-band CQI
	2.176
	0.061


Table 6. MU-MIMO: 4x2 closely spaced cross-polarized antenna with 15º angle spread with ideal channel information
	SLNR MU-MIMO 4x2 with MAX 4 Lyers
	Average cell spectral efficiency (bits/s/Hz)
	5% Cell Edge Spectral Efficiency (bits/s/Hz)

	Rel.8 wideband PMI feedback + sub-band CQI
	2.292
	0.066

	Rel.8 sub-band PMI feedback + sub-band CQI 
	2.453
	0.070

	Samsung W2 W1 (2-bit sub-band, 4-bit wideband) + sub-band CQI 
	2.405
	0.064

	Ericsson’s W1 W2 (2 bit sub-band,3 bit wideband ) + sub-band CQI
	2.401
	0.068


Table 7. Comparison of PMI report sizes for periodic report
	
	Bits per PMI

(rank1, rank 2)
	Reporting type
	Report size in bits for 10 MHz (9 sub-bands)
(rank1, rank2)
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	Rel.8 wideband PMI feedback + sub-band CQI
	4, 4
	0, 0
	wideband
	NA
	4, 4

	Rel.8 sub-band PMI feedback + sub-band CQI
	4, 4
	0, 0
	wideband
	NA
	36, 36

	Samsung W2 W1 (2-bit sub-band, 4-bit wideband) + sub-band CQI
	4, 4
	2, 2
	wideband
	sub-band
	22, 22

	Ericsson’s W1 W2 (2 bit sub-band,3 bit wideband ) + sub-band CQI
	3, 3
	2, 1
	wideband
	sub-band
	21, 12


4. Conclusions
Based on the simulation results, we observe,
· For SU-MIMO, there is almost no gain with a product structure over Rel.8 feedbacks. Although the new feedback schemes will increase the sub-band PMI feedback overhead compared with Rel.8 wideband PMI feedback, the throughput gain is very small.

· For MU-MIMO, the gain over SU-MIMO under 8 ºspread case is significant. But there is less gain under   15 ºspread case. And the MU-MIMO gain of the product structure over Rel.8 feedback is small (less than 10%). Since it is our preliminary results, we recommend further studies on the codebook structure before making a decision.
· For MU-MIMO, the loss due to CQI estimation error is significant. 

· Compared with Rel.8 wideband PMI feedback, the new proposed W2*W1  and W1*W2 codebook structures significantly increase the report overhead. 
So we propose the following,
· For MU-MIMO, the newly introduced feedback structure should facilitate eNB MU-MIMO operation, like CQI estimation.
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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

	Number of UEs per sector
	10

	Network synchronization
	Synchronized

	Antenna configuration (eNB)
	4 TX cross-polarized antennas with 0.5-lambda spacing (+/- 45 degrees). 

	Antenna configuration (UE)
	2 RX cross-polarized antennas with 0.5-lambda spacing (+/-90 degrees)

	Antenna labeling
	Antennas for one polarization are listed form 1 to N/2 and the other polarization are listed from N/2 to N.

	Downlink transmission scheme
	MU-MIMO: Maximum 2 co-scheduled rank 1 or rank 2 UEs per sector. 
Precoding: SLNR

	Codebook
	Rel.8 wideband PMI
Rel.8 sub-band PMI

W2*W1 

W1*W2

	Downlink scheduler
	Proportional fair in time and frequency
Scheduling granularity: 1 sub-band (6 RBs) 

	Feedback assumptions
	Report is with 5ms periodicity and 6ms delay. Sub-band CQI with measurement error: N(0,1) dB per PRB 

	Downlink HARQ scheme
	Incremental redundancy

	Downlink receiver type
	LMMSE

	Channel estimation error
	NA

	Feedback channel error
	NA

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