3GPP TSG RAN WG1 58                      
                                                                                          R1-093176
Shenzhen, China, August 24 - 28, 2009
Source:
Texas Instruments

Title:
Implicit feedback in support of downlink MU-MIMO 
Agenda Item:
15. 6
Document For:

Discussion and Decision
1 Introduction

This contribution discusses implicit feedback in support of MU-MIMO, for a single-point transmission (non-CoMP). In particular, MU-MIMO beamforming based on implicit CQI/PMI feedback is investigated. It is shown that with implicit CQI/PMI report (e.g. Rel-8 codebook), eNB is able to perform non-codebook based DL MU-MIMO precoding with comparable or even more robust performance than explicit channel feedback. 
2 MU-MIMO 

Without loss of generality, consider a two-user system where the receive signal is given by 
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where F1 and F2 are the precoding matrices for user 1 and 2,  s1 and s2 are the data vectors for user 1 and 2, Hj are the channel matrix from the eNB to the j-th user,  and n1 and n2 are the interference and noise. The design principle of MU-MIMO is to obtain precoding matrices F1 and F2 to minimize, or completely pre-cancel the inter-user interference
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while achieving a good system performance for the effective single-user channel 
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3 Comparison of Explicit and Implicit feedback

The following feedback schemes are compared in this contribution.
3.1  Explicit short term transmit covariance
The transmit covariance matrix of the channel H is averaged over both time and frequency as R = (sum{HjHHj})/J, j=0,1,2,…,J-1, where J is the span of frequency sub-bands and subframes over which averaging is performed. Averaging in the frequency domain can be either on the wideband or sub-band basis. A wideband covariance matrix reduces the impact of channel estimation errors.  However it also comes at the cost of increased mismatch with the frequency-selective channel and reduced scheduling gain. In the time domain, transmit covariance matrix averaging is performed on a sliding window of N subframes, where N is the reporting periodicity.  
Various MU-MIMO algorithms are possible with transmit covariance information R = HHH, e.g. block diagonalization (BD), maximum signal to leakage ratio (SLR) beamforming. For explicit feedback we evaluate SLR beamforming where the precoding vector of user 1 expressed as


[image: image5.wmf]}

)

{(

1

H

1

1

2

H

2

1

H

H

R

H

H

evec

F

n

-

+

=

, 

[image: image6.wmf]}

{

×

evec

being the right dominant/principle eigen-vector. 
Note that explicit reporting does not capture UE processing. By default, such reporting does not facilitate the UEs with more advanced receivers to see meaningful throughput gain. This is because the gain from more advanced receivers needs to be translated into link adaptation gain, which is not captured in explicit reporting.
3.2 Implicit PMI/CQI report
Each UE reports the implicit rank-1 SU-MIMO PMI/CQI based on the channel measurement. Note that the CQI/PMI report has implicitly taken into account the receiver processing (e.g. MMSE or SIC) to facilitate more tailored link adaptation at the eNB. This is one of the advantages of the implicit report as receiver processing gain from more advanced receivers needs to be translated to link adaptation gain in order to be beneficial.
MU beamforming vectors could be derived with a transformation on the PMI report from multiple UEs. Various solutions including block diagonalization, maximum SLR beamforming as well as the regularized zero-forcing beamforming (RZFBF) are possible. Note that the exact beamforming weight calculation is completely an eNB implementation issue, hence any other method could be used as well.
Example: 

Denoting 
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  = PMI feedback from the i-th UE.  For each hypothetical pair of UEs, MU beamforming with RZFBF could be derived as   
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, where 
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is a regularization factor which could be a heuristic function of the geometry/SNR ([4]) or a constant, F1 and F2 are the non-codebook based precoding vectors for user 1 and user 2, respectively, which should be normalized to norm 1 to ensure constant transmit power per layer. 
The post-processing MU CQI for scheduling (MCS selection and UE pairing) can be obtained based on the specific beamforming algorithm and the rank-1 SU-MIMO CQI report. Assuming RZFBF, one possible example of  MU CQI prediction for the 1st UE could be approximated as 
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Note that it is very difficult, if not possible, to perform RZFBF with transmit covariance matrix feedback. This is because RZFBF requires a concatenation of two user’s channel characteristics (H = [H1; H2]), which is unavailable with 
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The additional feedback requirement on top of Rel-8 paradigm is marginal. 

· Rel-8 PMI framework could be re-used, hence no additional change is required.   The Rel-8 2Tx and 4Tx codebooks can be fully reused. For 8Tx, the PMI framework is used in conjunction with the ongoing work on 8Tx codebook design. 

· A finer CQI granularity is beneficial for eNB to predict the post-processing CQI for scheduling. In this contribution we have assumed a 6-bit CQI quantization which is shown to be sufficiently robust. Note that one CQI report is required per sub-band. This is a substantially smaller overhead compared to explicit report, where both the in-phase and quadrature components, for every transmit and receive antenna pair, need to be reliably reported with a sufficiently high accuracy.
4 Simulation Results

In this section link-level performance of a two-user system with (1) short-term covariance, and (2) implicit PMI/CQI report are presented. Single-layer beamforming per UE is assumed. Detailed simulation assumptions are provided in Table 2. 
· For implicit feedback, Rel-8 PUSCH CQI report mode 1-2 (sub-band PMI + wideband CQI) with a sub-band size of 5 RB is assumed.   
· For explicit covariance feedback, 4 diagonal and 6 lower-diagonal components of the 4x4 Hermittian covariance matrix need to be reported. Assuming 5-bit quantization for both I and Q components, this amounts to (4 + 2 * 6) * 5 = 80 bit per sub-band report. 
· Reporting periodicity of N = 5 and 100 subframes are compared. 
	
	Feedback quantity
	Overhead 

	Explicit covariance (short-term)
	4x4 covariance matrix, 5-bit quantization for I/Q components

· 4 diagonal: 4 * 5  = 20bits

· 6 off diagonal: 6 * 2 * 5 = 60 bits
	· 80 bits per subband (5RB) 

· 800 bits for system bandwidth

	Implicit PMI/CQI
	PUSCH mode 1-2 with sub-band size 5 RB.  6-bit CQI assumed
	· 6 + 10 * 4 = 46 for system bandwidth


Table 1: Uplink control channel requirement

A comparison of the requirement on the uplink control channel is given in Table 1. Considering the feedback capacity constraint, implicit information (CQI/PMI) can be reported at a much higher granularity / accuracy than explicit report. 
· Time domain periodicity: Implicit feedback could be more frequently than explicit feedback, achieving a refined time domain granularity and lower effective feedback delay. This is particularly beneficial in medium mobility environment.

· Alternatively, frequency domain granularity of implicit report could be configured higher than explicit report, allowing more frequency-selective scheduling gain and more flexible UE paring.
Nevertheless, the same time/frequency granularity is assumed in the following comparison. 

Figure 1-4 show the link-level sum throughput comparison of implicit vs. explicit feedback. 
· It is observed that the implicit based feedback consistently shows better performance than the short-term covariance matrix feedback, with significantly lower feedback overhead.  
· When practical constraint on the feedback channel is taken into account, implicit report could be configured at a greater time/frequency domain granularity. In this case the performance difference is expected to be more prominent. 
· No floating-point quantization error of the transmit covariance matrix is modeled in the simulation (e.g. R is assumed perfectly known at eNB per each feedback). Impact of quantization could be further studied.
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Fig. 1: V = 3 kph, N = 5ms  



 
Fig. 2: V = 3 kph, N = 100ms
[image: image17.emf]0 2 4 6 8 10 12 14 16 18 20

0

0.5

1

1.5

2

2.5

3

3.5

4

Geomery (dB)

Spectral effiency (bps/Hz)

frequency granularity = 5 RB, time interval = 25ms

 

 

PMI/CQI w/o IRC

Short-term Covariance w/o IRC

PMI/CQI w/ IRC

Short-term Covariance w/ IRC

 [image: image18.emf]0 2 4 6 8 10 12 14 16 18 20

0

0.5

1

1.5

2

2.5

3

3.5

4

Geomery (dB)

Spectral effiency (bps/Hz)

frequency granularity = 5 RB, time interval = 100ms

 

 

PMI/CQI w/o IRC

Short-term Covariance w/o IRC

PMI/CQI w/ IRC

Short-term Covariance w/ IRC


Fig. 3: V = 30 kph, N = 5ms
      


Fig 4: V = 30kph,  N = 100ms
5 Conclusions

In this contribution we compare the performance of multiuser beamforming with different feedback schemes. It is observed that PMI-based implicit feedback shows superior performance than the short-term covariance feedback, under substantially lower feedback overhead.
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Table 2: Simulation Assumptions 
	Parameters
	Setting

	Bandwidth 
	10MHz, 50 RB

	Channel model
	SCM 

	eNB antenna configuration
	4 vertically polarized antennas with 1/2 ( spacing

	UE antenna configuration
	2 vertically polarized antennas with 1/2 ( spacing

	Downlink scheduler
	Scheduling granularity of one sub-frame, wideband scheduling

	Rank-adaptation
	1-layer beamforming per UE, 2 UEs in MU-MIMO

	Feedback delay
	3ms

	Receiver algorithm
	MMSE
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