3GPP TSG-RAN WG1 #66







R1-111255

Athens, August  22-27, 2011

Source:
 Marvell

Title:  
 Codebook design for distributed antennas
Agenda Item:      6. 6. 2. 1
Document for:
  Discussion
1. Introduction

CSI enhancement is crucial for MIMO performance regardless of whether the network is homogenous or heterogeneous. It has been agreed in RAN#51 to revisit CSI feedback techniques in the context of geographically separated antennas:
· Identify the need for DL MIMO enhancements, and evaluate such enhancements, applicable to non-uniform network deployments, low-power nodes (including indoor), relay backhaul scenarios, and practical antenna configurations (especially 4 tx, and including geographically-separated antennas i.e. macro-node with low-power RRHs), including:

· Evaluate UE CSI feedback enhancements, including:

· Identify and evaluate techniques for CSI feedback accuracy enhancement, especially for MU-MIMO.

· New codebooks or techniques for codebook selection, modification or update may be included, considering different environments and deployment scenarios.

· Assess the standardisation impact of the studied techniques, including impact on CSI payload sizes. If relevant feedback proposals are not directly implicit in nature, the study of testing aspects should be included. 

To this end, the following has been captured in the RAN1 #65 Chairman notes:
“Baseline for evaluation of gains is Rel-10 TM9 with Rel-10 codebooks / CSI feedback schemes. Details of scheduling algorithm to be described.”
In this contribution, we evaluate the system level performance where in there are two transmission points per macro area (one high power node and one low power node). The existing Rel. 10 codebook based on W1W2 is highly suboptimal when they are directly used for RRHs with 8 antennas in total. This is applicable to scenarios where the UE cannot distinguish the antennas belonging to different transmission points and considers them as collocated. We provide two simple codebook examples that outperform the Rel. 10 codebook in this scenario. The first codebook is a random Gaussian codebook of size 7 bits. The second codebook takes the form W=W1W2 where W1 and W2 have the following structure:
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This codebook can be viewed as a scaled down version of the 8 Tx grid of beams (GOB) codebook. Note that the codebook has 4 bits for W1 and 6 bits for W2. The codebook can be further subsampled without significant performance loss.  The feedback then is equivalent to independent PMI feedback for each of the 4 Tx transmission points and a joint CQI. In the next section, these codebooks are evaluate for wideband and subband feedback and the results indicate the sub-optimality of the Rel. 10 codebook for geographically separated antennas. 
2. System level simulation
We simulate the performance of a heterogeneous network with 57 cells with each cell consisting of a pair of macro and pico transmission points. All the transmission points have four antennas.  The macro and pico nodes can be considered to have the same cell id. Therefore with appropriate CSI-RS pattern, each UE can measure and feedback CSI of the effective 8Tx transmitter. 
The following chart compares the performance advantage of using a random codebook with respect to the Rel. 10 W1W2 codebook for wideband CSI feedback. The random codebook provides more than 20% gain in the edge throughput. The result is expected since the structure for W1W2 structure is optimized only for collocated antennas and does not work well for distributed antennas. 
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Fig. 1 Comparison of Rel. 10 codebook with a random codebook of same size
In the following we compare the performance of subband feedback for the considered codebooks. It can be observed that the simple codebook outperforms the Rel. 10 codebook by 5% on the average throughput and 15% on the edge throughput. We also note that the performance difference can be expected to be higher MU-MIMO since it is more sensitive to the PMI accuracy.
	4x2 SUMIMO, conf1
	All cell avg thput/5% edge thput (bits/s/Hz)
	Gain over Rel. 10 codebook  (%)

	Rel. 10 codebook, EGOB

(4 bits subband, 4 bits wideband)
	2.0081/0.0317
	

	Unquantized Eigenvector per subband
	2.1930/0.0418
	9.2/31.9

	Codebook 2

(5 bits subband, 4 bits wideband)
	2.1086/0.0368
	5.2/16.1

	Codebook 2

(6 bits subband, 4 bits wideband)
	2.1201/0.0376
	5.6/18.6


Table 1: Performance of codebooks in PUSCH 3-2 mode for Conf 1
	4x2 SUMIMO, conf4b
	All cell avg thput/5% edge thput (bits/s/Hz)
	Gain over EGOB(%)

	Rel. 10 codebook, EGOB

(4 bits subband, 4 bits wideband)
	2.5756/0.0386
	

	Unquantized Eigenvector per subband
	2.7123/0.0491
	5.3/27.2

	Codebook 2

(5 bits subband, 4 bits wideband)
	2.6442/0.0436
	2.7/13.0

	Codebook 2

(6 bits subband, 4 bits wideband)
	2.6535/0.0443
	3.0/14.8


Table 2: Performance of codebooks for Conf 4b
3. Conclusions
It may not be possible to design an efficient codebook that performs optimally for both collocated and distributed antennas for different antenna configurations. The overhead of such an all-weather codebook will be extremely high and may not fully exploit the correlation properties of the channel.  In this regard, we propose to

1. Design a new codebook for 4Tx collocated antennas that has the W1W2 structure.

2. Design CSI-RS efficiently so that a UE can feedback PMI for each of the potential geographically separated transmission points.
4. Appendix: 

4.1. Simulation Assumpons

	Parameter
	Assumption

	Antenna Configuration
	4 Tx eNB 0. 5  lambda XPOL per transmission point
2 Rx at UE 0.5 lambda  XPOL

	Deployment Model 
	Conf 1 and Conf 4b, 1 pico cell per macro area

	Traffic Model
	Full Buffer 

	Duplex method 
	FDD 10MHz

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

	UE Feedback
	Implicit 

	Feedback Granularity
	Wideband CQI/PMI report 
Subband CQI/PMI  1 Subband=5RBs

	Feedback Impairments
	Reporting period: 5 ms for PMI/CQI.   

Delay: 5 ms

	DM-RS
	Ideal

	CSI-RS 
	Ideal 

	Scheduler Type
	Proportional fair

	HARQ Scheme
	Chase Combining 

	Maximum number of retransmissions
	3

	OLLA
	On with Target BLER=20% and warm-up time=1s

	Inter-cell interference modelling
	6 strongest interfering cells are explicitly modelled.
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