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1. Introduction
Recent LTE-A discussions about downlink have agreed on three categories of feedback information:
1) Explicit feedback

2) Implicit feedback

3) Channel reciprocity based on SRS

For TDD mode, downlink can acquire channel information through uplink SRS because of channel reciprocity. For CoMP transmission, UE transmit SRS which can be used for CSI estimation at multiple cells. It is necessary to study the usage of multi-cell SRS to support feedback mechanisms in LTE-A downlink transmission.    

In this contribution, we focus on feedback mechanisms for JP CoMP, in which implicit feedback can be enhanced by spatial covariance which obtained by SRS. Then simulation results prove the reasonable extensions to multi-cell CoMP scheme with multi-cell SRS. 
2. Spatial covariance aided PMI implicit feedback scheme
In recent RAN1 conferences, the spatial covariance has been investigated to assist feedback mechanism [1][2]. In MU-MIMO system, the spatial covariance is employed to construct adaptive codebook in order to improve multi-user performance.

In JP CoMP transmission, adjacent cells process the information jointly to realize macro-diversity. For multi-cell implicit feedback, the quantization error is enlarged on account of error exists in single cell codebook. Construction of new codebook for CoMP is one of the efficient solutions to the problem, but it is not compatible to the single cell scenario, and the complexity of UE rises.
The adaptive codebook provided in [3] modifies the original codebook by periodic factor, which cut down the complexity of codebook reconstruction. In this section, we take advantage of adaptive codebook to promote the performance for cell edge users.  

2.1 Spatial covariance aided PMI feedback for CoMP

In TDD, the downlink channel spatial covariance matrix R could be acquired by SRS in uplink. The basal codebook determined by single-cell single-user codebook is adjusted according to channel covariance matrix obtained by SRS. 

Normally, the adaptive codebook is shown as following:
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is modified factor which is a function of R.
For JP CoMP transmission, the local precoding and SFN precoding in [5] are used in this contribution. In the next paragraph, we will introduce covariance information to JP CoMP structure base on the above schemes. 


[image: image4.emf]Cell 1

Cell 2

Cell 3

11

H

21

H

31

H

11

R

21

R

31

R


Fig 1. JP CoMP transmission

The serving cell is Cell 1; Cell 2 and Cell 3 are coordinated cells. UE transmit SRS to coordinated cells to obtain covariance information,
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· For local precoding :
Each cell configures its own adaptive codebook. The codebook of the i-th cell is:
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 is the normalized coefficient. 
· For SFN precoding:
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 is the normalized coefficient.
2.2 Scalable feedback scheme  
In this feedback mechanism, single-cell single-user implicit feedback is as a base, the SRS information is added gradually in line with extension to multi-user or CoMP mode. 

If the UE in the single-cell single-user scenario, eNB determines transmission parameters under PMI or CQI feedback; if UEs in the multi-user single-cell scenario, eNB needs not only PMI information from multi-user, but also needs each user’s SRS to confirm adaptive codebook; if the UE in multi-cell scenario, as well as in CoMP mode, the UE feedbacks multiple PMIs to the serving cell, and sounds multi-cell uplink channel to catch the spatial covariance matrix from different cells, then adaptive codebook is available as described in 2.1 section.    
Proposal: For CoMP user in TDD systems, the feedback mechanism is based upon single-cell implicit feedback, the spatial covariance from multi-cell enhances PMI feedback auxiliary. The covariance information is obtained by SRS.   
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Fig 2. Scalable feedback mechanism
3. Simulation results
As for JP CoMP transmission, we investigate the performance of local precoding and SFN precoding[5] with PMI enhancement by spatial covariance obtained by SRS. 

In this section, we only compare the trend between only PMI feedback and SRS assists PMI feedback methods. For the sake of abbreviating the simulation time and scheduling complexity, the function of HARQ is not startup temporality. 
Table 1: Performance of SRS assists PMI based feedback under Local/MBSFN precoding
	Transmission mode
	SRS period 
	Cell average throughput (bits/s/Hz)
	Cell edge throughput

(bits/s/Hz)
	Gain

	CoMP Local precoding

（PMI）
	n/a
	2.460
	0.01031
	----

	CoMP Local precoding

(PMI+R)
	20ms
	2.5432
	0.0530
	For cell average throughput：3.38%

	
	
	
	
	For cell edge throughput:

414%

	CoMP  SFN

Precoding

(PMI)
	n/a
	2.4651
	0.01174
	----

	CoMP  SFN

Precoding

(PMI+R)
	20ms
	2.6192
	0.0572
	For cell average throughput：6.25%

	
	
	
	
	For cell edge throughput:

387%


From Table 1, simulation results show:

1) Spatial covariance obtained by SRS brings significant performance gain of 4.8~5.15 times over conventional JP precoding scheme which is based on codebook for cell edge users.
2) Spatial covariance obtained by SRS provides slight performance gain of 3.38%~6.25% for cell average users in Uma channel model.
3)  The method of “PMI+R” is suitable for increasing the cell edge throughput.  
4. Conclusions

In this contribution, we considered the feedback enhancement based on implicit feedback added multi-cell SRS information. The spatial covariance from adjacent cells acquired from SRS, then act as modified factor for adaptive codebook in JP CoMP. Preliminary results show that it brings attractive performance gain with small amount of extra overhead.
Therefore, we suggest that the spatial covariance assists PMI implicit feedback and the scalable feedback mechanism based on single-PMI feedback is worth further study.  
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System level simulation parameters

	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 sites, 3Node-Bs, 3 sectors per site

	Inter-site distance
	500m

	Number of UEs in each sector
	10 UE per sector

	Bandwidth
	10MHz

	Total eNB TX power 
	46dBm – 10MHz carrier

	BS antenna gain
	14dBi

	UE antenna gain
	0 dBi

	UE noise figure
	7dB

	Thermal noise density
	-174dBm/Hz

	Distance-dependent path loss
	L=I+37.6log10(R), R in kilometers, I=128.1 for 2GHz

	Minimum distance between UE and cell
	>= 35 meters

	Channel model
	SCME Urban Macro 

	UE speeds of interest
	3km/h

	Number of antenna elements (eNB, UE)
	(2, 2)

	Antenna separation (eNB, UE) 
	(4λ, 0.5λ)

	Duplex scheme
	TDD with 100M frequency distance between uplink and downlink

	Scheduler
	Proportional fair scheduling, Scheduling granularity of one subframe

	Transmission mode
	PMI：based on CQI and PMI feedback in each Subband

PMI+R：based on PMI/CQI feedback and short/long term CSI from SRS

	HARQ
	No HARQ

	Link adaption
	Ideal

	Channel estimation
	Ideal 

	PMI Feedback
	Reporting period: 5 ms 

	MCS feedback delay
	5ms

	Receiver
	Linear MMSE
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