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1. Introduction

In MIMO wireless networks, the network throughput can be significantly improved with efficient interference management techniques. CoMP transmission schemes such as joint processing and coordinated beamforming exploit the spatial degrees of freedom at the transmit side to mitigate interference at the UEs. However this requires accurate information of the channel between a UE and its coordinating eNBs, for all the UEs in the network. This overhead may be enormous and may not justify the performance gain achieved via coordination.  Therefore, an efficient feedback design that performs optimal trade-off between CSI accuracy and feedback overhead is necessary to realize in practice the theoretical gains offered by base station cooperation. 

In this contribution, we evaluate a simple intrasite coordinated beamforming (CoBF) scheme in a homogenous cellular network setup.  Coordinate beamforming/scheduling is interesting since the feedback requirements are relatively low compared to joint processing (JP). However, its performance gain is also expected to be lower compared to JP. The goal of this preliminary study is to evaluate the performance gain offered by intrasite coordinated beamforming with quantified feedback overhead. 

2. CoBF Operation Framework

Measurement
Each UE in the network identifies the two strongest interfering cells apart from the serving cell (collectively called the reporting set) based on RRM measurement (RSRP/RSRQ). The UE then estimates the channels corresponding to the reporting set based on the CSI-RS. It also estimates the long term covariance of noise plus interference from cells outside the reporting set. The UE is configured to include in the reporting set all the cells which are co-located with the serving cell.
Feedback
The serving cell configures the UE to feed back measurements related to a subset of the reporting set, called the cooperating set. For the case of intrasite CoMP, the cooperating and reporting sets are identical. 

The purpose of the UE feedback is to enable the eNB to predict the channel conditions during the PDSCH transmission, which can be modelled as
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where H0 is the channel estimate of the serving cell, H1 and H2 are the channel estimates  of the other cells in the reporting set, and 
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is the noise plus interference vector as estimated by the UE. We denote its estimated covariance by
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The serving cell PMI/CQI is first calculated. Three methods of computing CoMP CQI are provided below. In the first method the interference from the other cells in the reporting set is assumed to be zero. This is based on the assumption that the coordinating cells will avoid transmissions in the interfering directions. The calculated SNR at each time/frequency resource is therefore a function of the serving cell channel, the UE selected PMI, and the covariance of noise outside the reporting set. The SNR is denoted by:
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where the function f(.) depends on the receiver type (MRC/MMSE).
In the second method interference from the reporting set is included with an assumption of isotropic transmission from the interfering cells:
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In the third method it is assumed that coordinated scheduling will eliminate all interference from the reporting set in the direction v0 . Hence and the transmission from the reporting set is assumed equally distributed between all directions that are orthogonal to v0:
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With the above CQI methods, the PMI that maximizes the SNR is determined for each subband and the corresponding SNR value is quantized into a 4-bit MCS value, 
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For the other cells in the reporting set, only PMI/CDI is fed back and the channel magnitude information (Ex. CQI) is not provided. The PMI/CDI is calculated by quantizing the principal eigenvector of the transmit covariance matrix as given in the following:
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The UE then feeds back 
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to the serving cell. The UE feedback therefore consists of PMI/CDI for each of the cells in the reporting set and a CQI for the serving cell. With the Rel. 8 4Tx codebook, the feedback overhead is 16 bits. 
Scheduling and Precoding
For each potential group of UEs, the coordinating precoders are found based on regularized zeroforcing. For the first CQI definition, the scheduler can down-scale the UE provided MCS to reflect the change in precoder direction. The optimal group that maximizes the cluster throughput are scheduled. For the second CQI definition, since interference is already included, scheduling is done independently at each cell. For the group of winning UEs, the coordinating precoders are then computed. 
3. System level results

In the following, we compare 4 feedback/transmission schemes:

1. Conventional Single Cell Scheme

2. Intrasite CoBF with serving cell CQI/PMI (SNR definition 1) and interfering PMIs.

3. Intrasite CoBF with serving cell CQI/PMI (SNR definition 2) and interfering PMIs.

4. Intrasite CoBF with serving cell CQI/PMI (SNR definition 3) and interfering PMIs.

5. Intrasite CoBF with unquantized channel covariance matrices of the reporting set.
	SCM4x2 ULA Rank1, SUMIMO, 
Half Lambda, MMSE
	Average Throughput in

 b/s/Hz (% gain)
	Edge Throughput in

b/s/Hz (% gain)

	Single Cell Transmission
	2.37 (0%)
	0.119 (0%)

	CoBF with CQI method (1)
	2.48 (4.6%)
	0.118 (-1%)

	CoBF with CQI method (2)
	2.57 (8.4%)
	0.119(0%)

	CoBF with CQI method (3)
	  2.52 (6.3%)
	0.122 (2.5%)

	CoBF with Explicit Feedback
	                     2.54(7%)
	0.10 (-16%)


Table 1: Performance gain of intrasite CoMP over the non-CoMP case.

Observations:

1. CoBF with SNR definition (2) provides the best performance, with 8% performance gain over the non-CoMP case.

2. SNR definition (2) is better than (1), implying that there is a significant interference leakage in spite of the CoBF. 
3. Although CoBF with Explicit Feedback consists of unquantized channel covariance feedback, it is slightly inferior to CoBF with CQI method 2.  We see here the gain of the implicit feedback, where the EESM-based link abstraction model used for CQI calculation is consistent with that of the data demodulation. This is not true for explicit feedback. For example, with channel covariance feedback, the instantaneous channel covariance is averaged linearly across various RBs and fed back to eNB. Although this type of feedback provides greater flexibility at eNB in terms of scheduling, precoding and MCS assignment, there is a considerable performance loss because the channel-magnitude information that is conveyed by the linearly-averaged covariance is not consistent with the EESM link abstraction model in SLS.
4. Conclusion

In this contribution, we studied intrasite coordinated beamforming with direction-only feedback for the interfering cells. While the gain from coordinated beamforming is considerable (8%) it is not clear if it is significant enough to warrant twice the feedback overhead. Therefore our view is that the feedback design should also consider joint processing if substantial gains are to be achieved with CoMP. We also recommend that implicit type of feedback be considered as a baseline.
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6. Appendix

SLS Parameters:
	Parameter
	Assumption

	Antenna Configuration
	4 Tx eNB 0. 5 ULA

2-Rx UE 0.5 ULA

	Channel Model
	3GPP case1,  3D , SCM-UMa with low spread

	Traffic Model
	Full Buffer

	Duplex method 
	FDD 10MHz

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

	Number of users 
	10 (on average)

	UE Feedback
	PMI/CQI for serving cell and PMI for interfering cell 

	CoMP Scheme
	Coordinated beamforming and scheduling

	Feedback Granularity
	1 CQI/PMI report for 5RBs

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

UE to Serving Cell Feedback Delay: 5 ms
eNB feedback exchange delay: 0ms

	Scheduler Type
	Proportional fair

	Coordination Precoder
	Regularized zeroforcing

	Rank-adaptation
	No, 1-layer per UE 

	HARQ Scheme
	Chase Combining 

	Maximum number of retransmissions
	3

	OLLA
	Target BLER=10% and warm-up time=1s

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

	Receiver Configuration
	MMSE 

	Overhead
	30.3 % 


� EMBED Equation.3  ���
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