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1. Introduction

In Rel-11 SI, the CoMP performance gain over single cell MIMO would be evaluated and clarified for various scenarios including both inter-site and intra-site CoMP. For the performance evaluation, we built some simulation assumption including channel estimation/information accuracy [1], and as shown in rel-10 single cell MIMO, the performance of CoMP would highly depends on the accuracy/resolution of channel information which is available at transmission points. 

In Rel-10 CoMP, due to the X2 interface latency and capacity limitations, SRS based downlink channel estimation was under great concern and the utilization of joint beam forming was questionable. In Rel-11, since the CoMP set would be composed by single eNB and multiple RRHs which are connected to the same eNB, we do not need to rely on SRS for downlink channel estimation, and closed loop downlink CoMP would be possible if CSI feedback could be designed with reasonable payload size. In this contribution, to achieve more flexible scheduling and efficient wireless resource management, we assume a new transmission mode which support both single cell MIMO and CoMP, and propose a feedback scheme which reports CSIs of multiple links via PUCCH. 

2. Transmission mode and CSI feedback scheme for Rel-11 downlink CoMP 
We start the discussion with assuming that the same transmission mode would be used to support CoMP either in homogeneous network, or in heterogeneous network. In heterogeneous network, it should be noticed that there is no geometric differences between Pico UEs and CoMP mode UEs. In other words, in heterogeneous network scenarios, most Pico UEs would attain reliable downlink connection from Macro cell, and most Pico UEs would be substantial candidates for CoMP connection. Thus, to achieve more flexibility at scheduling and to provide more efficient wireless resource management, we assume that at least one transmission mode should support dynamic switching between single cell MIMO and CoMP. The feedback mode which supports dynamic switching between CoMP and single cell MIMO should satisfy following two requirements. 
· Payload size at each subframe should not exceed Rel-10 PUCCH payload size

· To support switching between single cell MIMO and CoMP, the impact on serving cell CSI feedback should be minimized.

In this contribution, we design a new feedback mode and satisfy the upper two requirements. The new feedback mode could be defined as a totally new feedback mode, or could be defined as an extension of previously defined feedback mode. – for example, feedback mode 2c. 
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Figure 1. Rel-11 downlink CoMP configured by one eNB and multiple RRHs.

Single layer CSI feedback for non-serving cell downlink 
We are facing the discussion whether UE would performs MMSE detection or IRC reception in CoMP mode. Since we are considering the dynamic switching between single cell MIMO and CoMP, it would be natural to support MMSE reception at UE side where the UE would recognize each stream with the assumption that different information would be received from different layers. Since we start with 2 Rx antenna configurations at UE side, we assume that just single rank transmission would be supported at each transmission point for joint beam forming. And for coordinated beam forming, 
· In homogeneous network macro-site CoMP, since most CoMP UEs would be geometrically located near cell edge, rank 1 CSI reporting would be sufficient to support closed loop downlink transmission from non-serving cell. 

· In heterogeneous network CoMP, since the load balancing or load reduction for Macro cell would be one of the major concerns, CB which request heavier downlink transmission load than JB at the presence of eICIC would not be proper. Thus, at this moment, we assume that only JB is supported in heterogeneous network. 

By these reasons, we assume that each UE reports single layer CSI for non-serving cell and the single layer CSI reporting satisfy the two requirements we suggest. 
Non-serving cell CSI reporting with CoMP set indicator

In the previous release, for aperiodic/periodic subband CSI reporting, we defined UE specific n-subband reporting where the UE selects best n-proper subbands for downlink transmission, and reports the CSI of each subband with subband index in time division manner. We propose the similar feedback mode which reports PMI/CQI for each link with CoMP set index in time division manner. 

When the CoMP set is configured by one eNB and multiple RRHs, since the transmission points which can perform downlink CoMP are fixed, we may define CoMP set index in each CoMP set. The CoMP set index could be defined in cell/set specifically, or UE specifically if the number of cells consisting CoMP set is large. The cyclic CSI feedback for multiple links is illustrated in figure 2.
(a) Mode 2-1 subband CSI reporting in Rel-10
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(b) Multiple links wideband CSI reporting 
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Figure 2. Multiple links CSI reporting for downlink CoMP – time division reporting for UE specific n – selected non-serving cell link.
3. Simulation results 
We assume that the same ‘codebooksubset’ is used for both serving-cell wideband CSI reporting and non-serving cell wideband CSI reporting. Maximum 11 bits for payload size is assumed, and for CoMP transmission or CSI measurement, we assume that one of the dual polarized domains is considered at both eNB and UE side. Most simulation parameters were followed by the simulation assumption we agreed at the last meeting. To reflect the inter-cell-interference control via adaptive resource management – which would be different from FD based Rel-8/9 schemes or TD based Rel-10 eICIC, the evaluation for CoMP should include a scheduling algorithm which is modified for rel-11 CoMP, and with the adaptive management, we expect that CoMP would also increase cell average throughput not only the cell edge throughput. However, even without the modification at scheduler, Macro-site CoMP provides about 40% higher spectral efficiency to lowest 5% throughput UEs, and achieves about 5% cell average throughput gain.

4. Conclusion 
For the macro-site CoMP scenario, we evaluate and compare the performance of wideband CSI reporting CoMP and subband CSI reporting single cell MIMO which would request the same feedback overhead if the number of subband selected for CSI reporting and the number of non-serving cell links selected for CSI reporting would be the same. The simulation results show that cyclic multiple CSI reporting in macro-site CoMP can achieve better system performance than single cell MIMO without increasing the feedback overhead.

Table 1. Overhead and resolution comparison with feedback mode 2-1 
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Table 2. Cell edge/average UE spectral efficiency (bps/Hz)
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