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1 Introduction

Following RAN1 email discussions, the work for specifying CoMP in Rel-11 should focus on Joint Transmission (JT), Dynamic Point Selection (DPS) including Dynamic Point Blanking (DPB), and Coordinated Scheduling/Beamforming (CS/CB) including DPB, with no priority given. In general, if we consider all these schemes without prioritization, the specification efforts needed will be too high within the Rel-11 timeframe. Thus in this contribution, we provide a high-level view on the aforementioned CoMP schemes with our recommendations.
2 Comparison of DL CoMP candidate schemes
In this section, we further divide JT into SU-JT and MU-JT, since SU-JT follows a coordination principle different from MU-JT. According to the outcome of RAN1 email discussion, SU-JT is defined as a scheme where multiple transmission points can only serve one UE at a time on a given subband, while MU-JT can serve multiple UEs.
2.1 System throughput
Concerning system throughput gains, including cell-edge throughput and cell-average throughput:
· SU-JT: can only provide cell-edge throughput gain [1]. The multi-point beamforming gain is achieved at the cost that multiple RBs belonging to different points are occupied by the same UE.
· MU-JT: can suppress inter-point interference by employing global precoding with the aid of optimized UE pairing. The global precoding gain and multi-user gain is achieved, while the resources are multiplexed at different points. It was observed in academic paper [2] that MU-JT has potentially a very large gain. Furthermore, In many contributions [3][4], it has been proved that MU-JT has a much larger gain than other DL CoMP schemes in Scenario 1, and also in Scenario 2 if inter-site backhaul constraints are neglected (whose impact is under study in RAN1). On the other hand, non-uniform antenna locations in Scenario 3/4 might degrade the attainable gain of JT due to factors such as large phase rotation and/or received power imbalance. But this could be significantly mitigated by introducing optimized codebooks. It has been observed in many evaluations, such as [5], that MU-JT can provide significant gain in Scenarios 3/4 with perfect transmit CSI knowledge.
· DPS: can achieve transmission antenna selection gain, especially in non-uniform networks. Similar to MU-JT, antenna selection gain can be achieved with the resources multiplexed by different points.
· CS/CB: coordinates the inter-point interference through local precoding or joint scheduling. The beamforming switch gain or multi-user gain is achieved with resource multiplexing for different points.

2.2 CSI feedback impairment

Firstly, we focus on the CSI feedback impairment caused by quantization accuracy of codebook. Multi-user operations (in MU-JT, DPS and CS/CB) and global precoding (in MU-JT) are more sensitive to CSI feedback impairment than single-user operation (in SU-JT) and local precoding (in SU-JT, DPS and CS/CB), respectively. More specifically, MU-JT is most sensitive to CSI feedback impairment, while SU-JT is least sensitive, while DPS and CS/CB are in the middle between the two JT schemes. The reason why multi-user operation is more sensitive to CSI feedback impairment than single-user operation is that TPs need to mitigate inter-point interference as much as possible without any direct cooperation among UEs. However, in the large system the multi-user gain would significantly compensate the loss from CSI feedback impairment, e.g. it has been observed that even with the low-granularity 2Tx/4Tx codebooks in Rel-8/9/10 MU-MIMO still has a higher performance than SU-MIMO. Furthermore, the quantization accuracy of codebook will be improved in Rel-11 which would make this issue less critical for MU-JT.
Secondly, the transmission delay of wireless signals from geographically separated antennas at different transmission points requires the employment of extended CP, resulting in increased frequency selectivity. Such timing issues inflict CSI feedback impairment. Dynamic switching between MU-JT and SU-JT can mitigate this issue. For instance, employing subband or finer feedback in frequency domain can be considered as a trigger for MU-JT, otherwise SU-JT can be triggered.
From the above two perspectives, our most preferred scheme is JT, including both SU-JT and MU-JT. The major pros/cons of JT and proposed solutions to the issues are summarized below:

· Pros: It has been shown in CoMP SI phase that JT, especially MU-JT, has significant gains in Scenarios 1/2.
· Cons: The performance of JT in Scenarios 3/4 might degrade because of large phase rotation and/or received power imbalance. Furthermore, MU-JT is sensitive to CSI feedback impairment.
· Solutions to cons: The phase rotation and power imbalance issues in Scenarios 3/4 may be effectively mitigated by well-designed codebooks. The impacts from CSI impairments can be compensated by multi-user gains, further CSI feedback enhancement, and/or smart dynamic switching between MU-JT and SU-JT.
Therefore, we propose that JT should be considered as high priority in Rel-11 CoMP WI. Furthermore, as another scheme belonging to the Joint Processing (JP) category, DPS can provide a promising gain in Scenarios 3/4 [6][7] and is less sensitive to CSI feedback impairment than JT. We also consider it as a promising technique for Scenarios 3/4.
3 Standardization impact

Based on the functions provided by TM9 in Rel-10, the precoding and single/multi-user operations can be transparent for a CoMP UE. Thus, in our view, the specification impacts of JT mainly include CSI feedback enhancement [10] and downlink signaling enhancement [8][9]. As far as feedback is concerned, the main specification impact of JT is the large phase rotation and/or received power imbalance among transmission points. According to our analysis of feedback schemes [10], per-point feedback is preferred, which may be standardized by inter-point phase and per-point CQI. The inter-point phase can be for instance quantized as [1, -1, j, -j].
According to [11], DPS and CS/CB only use local precoding. Thus, both of them would have little performance degradation without inter-point phase. For DPS, UE needs to report its most favorite transmission point. In this case, per-point CQI is preferred, which can support the dynamic switching between JT and DPS. A unified per-point feedback with per-point CQI and inter-point phase should be standardized for JT and DPS.
4 Conclusion
Following our discussions above, we propose that:

Proposal 1: The priority of JT (including SU/MU-JT) should be higher than other CoMP schemes in Rel-11 WI.

Proposal 2: The priority of DPS should be higher than CS/CB.

Proposal 3: A unified per-point feedback could be defined for JT and DPS in Rel-11.
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