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1 Introduction

In the agreed CoMP evaluation assumptions [1], four deployment scenarios were defined for CoMP SI evaluation, among which scenario 2 is for homogeneous high power RRHs, and scenario 3 is for heterogeneous networks with low power RRHs within the macro cell coverage. For scenario 2 (including scenario 1 as a special case) and scenario 3, multiple cells cooperate for CoMP processes to a UE. 

Several CoMP sets were described in [1] and [2] for CoMP processing, including CoMP cooperating set and CoMP measurement set. In this contribution, the general issues related to CoMP set management are discussed firstly, and then some considerations on flexible control channel access will be presented.
2 Analysis and Discussion of CoMP Sets 
In [1] and [2], CoMP sets were defined separately from the transmission perspective (as a CoMP cooperating set) and the feedback/measurement perspective (as a CoMP measurement set). In this section, the discussions focus on the necessity of maintaining different CoMP sets for transmission and feedback/measurement, the transparency of CoMP transmission, configuration of feedback, simplicity of maintenance procedure, and so on.

2.1 Cooperating Set and Measurement Set
The relationship between the cooperating set and the measurement set, if both are defined and provided to the UE, depends on:

· A cooperating set which includes the transmission points may be a subset of the measurement set if the CoMP transmission decision at the eNB is solely based on feedback from the UE. When the eNB utilizes uplink transmissions (SRS/DMRS/PUCCH transmission and perhaps with some feedback from the UE) to determine CoMP transmission, no such restriction between the two sets is needed.
· Utilizing channel reciprocity in a TDD system (and maybe in a FDD system under certain conditions), precoding at the eNB may mainly rely on UL SRS, which in a sense trivializes the CoMP measurement set. However, CQI-related feedback from the UE is still important and the reported CQI depends on the cooperating set as well as the actual transmission scheme and the transmission points. Therefore, at least some measurements shall be performed at the UE for each point within the cooperating set. In addition, coordination of SRS among the points within the cooperating set may be introduced to improve the measurement accuracy of SRS.

· Long term RRM measurements such as RSRP/RSRQ may be used to include or remove points into the cooperating set. However, there seems to be no benefit of having short-term measurements and feedback for points outside the cooperating set. 

· Within the measurement set, whether the UE needs to measure and report related channel state information of all the points depends on the feedback scheme defined and configured for the UE. For example, if feedback for each point within the cooperating set is always reported together (i.e., using the same feedback mode, channel, period, etc.), adding a point in the cooperating set (and the measurement set) automatically starts the reporting of its channel state information. If per-point feedback is defined and the feedback for each point is configured separately to allow different feedback mode, channel, period, etc., after adding a point in the cooperating set (and the measurement set), the UE starts to feedback the channel state information of that point only after it receives the related configuration message from the eNB. 
Based on the above discussions, there is no obvious benefit to maintain both measurement set and cooperating set simultaneously. To simplify the CoMP set management, the following is proposed:

Proposal 1: Only one CoMP set is defined and maintained at a UE for CoMP CSI feedback and cooperating assumption. 

2.2 Transmission Point Selection Transparency
CoMP transmission points are a subset of the CoMP cooperating set. The selection of the transmission points is required for Joint Processing (JT, DPS, SSPS) and determined by eNB scheduling. A single transmission point or a set of transmission points within the cooperating set may be selected for transmission at each subframe in case of JT or DPS/SSPS. The selection can be realized at the eNB in a UE transparent or non-transparent manner.
When transmission point selection is performed in a UE transparent manner, some special system design may be needed to avoid the potential collisions on some REs carrying CRS and PDSCH respectively of the involved transmission points: 

· MBSFN subframe with no CRS in PDSCH region is a promising approach, whereas, it requires aligning the MBSFN subframes of all the involved transmission points for a UE, which places restrictions to the system configuration. 
· CRS location alignment among involved transmission points can also eliminate the interference due to CRS and PDSCH collisions for the CoMP JP UEs, while the resultant strong inter-cell interference of CRS will impact the downlink detection and demodulation performance of legacy UEs. Besides, this also adds more restrictions to cell ID planning. 
· As for not using OFDM symbols with CRS, as analyzed in [3] and [4], this approach will inevitably waste resources due to the high percentage of OFDM symbols with CRS in a subframe.  
· Other approaches may introduce considerable changes to the system, so they should be studied further before being considered as candidate solutions. 

In case that transmission point selection is performed in a UE non-transparent manner, a UE is informed of its transmission points by the eNB semi-statically or dynamically. After a UE knows its transmission point in a subframe clearly, it knows the exact locations of CRS of all the involved transmission points. Accordingly:

· One simple approach could be that the eNB maps data symbols only to the REs available at every involved transmission point, these REs are free from the interference of CRS of other transmission points. Of course this still can waste resources, an extreme case would be entire OFDM symbols with CRS are excluded for data transmission when more transmission points join and the CRS of the transmission points occupy different frequency shifts. 
· To reuse some of the REs polluted by CRS of other transmission points may be necessary to improve the spectral efficiency. For example, in case of spatial multiplexing, the polluted REs may be utilized for data transmission; while the REs may not be easily utilized in case of transmission diversity, because a UE needs to combine the received signal from the multiple transmission points like multi-path signals, all the REs carrying data of each transmission point need to be aligned. 

The advantage of non-transparent transmission point selection is that it can solve the CRS-PDSCH collision in a UE specific way which is more flexible. UEs scheduled in a subframe may apply different PDSCH transmission or RE mapping rules depending on their CoMP schemes, their selected transmission points, transmission mode and so on.
Based on the above discussions, the following is proposed:

Proposal 2: Indication of a UE’s transmission points should be considered.
3 Control channel access considerations
When transmissions start, a UE needs to detect its control channels in every subframe for the assignments. More flexibility may be obtained by allowing the UE to monitor multiple points for PDCCH assignments, and/or by cross-point scheduling from one point to assign transmissions from another point. As presented in [5], some of the benefits were dynamic channel quality adaptive scheduling between cells and dynamic data channel load balancing between cells. The benefits may also include load balancing of PDCCH region and more flexible UE pairing for multi-user CoMP scheme as described in the Appendix A. Besides:
· If more than one control signaling point(s) are available, then some of the control signaling point(s) can be replaced /updated easily. Because more points are available: when one is changed, the others are still available and responsible for the PDCCH assignment, which enables the seamless control signaling point(s) update.
· The UL power control information of any point can be indicated by any PDCCH from the control signaling point(s), a corresponding PDCCH from the same point is not required any more, which makes the PDCCH scheduling more flexible due to cross-point scheduling.    

In addition, uplink control signaling transmission may also introduce this concept to explore the flexibility and improved performance to some extent. For example, a UE’s uplink control signaling/data transmission can be targeted to a different point from its corresponding DL point, considering uplink control channel/data channel load balance and the reception power difference at different points.
Proposal 3:  Flexible control channel transmission and access mechanism should be considered.
4 Conclusions
In this contribution, CoMP cooperating and measurement sets are discussed as well as the transparency of transmission point selection and control channel access. The following proposals are given as suggested way forwards:

Proposal 1: Only one CoMP set is defined and maintained at a UE for CoMP CSI feedback and cooperating assumption.
Proposal 2: Indication of a UE’s transmission points should be considered.

Proposal 3: Flexible control channel transmission and access mechanism should be considered.
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Appendix A. Multi-User Pairing and Control Channel Monitoring
For MU-MIMO operation, scheduling information needs to be sent to each of the paired UEs. In single cell MU-MIMO scenarios, this information is sent from the same serving cell of the UEs. The downlink data transmissions, including PDSCH and associated RS (for example, DM-RS), will all be scrambled by the same serving cell ID (and the RNTI associated with each of the PDSCH transmission).

For CoMP operation, for example joint processing, multiple UEs can also paired together for PDSCH transmission using the same time and frequency resource. A UE may be paired with another UE for multi-cell CoMP transmission if their transmissions (PDSCH and the associated RS, for example DM-RS) are scrambled by the same cell ID. Note that relying solely on spatial separation of the DM-RS ports may result in DM-RS pollution which can result in performance degradation especially when a MMSE type of receiver is used. In another word, these transmissions appear to the UEs like from the same cell although they may be transmitted from antennas of multiple cells. In the case that UEs only receive PDCCH from its serving cell and cross-cell scheduling is not supported, only UEs sharing the same serving cell can be paired together even if they have the same cooperating set. In order to enable flexible MU-MIMO pairing between the UEs, it is critical for a UE to be able to receive data transmissions from any cell within its cooperating set.

























































