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1 Introduction

After RAN1#66 meeting CoMP TR [1] was approved. The agreed CoMP WID proposes the following focus of the CoMP work during Rel-11: 
“The work for specifying CoMP support in Rel-11 should focus on

•             Joint transmission

•             Dynamic point selection, including dynamic point blanking

•             Coordinated scheduling/beamforming, including dynamic point blanking”
In this contribution we discuss the above schemes assuming Rel. 10 RI/PMI/CQI -type of feedback, thus implicit feedback calculated with single-user MIMO transmission assumption.
2 Scope of the CoMP WI

The agreed CoMP WI targets specification of intra- and inter-cell DL CoMP operating in homogeneous and heterogeneous configurations. Four main scenarios have been studied so far: intra-site (scenario 1), inter-site with high power RRH (scenario 2), low power RRH within the coverage of the macro cell, without and with the same cell ID (scenarios 3 and 4, respectively). CoMP WI addresses both FDD and TDD, hence unified solutions should be targeted, as it is always the case in LTE specifications. The RAN1#66 meeting ended with two proposals [3]
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[4], which can be mainly summarized as follows: Scenario 1 is seen as a first priority by the operators, and several companies believe JT is a suitable scheme for this scenario [4]. The gains referenced in [4] are averages over 7 sources from Phase 1 CoMP evaluations which have used different assumptions e.g. for feedback ranging from Rel. 10 feedback to ideal LA or explicit covariance feedback. In addition, DPS/CS type of schemes are seen more appealing across all scenarios and are proposed as a priority investigation for Release 11 [3]. 
Reminding the fact that specifications are not written according to scenarios, it should be carefully identified what implications are due to a specific CoMP scheme specification across all four scenarios. Also, when comparing the different CoMP scemes, careful consideration should be given to the assumptions on feedback that should be Rel. 10 single user operation -based, to the reference scheme, and to added complexity to UE and network. 
Proposal: Identify the tradeoffs of specific CoMP schemes specification across all four scenarios while carefully considering realistic feedback assumptions, reference schemes and practical implications to the system.   
3 Schemes and scenarios

Joint transmission

Joint transmission is used to improve the cell edge user performance by transmitting the same data from multiple transmission points. JT is in principle eligible in all scenarios 1, 2, 3, 4. In terms of per user feedback SU-JT requires per point PMIs, possible inter-point combiner(s) and per point CQIs or a serving point CQI together with an aggregated CQI. MU-JT suffers from lack of closed form precoder with per point power constraint; from this perspective it is a less appealing solution. The whole SU-JT feedback is sensitive to time misalignments, delays, while the feedback accuracy needs to be high. As gains have been reported for JT in TDD based on reciprocity, it is unclear how we can define JT operation without having a unified solution for both FDD and TDD. Nevertheless, in terms of standardization impact, JT may be ranked as requiring the most significant changes. 
Dynamic point selection (including dynamic point blanking)
DPS may be achieved by allowing the UE to indicate the preferred point for transmission (in a CoMP set) and also a muting pattern. Other option is that each point selection implies the muting, e.g. other points in that set mute. Key point is that the UE is able to take the possible muting into account in the point selection. Selection/muting can be per subframe or per PRB. In scenario 1 the dynamic point selection may be performed across the sectors of the cell, while in scenario 2 the DPS (blanking) is done between the points of the CoMP set. In HetNet scenarios 3 and 4, DPS is typically performed between macro and pico RRH, while the mechanism of cell range expansion may be further utilized in increasing the potential gains of muting. Compared to JT, DPS does not require aggregated feedback nor inter-point combiners. Cell selection/muting indication needs to be considered in the feedback design.
Coordinated scheduling/beamforming (including dynamic point blanking)
Based on UE feedback the eNBs in the CoMP set coordinate the scheduling decisions and dynamic blanking to avoid high interference. If the CS/BF + blanking is transparent to the UE, the scheduler needs to adapt the CQI accordingly especially in case of muting if the simplest feedback assumption is used. Other option is to have a CS/BF/muting -specific CQI that indicates the SINR improvement estimated by UE from CS/BF/muting.
4 Discussion
In Table 1, we summarize some key points of CoMP schemes which we believe should be further taken into account. 
· Proposal: Further prioritization of the schemes should be done after the scalability across scenarios, needed feedback and feedback sensitivity as well as standardization effort have been clarified. 
Table 1 Summary of CoMP schemes for Rel. 11.
	
	JT
	DPS + muting
	CS/CB + muting

	Feedback*
	1) Per point PMI/CQI (+ comb)
2) Per point PMI (+comb) + aggr. CQI + serving point CQI
3) Aggr. PMI/CQI + serving point PMI/CQI
	Per point PMI/CQI + selection on TP + possible muting indication
	Per point PMI/CQI or CS/CB + muting specific additional feedback

	UE complexity
	Channel estimation on per point CSI-RS or aggregated single CSI-RS pattern; + additional combiner computation + CQI computation.
	Channel estimation on per point CSI-RS + CQI computation (which may include the muting options).
	Channel estimation on serving point CSI-RS + CQI computation (which may include the muting options). 

	Scalability over scenarios
	Possible with per point feedback, more difficult with aggregated feedback
	Possible
	Possible

	Cons
	Sensitive to synchronization errors and timing misalignment, most complex to UE, per-point power constraints
	Like JT needs to have data available at multiple points
	Not obvious how to derive post scheduling CQI.


*all schemes assume implicit feedback.
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