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1 Introduction
In 3GPP RAN1#66 meeting, all CoMP evaluations for CoMP SI have been finished and it was observed that CoMP can offer performance benefits in both homogeneous networks and heterogeneous networks [1].  Following the observations on CoMP performance benefits, it was stated in WID [2] that the work for specifying CoMP support in Rel-11 should focus on
-
Joint transmission (JT)
-
Dynamic point selection(DPS), including dynamic point blanking 
-
Coordinated scheduling/beamforming(CSCB), including dynamic point blanking
In this contribution, we analyze the performance evaluation done in CoMP SI, requirements and applicable scenarios of above different CoMP schemes. 
2 Analysis of different CoMP schemes
Prioritization of specifying CoMP support of different schemes can be based on tradeoffs between performance gain, specification impact and implementation complexity.  Analysis in the following sub-sections is done in these aspects.

2.1 Performance Comparison of CoMP JT, DPS and CSCB
In CoMP evaluation, most of the companies evaluated JT and CSCB.  The evaluation results for scenarios 1 and 2 with 3GPP Case 1 channel under XPOL and ULA antenna configurations are summarized in Tables A1 and A2 in Appendix.   It can be observed that both JT and CSCB can offer performance benefits especially on cell-edge performance.   In most of the cases, the performance gain obtained by JT is higher than CSCB.  In some TDD cases, higher gain is observed with ULA antenna configuration.    
 In the summary of phase 2 evaluation, JT and DPS are grouped together under the category of JP.  Again JP and CSCB provide performance gain.  In a few cases, CSCB and JP show comparable gain but higher gain is usually observed with JP in most of cases.   
Note that all companies used coherent JT as the JT scheme for evaluation.  Some of them (e.g. [6][7][8]) assumed inter-point phase feedback for FDD evaluation to achieve coherent JT.   In both phases 1&2 of evaluation, only a few companies evaluated DPS.  According to [2][3], only two companies evaluated DCS in scenario 2 and only three companies evaluated DPS in scenario 3 or 4.   For the companies who compared results between DPS and JT[4][5],  they show larger gain with JT comparing with DPS alone.  
To summarize, we have the following observations from performance comparison:

1. Among all schemes, JT is evaluated most in both phases 1&2.  Coherent JT is used in CoMP JT evaluations.  

2. Coherent JT provides the higher performance benefits comparing with other evaluated CoMP schemes in most of the cases.
From performance point of view, coherent JT should have the highest priority in CoMP WI.

2.2 Requirements and applicable scenarios of different CoMP schemes

In table 1, we compare different CoMP schemes in terms of desired operating scenarios and requirements in terms of implementation and standardization.  We only highlight some differences here.  There are common potential standardization impacts like multiple CSI configurations, DMRS resources/sequence allocation, etc [9] which are not discussed here. According to the table, coherent JT tends to have more stringent requirements on aspects such as backhaul and calibration.  For JT and DPS, coordination usually requires backhaul with low latency and high capacity, otherwise the gain can vanish [10].   On the other hand, CSCB is less sensitive to delay.
While for feedback, inter-point phase information is needed to get coherent transmission gain.  For all these CoMP schemes, multi-point feedback based on per-point CSI can be used.  Therefore, if per-point feedback plus inter-point phase information is specified, all three schemes can be supported.  
Regarding four CoMP scenarios evaluated in CoMP SI, we should strive to support all scenarios with common feedback framework.   Supporting intra-site CoMP in homogeneous network scenario 1 can be seen as an important scenario [11] as this is the scenario which is mostly ready in current infrastructure.  It is reasonable to make sure this scenario get meaningful CoMP gain.  Evaluation of particular specification support can be done in all scenarios though. 
Table 1 Different requirements and applicable scenarios for JT, DPS and CSCB

	
	JT 
	DPS
	CSCB 

	Feedback 
	For coherent JT, inter-point phase information is needed on top of per-point CSI feedback.  
Aggregated CSI feedback can also be considered
	Per-point CSI feedback can be used.

No inter-point phase information is needed.
	Per-point CSI feedback can be used.

No inter-point phase information is needed.

	PDSCH collision with multi-cell CRS/DL control 
	Need to handle this by transparent or non-transparent approach
	Need to handle this by transparent or non-transparent approach
	No collision issue

	Requirement for backhaul delay and backhaul capacity 
	High
	  High
	Low

	Requirement for inter-point antenna calibration and synchronization
	Coherent JT： High (in order of µs)
Non-coherent JT: Low (≤CP)
	  Low (≤CP)
	Low (≤CP)

	Desired operating scenarios
	Signal strengths of transmission points are similar.  Particularly good for low loaded scenarios in which transmission from extra coordinating points doesn’t create interference to others.
	Fast changing environment -  Together with dynamic blanking, it can achieve dynamic eICIC with fast adaptation to channel/loading situation.
	Correlated environment where beam can be under better controlled (e.g. with more antennas).  Tend to have more benefits on highly loaded scenarios


3 Conclusion

Based on the analysis, we see coherent JT as the preferred DL CoMP scheme as it provides most of the performance gain from CoMP evaluation done in CoMP SI.   There are pros and cons for different CoMP schemes and there are different desired operating scenarios for each CoMP scheme.   To achieve DL CoMP gain in various scenarios, our preference is to:
Strive to specify common feedback framework for coherent JT, DCS and CSCB and consider all four CoMP scenarios.
Appendix

A1  ：Summary of relative performance gain of DL CoMP, 3GPP case1 X-Pol (MU)  with full buffer [1]
	　
	　
	2x2(FDD)
	4x2(FDD)
	2x2(TDD)
	4x2(TDD)
	8x2(TDD)

	
	
	Cell average
	Cell edge
	Cell average
	Cell edge
	Cell average
	Cell edge
	Cell average
	Cell edge
	Cell average
	Cell edge

	Scenario1
	JT
	2.68%
	26.13%
	2.81%
	20.42%
	20.45%
	36.94%
	14.00%
	29.37%
	7.94%
	16.09%

	
	CSCB
	2.38%
	4.35%
	1.00%
	4.11%
	3.37%
	8.66%
	4.92%
	12.15%
	3.27%
	10.15%

	Scenario2
	JT 
	4.07%
	40.72%
	8.70%
	31.35%
	33.26%
	65.12%
	21.12%
	55.26%
	24.43%
	27.38%

	
	CSCB
	3.71%
	5.17%
	3.63%
	11.66%
	2.68%
	11.22%
	2.28%
	10.62%
	4.63%
	20.27%

	
	DCS-SU  (vs SU)
	1.69%
	2.01%
	18.33%
	41.04%
	
	
	
	
	
	


A2： Summary of relative performance gain of DL CoMP, 3GPP case1 ULA (MU) with full buffer [1]
	　
	　
	2x2(FDD)
	4x2(FDD)
	2x2(TDD)
	4x2(TDD)
	8x2(TDD)

	
	
	Cell average
	Cell edge
	Cell average
	Cell edge
	Cell average
	Cell edge
	Cell average
	Cell edge
	Cell average
	Cell edge

	Scenario1
	JT
	11.80%
	36.94%
	12.52%
	29.06%
	35.01%
	61.48%
	30.96%
	41.04%
	23.67%
	50.23%

	
	CSCB
	5.25%
	10.36%
	5.06%
	11.47%
	11.63%
	7.92%
	14.12%
	21.91%
	14.93%
	24.30%

	Scenario2
	JT
	11.78%
	56.38%
	12.49%
	42.53%
	12.48%
	11.04%
	11.46%
	19.22%
	12.74%
	18.43%

	
	CSCB
	5.61%
	14.70%
	4.75%
	13.90%
	35.80%
	75.90%
	33.20%
	55.16%
	27.57%
	41.62%


A3： Summary of relative performance gain of DL CoMP in heterogeneous network in scenarios 3 and 4 [1]
	　
	　
	Config 1 (FDD)
	Config 4b (FDD)
	Config1(TDD)
	Config 4b (TDD)

	
	
	Macro Cell average
	5% worst user
	Macro Cell average
	5% worst user
	Macro Cell average
	5% worst user
	Macro Cell average
	5% worst user

	Relative Gain vs HetNet without eICIC 
	JP
	3.3%
	25.7%
	6.2%
	29.0%
	9.5%
	24.6%
	12.8%
	33.2%

	
	CSCB
	5.1%
	25.2%
	5.2%
	30.1%
	6.4%
	17.8%
	10.2%
	27.8%

	Relative Gain vs HetNet with eICIC 
	JP
	 3.3%
	52.0%
	2.3%
	42.9%
	10.6%
	11.4%
	6.5%
	7.4%

	
	CSCB
	3.2%
	17.4%
	1.6%
	17.6%
	7.0%
	5.2%
	2.8%
	2.5%
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