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1
Introduction

Size of the CoMP measurement set has been discussed in the previous meetings and the working assumption from RAN1#69 states that:
· The maximum size of the CoMP measurement set supported in Release 11 is three non-zero power CSI-RS resources

· Introduce a constraint to limit the UE processing requirements when more than a certain number of CSI reports are configured

· FFS what the constraint is 

· FFS what the “certain number” is

As the maximum size of three non-zero power CSI-RS resources potentially results in a vast amount of feedback and in increased UE processing complexity, there is a need to limit the UE processing requirements. In this contribution we discuss the need for limiting the number of CSI processes. In the companion contribution [1] we analyze the CSI feedback processing complexity and requirements at the UE side in more detail.
2
Maximum number of CSI processes
In the following we address the issues of maximum number of CSI processes, following the definition captured during the 69-10 email discussion which states that one “CSI process” is the association of one channel part (one NZP CSI-RS resource from the CoMP measurement set) and one interference part (one interference hypothesis). Hence, the number of CSI processes may be more than the number of points forming a CoMP measurement set. 
In [2] we have discussed in detail the CSI feedback related for two and three CSI-RS resources. From maximum feedback load and the UE complexity point of view the case of CoMP set size three is the point of discussion. 
Observation: 

· The selection of maximum number of CSI processes should take into account the following design details: UE processing complexity, fallback capability of operared schemes with that specific number of CSI processes, performance gains and CoMP schemes operation flexibility, feedback overhead and the availability of all feedback at eNB.

In Table 1 we show the dependency between the number of CSI processes and the CoMP schemes which can be implemented accordingly. In the table we take the agreed assumptions of per point PMI reporting and a CoMP measurement set size n is of maximum of three pointsWe have 
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as the outer CoMP measurement set interference. The following notation is used for the CQI anotation:
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Table 1: Number of CSI processes and implementable schemes.
	1 CSI process
	Scheme
	Process 1
	Good fallback

	
	Single point
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	2 CSI processes
	Scheme
	Process 1
	Process 2
	Good fallback

	
	2 point DPB
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	No

	
	2 point DPS and/or 2 point JT
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	Yes

	
	2 point JT
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	Yes

	3 CSI processes
	Scheme
	Process 1
	Process 2
	Process 3
	Good fallback

	
	3 point DPB
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	No

	
	3 point DPS and/or 3 point JT
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	Yes

	
	 2 point DPB with accurate fallback
	
[image: image25.wmf]10

Re

l

i

CQI


	
[image: image26.wmf]DPB

i

CQI


	
[image: image27.wmf]DPB

i

CQI


	Yes

	
	2 point JT and 2 point DPS
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	Yes

	
	2 point JT and 2 point DPB 
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	No

	
	2 point JT with aggregated CQI
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	Yes

	4 CSI processes
	Scheme
	Process 1
	Process 2
	Process 3
	Process 4
	Good fallback

	
	3 point DPB with accurate fallback
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	Yes

	
	2 point DPS and 2 point DPB 
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	Yes

	
	2 point DPB and 2p JT with accurate fallback
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	Yes

	5 CSI processes
	Scheme
	Process 1
	Process 2
	Process 3
	Process 4
	Process 5
	Good fallback

	
	2 point DPS and 2 point DPB and 2 point JT
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2 CSI processes: 
Two CSI processes enable basic CoMP operation with 2 point cooperation, which has been extensively investigated during Release 11 RAN1 CoMP discussions. The corresponding schemes, DPS and JT, are also benefiting from accurate fallback feedback, which has been seen as a key factor in providing high CoMP performance. 
3 CSI processes: 
Three CSI processes enable a wide range of CoMP schemes and also dynamic CoMP schemes selection. First, three point DPS, JT and DPB are possible. While it has been noted that three point operation is quite unlikely due to the poor hearability of three points, it is a known fact that the third CSI process is mainly used to enable either accurate fallback or accurate JT CQI. For example with three CSI processes one can operate two point DPB with accurate fallback, while also JT with more accurate CQI can be handled. Moreover, some form of dynamic operation of DPS/DPB and JT is possible. In [2]

 REF _Ref331680275 \r \h 
[3]

 REF _Ref331680275 \r \h 
[3] the performance evaluations show good performance for CoMP with two or thee CSI-processes.
4 CSI processes: 

Utilization of four CSI processes over three processes is rather limited, bringing accurate fallback for schemes like 3 point DPB or for dynamic operation of 2 point DPB/JT. 
5 CSI processes: 

Five CSI processes are mainly reflected in more CQIs as the maximum number of PMIs remains three (unless more complicated JT operation is envisioned). The main usability of 5 CSI processes is reflected in more advanced two point operation rather than in utilizing three points. In addition to the obvious increased complexity of the eNB and the UE, the performance benefits are unclear as such schemes have not been evaluated in current studies.
Observation:
· Two CSI processes enable bacic CoMP operation

· Three CSI processes enable accurate two points CoMP schemes as fallback can be provided and more accurate JT CQI if desired. Three CSI process enable also a wide range of three point CoMP schemes.
· The feedback overhead of three CSI processes it is already three times increase compared to Release 10 while the attainable gains are questionable.

· More than three CSI processes seems unjustified from performance point of view, especially when considering UE and eEB complexity and feedback overhead increase. 
UE complexity should be one of the most important factors in deciding the maximum number of CSI processes. As an example, with roughly equal complexity the UE can

· provide per-CSI-RS resource CSI feedback for two CSI-RS resources along with an aggregated CoMP CQI, or

· provide per-CSI-RS resource CSI feedback for two CSI-RS resources along with a second CQI hypothesis for one point, or

· provide only per-CSI-RS resource CSI feedback for three CSI-RS resources with single CQI hypothesis per point
Observation:
· UE CSI feedback processing complexity depends on number of CSI processes rather than number of CoMP measurement set size.
3
Conclusions
In this paper we have discussed on the maximum number of CSI processes, elaborating on the CoMP schemes which can be implemented with various degrees of complexity and feedback load. 
Proposals: 

· Limit the maximum UE processing complexity to equal to three CSI processes.
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