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1 Introduction
In last meeting, it was agreed to transmit the CSI Process Configuration Index in CSI report. The CSI Process Configuration Index is configured by O&M. The maximum value of CSI Process Configuration index is still open. This contribution analyzed which value is reasonable and future proof.
2 Discussion 
In RAN1 specification [1], there are the following cases for CSI-RS configuration. 

· FDD       Normal CP         20

· TDD       Normal CP         32

· FDD       Extended CP      16

· TDD       Extended CP      28
For Frame structure type 1 and 2, each cell can configure CSI processes using physical resources referred above. As the CSI-RS and CSI-IM configurations are resources indicated by combination of frequency domain resource (up to 32) and subframe configuration(up to 154, periodicity from 5 to 80 subframes), air resources can be configured not to consume so much overhead while providing CoMP benefit to the network. Each UE can be configured up to 4 CSI processes among (m x n) possible configurations. Where m is up to three configurations for which the UE shall assume non-zero transmission power for the CSI-RS. 'n' is total CSI-IM configurations for which the UE shall assume zero or non-zero transmission power.
A centralized coordinator for inter-eNB CoMP operation can be connected to hundreds of cells. The larger the number of cells coordinated by one coordinator, the more cell edge benefit is achieved. The large coordination area makes uncoordinated cell borders thinner. In this large coordination area, each cell can configure same resource to indicate different cell's interference condition where geographically separated and signals not reached.
When considering the maximum number of CSI Process Configuration Index, not only homogenous scenario but also dense deployment of small cell in the macro cell area for capacity and coverage extension should be considered as well. Small cell scenario was one that showed higher CoMP gain from several companies.
32 is not a large number for configurations per cell in the consideration of down link resource overhead for CoMP operation. RAN1 specification allows larger number of configurations than 32 for inter-eNB CoMP. From protocol point of view, the number of configurations should be not restricted too much. To utilize the given resources is vendor's ability to meet operator's requirement within standard boundary. Vendors have their own algorithms. No one is going to make a system with high overhead and low gain. The configurations will be designed optimally according to each operator’s request. There is noticeable gain of inter-eNB CoMP with the number of CSI process configuration as reasonable such as linear order of neighbor cells without much overhead. 

In [3], 3 CSI Process Configuration number was proposed. To achieve this conclusion, the following assumptions were assumed which are not reasonable.

· 3 CSI processes per cell was not an agreement in RAN1.
· All the combination of CSI-IM is considered. It is extreme case. In reality, we don't need to make all the combination of IMR resources.

· The number of CSI process configuration can be configured as a linear order of neighbor cells, not exponential. The performance with linear order of configurations with UE RSRP was shown with little degradation in RAN1 [4]. As cell-specific configuration is used, overhead increases linearly, not exponentially.
· RAN1 simulation is one simulation case in homogeneous network, where intra-site interference is dominant so that 3 CSI processes to measure intra-site interference were enough to show noticeable result. We need to consider a densely deployed case in dense urban where more than dozens of high interfering cells detected in a cell. Also various antenna tilt, height, and azimuth make more complicated interference environment in real deployment. Another consideration is small cell deployment. Number of small cells could be deployed inside a macro site.
In [5], 7 CSI Process Configuration index was proposed considering the overhead. Not all scenarios were considered in this analysis. According to the CoMP discussion in RAN1[6], 4 pico cells in macro coverage is a baseline. 10 pico cells in macro coverage was also one agreed scenario. In the case of 4 pico cells in a macro cell area, there are at least 10 neighbor cells to which handover are possible. Then at least 10 + 1(serving) = 11 configurations are necessary. In the case of 10 pico cells in a macro are, 6 macro neighbor + 10 pico +1 serving cell = 17 configurations are necessary. This is how to utilize CSI configurations proportional to the number of neighbor cells, not exponential. As the configurations are not needed to be configured in a subframe, low resource overhead could be managed with help of RSRP. It is obvious that the maximum number of 7 is not enough.
In summary, 32 CSI Process Configuration index is a reasonable value from standard point of view. It doesn’t mean 32 will be used in all scenarios or vendors. It allows the operator and vendor to use this value in some scenarios using smart algorithm in order to improve the gain of inter-eNB CoMP.

Proposal 1: The maximum number of CSI Process Configuration Index is 32.
3 TP
9.2.aa
CSI Report
This IE provides CSI reports of UEs served by the sending eNB.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	CSI Report per UE
	
	1 .. <maxUEReport>
	
	

	>UE ID
	M
	
	BIT STRING (SIZE(16))
	ID of the UE served by the cell in eNB2.

	>CSI Report per CSI Process
	
	1 .. <maxCSIProcess>
	
	

	>>CSI Process Configuration Index
	M
	
	INTEGER (1..32, …)
	Indicates a specific CSI process configuration of the cell. 

	>>RI
	M
	
	INTEGER (1..8, …)
	Encoded in TS 36.213 [11].

	>>Wideband CQI
	M
	
	9.2.bb
	

	>>Subband CQI List
	
	0 .. <maxSubband>
	
	

	>>>Subband CQI
	
	1
	9.2.cc
	

	>>>Subband Definition 
	
	
	FFS
	


	Range bound
	Explanation

	maxUEReport
	Maximum number of UE. Value is 128.

	maxCSIProcess
	Maximum number of CSI processes per UE. The value is 4.

	maxSubband
	Maximum number of subbands. The value is FFS.


4 Conclusion
It is proposed to agree the TP as above.
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