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1   Introduction
In RAN3#87bis meeting, [1] was endorsed as stage 3 baseline CR for inter eNB CoMP. In CSI report IE, the definition of CSI Process Configuration Index IE is FFS.
In this contribution, we analyze how to define the CSI Process Configuration Index IE and provide the TP for baseline CR.
2   Discussion
In current system, an eNB can configure at maximum 4 CSI processes to a UE for each carrier frequency. And there are 32 possible CSI process configurations (named as “CSI reference signal configurations” in [2]). As shown in Annex, for the cell with normal cyclic prefix, there are 32 different CSI reference signal configurations, 0~19 can be used for FDD and TDD system, 20~31 can only be used for TDD system. For the cell with extend cyclic prefix, there are 28 different CSI reference signal configurations, 0~15 can be used for FDD and TDD system, 16~27 can only be used for TDD system. Hence for one FDD cell, there are at maximum 20 CSI reference signal configurations, for TDD cell, there are at maximum 32 CSI reference signal configurations
In current spec, there is no limitation of how many CSI reference signal configurations can be used by all the UEs within a cell, the eNB may configures its UEs to use all the different configurations. As the CSI measurement is controlled by the eNB, the eNB can dynamically change the CSI reference signal configurations configured to each UE via RRC signalling, the resource which was configured to be muted can be used for transmission in the next period.
Conclusion1: for non inter-eNB CoMP case, the eNB may configure UEs to use the 20/32 CSI reference signal configurations in FDD/TDD cell, the resources which were configured to be muted can be used for transmission in the next period. 
But for inter eNB CoMP, things are more complex. In order to allow the neighbour eNBs to configure their UEs to measure the interference from their neighbours, the eNBs have to mute in the resources indicated by the CSI process configurations used by neighbours. As the UEs are served by neighbour eNBs, in order to periodically report the CSI report from the UEs, the eNBs have to mute in these resources all the time during inter-eNB CoMP operation.

Conclusion2: for inter eNB CoMP, the eNBs have to mute in related resources all the time during inter-eNB CoMP operation

As shown in Figure1, the UE1 and UE2 are served by Pico Cell A.
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Figure 1 Pico Cell A, B and C under coverage of Macro Cell M

In order to measure the interference status of UE1, the UE1 can be configured with 3 CSI process, e.g. 
· CSI process 1: to measure the interference from Cell M, in the resource indicated by CSI process configurations X, Cell A, B and C muted, Cell M in transmission. 

· CSI process 2: to measure the interference from Cell B, in the resource indicated by CSI process configurations Y, Cell A, C and M muted, Cell B in transmission.
· CSI process 3: to measure the interference from Cell C, in the resource indicated by CSI process configurations Z, Cell A, B and M muted, Cell C in transmission.
Because cell B, C and M cannot know when the UEs served by cell A will perform the CSI measurement, they will always mute during inter eNB CoMP operation in the related resources indicated by CSI process configurations X, Y and Z during inter eNB CoMP operation.
For UE2, if the Pico Cell A configures the different CSI process configuration L, M and N to UE2, the cell B, C and M will has to be muted in the resources indicated by CSI process configurations L, M and N.

Conclusion3: if the eNB configures lots of different CSI process configurations to different UEs to perform CSI measurement of the interference caused by neighbour cells, the neighbours has to mute during inter eNB CoMP operation in multiple sets of resources indicated by the used CSI process configurations, it is a huge waste of radio resources!
For UE2, if the Pico Cell A configures the same CSI process configurations X, Y and Z to UE2 to measure the interference from cell M, B and C, the neighbours will only need to mute in the resource indicated by configuration X, Y and Z. Although in some deployments, there are multiple neighbour cells for a cell, the highest interfering cell number is not as much as the number of neighbours. 
Conclusion4: considering of the radio resources muted for CSI measurement of neighbour UEs, it is better for the eNB to use the same CSI process configurations to its UEs to measure the same neighbour cells.
On the other hand, the eNB can configure at maximum 4 CSI processes to a UE for each carrier frequency. Assuming 3 of them are configured for neighbour cell interference measurement, if more than 3 cells need to be measured, the eNB may need to re-configure the UEs during a short period, by triggering RRC reconfiguration procedures to all the involved UEs, which will lead to a huge increase of Uu interface signaling.
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Figure2 huge number of RRC signalling over Uu
Conclusion5: if more than 3 neighbour cells need to be measured by the UEs, the eNB may need to re-configure the related UEs during a short period, which will lead to a huge increase of Uu interface signaling.

Proposal: in order to avoid a huge number of muting of radio resources just for inter eNB CoMP CSI measurement, and in order to avoid a potential huge increase of RRC signalling to reconfigure the UEs, the CSI Process Configurations supported for a cell shall be limited to 3, or possibly be extended to a maximum of 7.

3   Conclusion / Proposals
In this contribution, we analyzed the radio resource waste issue of allowing the eNB to configure all the 32 possible CSI process configurations to all its UEs to perform CSI measurement for inter eNB CoMP CSI report, and get the conclusions below:
Conclusion1: for non inter-eNB CoMP case, the eNB may configure UEs to use all of the 20/32 CSI reference signal configurations in FDD/TDD cell. The resources which were configured to be muted for CSI measurement of the interference from neighbours can be used for transmission in the next period. 

Conclusion2: for inter eNB CoMP, the eNBs have to mute in related resources all the time during inter-eNB CoMP operation
Conclusion3: if the eNB configures lots of different CSI process configurations to different UEs to perform CSI measurement of the interference caused by neighbour cells, the neighbours has to mute during inter eNB CoMP operation in multiple sets of resources indicated by the used CSI process configurations, it is a huge waste of radio resources!
Conclusion4: considering of the radio resources muted for CSI measurement of neighbour UEs, it is better for the eNB to use the same CSI process configurations to its UEs to measure the same neighbour cells.

Conclusion5: if more than 3 neighbour cells need to be measured by the UEs, the eNB may need to re-configure the related UEs during a short period, which will lead to a huge increase of Uu interface signaling.
Based on the analyses, we propose:

Proposal: in order to avoid a huge number of muting of radio resources just for inter eNB CoMP CSI measurement, and in order to avoid a potential huge increase of RRC signalling to reconfigure the UEs, the CSI Process Configurations supported for a cell shall be limited to 3, or possibly be extended to a maximum of 7.

And it is proposed to capture the Text Proposal in section 4 into inter eNB CoMP baseline CR.

4   Text Proposal

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..7,…)
	Indicates one of the configured CSI reference signal configurations for all the UEs served by the cell.
 The CSI reference signal configuration is defined in TS36.211[10, table 6.10.5.2-1 and 6.10.5.2-2]

	>>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.


5   Reference
[1] R3-150918 Introduction of enhanced inter-eNB CoMP signalling, Samsung
[2] 3GPP TS 36.211 (E-UTRA)Physical channels and modulation
[3] R3-150558 Open issues for CSI reporting in inter eNB CoMP, Huawei
[4] R3-150723 Discussion on number of CSI processes for Inter eNB CoMP, Ericsson
6   Annex
TS36.211:

The mapping for CSI reference signal configuration 0 is illustrated in Figures 6.10.5.2-1 and 6.10.5.2-2.
Frame structure type 1 is applicable to both full duplex and half duplex FDD.
Frame structure type 2 is applicable to TDD.
Table 6.10.5.2-1: Mapping from CSI reference signal configuration to 
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	Frame structure type 1 and 2
	0
	(9,5)
	0
	(9,5)
	0
	(9,5)
	0

	
	1
	(11,2)
	1
	(11,2)
	1
	(11,2)
	1

	
	2
	(9,2)
	1
	(9,2)
	1
	(9,2)
	1

	
	3
	(7,2)
	1
	(7,2)
	1
	(7,2)
	1

	
	4
	(9,5)
	1
	(9,5)
	1
	(9,5)
	1

	
	5
	(8,5)
	0
	(8,5)
	0
	
	

	
	6
	(10,2)
	1
	(10,2)
	1
	
	

	
	7
	(8,2)
	1
	(8,2)
	1
	
	

	
	8
	(6,2)
	1
	(6,2)
	1
	
	

	
	9
	(8,5)
	1
	(8,5)
	1
	
	

	
	10
	(3,5)
	0
	
	
	
	

	
	11
	(2,5)
	0
	
	
	
	

	
	12
	(5,2)
	1
	
	
	
	

	
	13
	(4,2)
	1
	
	
	
	

	
	14
	(3,2)
	1
	
	
	
	

	
	15
	(2,2)
	1
	
	
	
	

	
	16
	(1,2)
	1
	
	
	
	

	
	17
	(0,2)
	1
	
	
	
	

	
	18
	(3,5)
	1
	
	
	
	

	
	19
	(2,5)
	1
	
	
	
	

	Frame structure type 2 only
	20
	(11,1)
	1
	(11,1)
	1
	(11,1)
	1

	
	21
	(9,1)
	1
	(9,1)
	1
	(9,1)
	1

	
	22
	(7,1)
	1
	(7,1)
	1
	(7,1)
	1

	
	23
	(10,1)
	1
	(10,1)
	1
	
	

	
	24
	(8,1)
	1
	(8,1)
	1
	
	

	
	25
	(6,1)
	1
	(6,1)
	1
	
	

	
	26
	(5,1)
	1
	
	
	
	

	
	27
	(4,1)
	1
	
	
	
	

	
	28
	(3,1)
	1
	
	
	
	

	
	29
	(2,1)
	1
	
	
	
	

	
	30
	(1,1)
	1
	
	
	
	

	
	31
	(0,1)
	1
	
	
	
	


Table 6.10.5.2-2: Mapping from CSI reference signal configuration to 
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	Frame structure type 1 and 2
	0
	(11,4)
	0
	(11,4)
	0
	(11,4)
	0

	
	1
	(9,4)
	0
	(9,4)
	0
	(9,4)
	0

	
	2
	(10,4)
	1
	(10,4)
	1
	(10,4)
	1

	
	3
	(9,4)
	1
	(9,4)
	1
	(9,4)
	1

	
	4
	(5,4)
	0
	(5,4)
	0
	
	

	
	5
	(3,4)
	0
	(3,4)
	0
	
	

	
	6
	(4,4)
	1
	(4,4)
	1
	
	

	
	7
	(3,4)
	1
	(3,4)
	1
	
	

	
	8
	(8,4)
	0
	
	
	
	

	
	9
	(6,4)
	0
	
	
	
	

	
	10
	(2,4)
	0
	
	
	
	

	
	11
	(0,4)
	0
	
	
	
	

	
	12
	(7,4)
	1
	
	
	
	

	
	13
	(6,4)
	1
	
	
	
	

	
	14
	(1,4)
	1
	
	
	
	

	
	15
	(0,4)
	1
	
	
	
	

	Frame structure type 2 only
	16
	(11,1)
	1
	(11,1)
	1
	(11,1)
	1

	
	17
	(10,1)
	1
	(10,1)
	1
	(10,1)
	1

	
	18
	(9,1)
	1
	(9,1)
	1
	(9,1)
	1

	
	19
	(5,1)
	1
	(5,1)
	1
	
	

	
	20
	(4,1)
	1
	(4,1)
	1
	
	

	
	21
	(3,1)
	1
	(3,1)
	

1
	
	

	
	22
	(8,1)
	1
	
	
	
	

	
	23
	(7,1)
	1
	
	
	
	

	
	24
	(6,1)
	1
	
	
	
	

	
	25
	(2,1)
	1
	
	
	
	

	
	26
	(1,1)
	1
	
	
	
	

	
	27
	(0,1)
	1
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Figure 6.10.5.2-1: Mapping of CSI reference signals (CSI configuration 0, normal cyclic prefix)
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Figure 6.10.5.2-2: Mapping of CSI reference signals (CSI configuration 0, extended cyclic prefix)
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