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1   Introduction
In [1] it was explained that CSI processes for Inter eNB CoMP need opportune coordination if frequent RRC signalling and loss in system capacity has to be avoided. This is a main issue to tackle in the Enhanced Signalling for Inter eNB CoMP WI, which has as one of its objectives that of specifying signalling of CSI measurements between eNBs. 
In this paper a discussion on how to achieve a solution addressing signalling of CSI measurements for the Enhanced Signalling for Inter eNB CoMP WI is presented.
2   Signalling solution for CSI measurements reports
In [1] it was explained that CSI reporting in Inter eNB CoMP leads to the issue of excessive RRC signalling due to frequent changes in CSI IMs as well as the issue of capacity losses due to very large resource overhead needed to configure CSI IM processes. A third issue that would affect the X2 interface quite directly would be the excessive amount of CSI measurements to be reported via backhaul. Indeed, according to [3], signalling of CSI measurements may account for throughput over X2 of about 6.5Mbps. Therefore, the three following problems can be identified and should be addressed when designing a solution for CSI reporting in inter eNB CoMP:

1. Loss of capacity (i.e. reduced data channel resources) due to configuration of numerous CSI IM resources for each neighbouring cells combination

2. Scalability problems due to frequent over the air RRC signalling for CSI IM configuration

3. Scalability problems due to large amount of CSI related data to be signalled over X2

The problems above can be all solved by following one design principle: limit the number of cells and CSI IMs used to configure CSI processes for all UEs in a cell.
Indeed the above approach was already presented in [2], where it was confirmed that:

“Observation 1:

UE specific CSI process configuration can provide channel status information that is more optimized for centralized coordination but requires relatively higher signalling overhead for exchanging CSI configuration between eNBs”

And where it was stated that:

“Observation 2:

· Signalling overhead for providing CSI configuration assumptions can be significantly reduced by the eNB-specific CSI process configuration and measurement reports of neighbouring cells from individual UEs.

·  Furthermore, the wireless overhead required for such an eNB specific CSI process configuration would be quite low. 
· In fact, the wireless overhead for the configuration of the 3 eNB specific CSI processes are identical to that of intra-eNB CoMP.”
In fact, by limiting the amount of CSI IMs used in a cell to a small number, the constraints on PDSCH scheduling in the CoMP cluster cells will be reduced (due to the need for less CSI-RS resources). This will improve the spectral efficiency of the eCoMP solution. 
Further, by limiting the number of CSI IMs used in a cell to a number that can be handled via a single RRC configuration, it would be possible to greatly reduce the amount of RRC signalling. If CSI IMs are limited to 3, as proposed in [2], there would be no need to perform per UE RRC reconfigurations of CSI processes at all. 
In fact, the CSI IM configuration then can be interpreted as a cell specific CSI IM configuration rather than a UE specific CSI IM configuration. 

Further, limiting the number of CSI IM would also allow less reporting over the air, as the combination of cells for which interference is monitored is reduced to a lower number, and it would limit the amount of CSI measurements that needs to be signalled over X2.

Therefore, in line with the observations in [2] the following is proposed:

Proposal 1: It is proposed that the signalling solution for CSI measurement report for Inter eNB CoMP is based on a limit of 3 CSI IM per cell. 

In order to achieve Proposal 1, it is important to design a signalling message for reporting of CSI measurements where the CSI IM configurations are specified as cell specific, namely they are the same for all UEs within a cell. For this purpose let’s assume we have 3 cells to consider for CSI measurements in inter eNB CoMP. Such cells will be Cell1, Cell2 and Cell3. 

A cell common description of the 3 CSI IM configurations used would need to specify whether each of these cells are transmitting or not transmitting for each corresponding CSI IM. The latter is summarised in Table 1, where the CSI IMs adopted for all UEs in e.g. Cell1 is described.
	
	Cell 1
	Cell 2
	Cell 3

	CSI IM A
	Non Transmitting
	Transmitting
	Transmitting

	CSI IM B
	Non Transmitting
	Non Transmitting
	Transmitting

	CSI IM C
	Non Transmitting
	Transmitting
	Non Transmitting


Table 1: Example of CSI IM configuration for one cell in the CoMP cluster

With respect to Table 1 and assuming that Cell1 is the serving cell for UEs configured with CSI IMs in the table, one possibility could be that Cell2 and Cell3 are the strongest and second strongest interferers for UEs in Cell1. Hence, the CSI IMs would provide measurements on the interference generated by both Cell2 and Cell3, as well as the interference generated by Cell2 alone and Cell3 alone.
In signalling terms, the configuration shown in Table 1 may be achieved as follows.
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Figure 1: Signalling exchange to enable configuration of the CSI processes used for CSI Measurement Reports

In Figure 1, eNB1 requests eNB2 to report CSI Measurements via the RESOURCE STATUS REQUEST message.

eNB2 responds with the RESOURCE STATUS RESPONSE message, including the CSI IM process configuration selected for the cell where measurements will be collected.
When reporting CSI measurements, eNB2 will include an index that will indicate to which CSI IM the results corresponds to.

The above corresponds to the summary of changes reported below as text proposal: 

---------------------------------------Beginning of Changes------------------------------------------
9.1.2.11
RESOURCE STATUS REQUEST
This message is sent by an eNB1 to neighbouring eNB2 to initiate the requested measurement according to the parameters given in the message. 

Direction: eNB1 ( eNB2.

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

	Message Type
	M
	
	9.2.13
	
	YES
	reject

	eNB1 Measurement ID
	M
	
	INTEGER (1..4095,...)
	Allocated by eNB1
	YES
	reject

	eNB2 Measurement ID
	C-ifRegistrationRequestStop
	
	INTEGER (1..4095,...)
	Allocated by eNB2
	YES
	ignore

	Registration Request
	M
	
	ENUMERATED(start, stop,

…)
	A value set to “stop”, indicates a request to stop all cells measurements.
	YES
	reject

	Report Characteristics
	O
	
	BITSTRING

(SIZE(32))
	Each position in the bitmap indicates measurement object the eNB2 is requested to report.

First Bit = PRB Periodic,

Second Bit = TNL load Ind Periodic,

Third Bit = HW Load Ind Periodic,

Fourth Bit = Composite Available Capacity Periodic, this bit should be set to 1 if at least one of the First, Second or Third bits is set to 1,

Fifth Bit = ABS Status Periodic,

Sixth Bit = RSRP Measurement Report Periodic, 
Xth Bit = CSI Report.

Other bits shall be ignored by the eNB2.
	YES
	reject

	Cell To Report
	
	1
	
	Cell ID list for which measurement is needed
	YES
	ignore

	>Cell To Report Item
	
	1 .. <maxCellineNB>
	
	
	EACH
	ignore

	>>Cell ID
	M
	
	ECGI

9.2.14
	
	–
	–

	Reporting Periodicity
	O
	
	ENUMERATED(1000ms, 2000ms, 5000ms,10000ms, …)
	Periodicity that can be used for reporting of PRB Periodic, TNL Load Ind Periodic, HW Load Ind Periodic, Composite Available Capacity Periodic or ABS Status Periodic.
	YES
	ignore

	Partial Success Indicator
	O
	
	ENUMERATED(partial success allowed, ...)
	Included if partial success is allowed
	YES
	ignore

	Reporting Periodicity of RSRP Measurement Report
	O
	
	ENUMERATED(120ms, 240ms, 480ms, 640ms, ...)
	Periodicity that can be used for the reporting of RSRP Measurement Report Periodic.
	YES
	ignore


	Range bound
	Explanation

	maxCellineNB
	Maximum no. cells that can be served by an eNB. Value is 256.


	Condition
	Explanation

	ifRegistrationRequestStop
	This IE shall be present if the Registration Request IE is set to the value “stop”.


9.1.2.12
RESOURCE STATUS RESPONSE
This message is sent by the eNB2 to indicate that the requested measurement, for all or for a subset of the measurement objects included in the measurement is successfully initiated.

Direction: eNB2 ( eNB1.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.13
	
	YES
	reject

	eNB1 Measurement ID
	M
	
	INTEGER (1..4095,...)
	Allocated by eNB1
	YES
	reject

	eNB2 Measurement ID
	M
	
	INTEGER (1..4095,...)
	Allocated by eNB2
	YES
	reject

	Criticality Diagnostics
	O
	
	9.2.7
	
	YES
	ignore

	Measurement Initiation Result
	
	0..1
	
	List of all cells in which measurement objects were requested, included when indicating partial success
	YES
	ignore

	>Measurement Initiation Result Item
	
	1 .. <maxCellineNB>
	
	
	EACH
	ignore

	>>Cell ID
	M
	
	ECGI

9.2.14
	
	–
	–

	>>Measurement Failure Cause List
	
	0..1
	
	Indicates that eNB2 could not initiate the measurement for at least one of the requested measurement objects in the cell
	–
	–

	>>>Measurement Failure Cause Item
	
	1 .. <maxFailedMeasObjects>
	
	
	EACH
	ignore

	>>>>Measurement Failed Report Characteristics
	M
	
	BITSTRING

(SIZE(32))
	Each position in the bitmap indicates measurement object that failed to be initiated in the eNB2. First Bit = PRB Periodic,

Second Bit = TNL load Ind Periodic,

Third Bit = HW Load Ind Periodic,

Fourth Bit = Composite Available Capacity Periodic,

Fifth Bit = ABS Status Periodic,

Sixth Bit = RSRP Measurement Report Periodic.

Other bits shall be ignored by the eNB1.
	–
	–

	>>>>Cause
	M
	
	9.2.6
	Failure cause for measurement objects for which the measurement cannot be initiated
	–
	–

	>>CSI Process Configuration Item
	C-

ifCSIReportRequested
	1 .. <maxCSIProcesses>
	
	
	
	

	>>>Cell ID 1
	M
	
	ECGI

9.2.14
	
	
	

	>>>Cell ID 1 Transmission Mode
	M
	
	ENUMERATED(Transmitting, Not-Transmitting,, …)
	
	
	

	>>>Cell ID 2
	M
	
	ECGI

9.2.14
	
	
	

	>>>Cell ID 2 Transmission Mode
	M
	
	ENUMERATED(Transmitting, Not-Transmitting,, …)
	
	
	

	>>>Cell ID 3
	M
	
	ECGI

9.2.14
	
	
	

	>>>Cell ID 3 Transmission Mode
	M
	
	ENUMERATED(Transmitting, Not-Transmitting,, …)
	
	
	


	Range bound
	Explanation

	maxFailedMeasObjects
	Maximum number of measurement objects that can fail per measurement. Value is 32.

	maxCellineNB
	Maximum no. cells that can be served by an eNB. Value is 256.

	maxCSIProcesses
	Maximum no. CSI processes that can be configured for all UEs in the cell. Value is 3.


	Condition
	Explanation

	ifCSIReportRequested
	This IE shall be present if the Xth bit of the Report Characteristic IE in the RESOURCE STATUS REQUEST message is set and if CSI Reports can be performed.


[…]

9.1.2.14
RESOURCE STATUS UPDATE 

This message is sent by eNB2 to neighbouring eNB1 to report the results of the requested measurements.

Direction: eNB2 ( eNB1.

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

	Message Type
	M
	
	9.2.13
	
	YES
	ignore

	eNB1 Measurement ID
	M
	
	INTEGER (1..4095,...)
	Allocated by eNB1
	YES
	reject

	eNB2 Measurement ID
	M
	
	INTEGER (1..4095,...)
	Allocated by eNB2
	YES
	reject

	Cell Measurement Result
	
	1
	
	
	YES
	ignore

	>Cell Measurement Result Item
	
	1 .. <maxCellineNB>
	
	
	EACH
	ignore

	>>Cell ID
	M
	
	ECGI

9.2.14
	
	
	

	>>Hardware Load Indicator
	O
	
	9.2.34
	
	
	

	>>S1 TNL Load Indicator
	O
	
	9.2.35
	
	
	

	>>Radio Resource Status
	O
	
	9.2.37
	
	
	

	>>Composite Available Capacity Group
	O
	
	9.2.44
	
	YES
	ignore

	>>ABS Status
	O
	
	9.2.58
	
	YES
	ignore

	>>RSRP Measurement Report List
	O
	
	9.2.76
	
	YES
	ignore

	>>CSI Measurement Report List
	O
	
	
	
	
	


[…]

CSI Measurement Report List

This IE provides CSI measurement reports of UEs served by the sending eNB.

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

	CSI Measurement Item
	
	1 .. <maxNumCSIMeas>
	
	

	>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..3, …)
	Indicates one of the CSI process configurations in the CSI Process Configuration Item IE contained in the RESOURCE STATUS RESPONSE message send for the CSI Measurement Report. Each value “n” indicates the nth configuration in the list.

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

	>>Wideband CQI
	
	1
	
	

	>>>Wideband CQI Codeword 0
	M
	
	INTEGER (0..3, …)
	Defined in TS 36.213 [11].

	>>>Wideband CQI Codeword 1
	O
	
	INTEGER (0..3, …)
	Defined in TS 36.213 [11].

	>>Subband Differential CQI
	
	0 .. <maxSubband>
	
	

	>>>Subband Differential CQI
	
	1
	
	

	>>>>Subband Differential CQI Codeword 0
	M
	
	INTEGER (0..3, …)
	Defined in TS 36.213 [11].

	>>>>Subband Differential CQI Codeword 1
	O
	
	INTEGER (0..3, …)
	Defined in TS 36.213 [11].

	>>>Subband Index
	O
	
	INTEGER (0..27, …)
	Included in case of UE selected subband CQI reporting.


	Range bound
	Explanation

	maxUECSIReport
	Maximum number of UE measurement reports. Value is 128.

	maxCSIProcess
	Maximum number of CSI processes. The value is 3.

	maxSubband
	Maximum number of subbands. The value is 14.


---------------------------------------End of Changes------------------------------------------
With the approach specified above it is possible to ensure that the number of CSI IM configurations adopted for CoMP is limited and that the issues of excessive RRC signalling, loss in user plane capacity and excess in signalling over X2 are mitigated. 

It is important that the signalling solution endorsed by RAN3 regulates the use of CSI processes in a way to guarantee for each vendor participating in CoMP an upper limit of CSI RS resource configuration to be used. Indeed, leaving the freedom to adopt any number of CSI processes would imply that all eNBs participating to the CoMP coordination would have to adapt to the largest amount of CSI-RS resources requested by the eNB supporting the highest number of CSI processes. This would mandate that all eNBs participating to CoMP would suffer of high performance degradation.
Proposal 1: It is proposed to adopt a signalling solution for CSI reporting where the number of CSI process configurations is limited to 3 and is common to all UEs in a cell. Therefore it is proposed to agree to the TP in Section 2.
3   Conclusion 

In this paper the results of the analysis performed in [1] have been taken in order to formulate a solution that would ensure the establishment of an upper limit for the resources utilised by all eNBs participating in CSI process coordination within a CoMP cluster. 

It was explained that it is important to find a solution that poses a limit to the maximum number of CSI IMs that can be used per cell. Failure to enable such limit implies that all the eNBs participating in CSI coordination within the CoMP cluster would have to allocate CSI IM resources according to the eNB using the largest CSI IM configuration. The latter would result in capacity losses and in potential inter-vendor interoperability issues.

The following is therefore proposed:

Proposal 1: It is proposed to adopt a signalling solution for CSI reporting where the number of CSI process configurations is limited to 3 and is common to all UEs in a cell. Therefore it is proposed to agree to the TP in Section 2.
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