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1 Introduction
In 3GPP RAN #62 meeting, the working item description (WID) on Inter-eNB CoMP for LTE with non-ideal backhaul was agreed for Release 12 [1]. According to the WID, the objective of the RAN1 is given as follows:
· Identify signalling of information for the inter-eNB CoMP
This contribution presents SRS received power as signalling information for inter-eNB operation.
2 Use of SRS received power for Inter-eNB Operation
In order to support inter-eNB CoMP operation, Sounding Reference Signal (SRS)[2] received power at eNB side is discussed as required signalling information. 
SRS received power from UE can be used for relative down link channel state estimation between UE and eNB. Relative channel state can be calculated from UE feedback for serving cell CSI feedback or CRS based RSRP feedback. SRS received power is used as a long term channel state information by combing with DL transmission power of each cell. The use of SRS received power has advantages 

· The large number of channel state information per UE can be acquired. CSI feedback of a UE is restricted up to 4 CSI processes in [3]. Using SRS received power, additional channel state information is acquired to enhance inter-eNB CoMP operation. The number of channel state information using SRS received power depends on uplink signal quality and eNB’s processing power. 
· SRS received power facilitates CoMP operation of UEs with one CSI process or legacy UEs without multiple CSI process.
· SRS received power is useful in CoMP scenario 4 where multiple TPs use same PCID. 
The additional channel state information enhances CoMP performance in densely deployed network where the large number of cells is noticed as major interfering sources. In [4], inter-eNB CoMP performance was derived using CSI – UE CSI feedback and SRS received power at eNB side – that have been shared with central coordinator and eNBs. Due to large number and wide range of SRS received power, performance showed increasing slope with large number of coordination set size.

For use of SRS received power, 
· Available range of received power is presented from -58.7 dBm/tone to -137dBm/tone, where Thermal noise power is assumed -132.24 dBm/tone. Upper bound is set with consideration of small cell deployment inside macro cell coverage. 
· Step size of SRS received power is suggested 0.0625dB
To enhance the SRS reception performance, reuse policy per cell is suggested. Each cell configures SRS resources for each UEs and notifies configuration information including as follows
[SRS configuration]

	Information
	Description

	Cell Id
	Cell ID of each cell (assuming 3 cell/eNB) to differentiate each cell inside CoMP area

	SRS allocated time
	Time index when SRS resources allocated in TTI unit

	SRS resource per UE
	SRS resource allocation information of UEs per cell specified below table


Table 1 SRS configuration information
[SRS resource per UE]

	Information
	Description

	UE id
	UE identification which is unique per cell used to identify owner UE of SRS resource

	SRS Configuration Index
	SRS Configuration Index as referenced in [5]

	SRS resource information
	SRS resource allocation by
Frequency, comb and CS as referenced in [5]


Table 2 SRS resource information per UE
3 Exchange of SRS received power for Inter-eNB Operation
Each eNB has to deliver SRS received power the serving cell of each UE that transmits SRS. We discuss two methods for sharing SRS received power.
3.1 Information sharing via central coordinator
Each eNB delivers received SRS power as following example to the central coordinator.
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Figure 1 SRS information sharing via central coordinator

[SRS Power at receiving cell]

	Information
	Description

	SRS received time
	Time index where following SRS received at eNB side. It is identical to SRS allocated time in SRS configuration

	Receiving Cell Id
	ID of cell that received SRS. It is used to inform to the serving cell which interfering cell has received SRS from UE to change the SRS received power to relative down link interfering signal from interfering cell to owner UE of SRS

	SRS received power per resource
	SRS received power at eNB side per with destined SRS resource allocation at a certain SRS received time regardless of received UE’s serving cell


Table 3 SRS received power at receiving cell
As the central coordinator has SRS configuration information of all cells, Sfn and [FD_N][COMB_N][CS_N] identifies a UE in a cell. 
The central coordinator can reallocate each SRS received power per cell received by multiple neighbour cells. SRS received power is processed with down link transmission power of each cell. Down link transmission power can be acquired through OAM entity. The central coordinator delivers SRS received power as following example
[SRS Power for serving cell]

	Information
	Description

	Serving Cell Id
	ID of cell to that SRS owner UEs belong. It is used to identify the destination of SRS received power message

	Set of SRS received power per UE
	Set of SRS received power of UEs that belong to the serving cell. Set is composed of SRS received power from interfering cells that received SRS from UEs of the serving cell. Ex) Interfering cell A and B deliver SRS received power from UE 1 of cell S.
Set is composed of SRS received power per UE and Receiving Cell Id to identify the source
SRS received power is processed by the resource coordinator per UE. As several resources can be allocated to a UE, the resource coordinator gathers SRS received powers allocated to a UE and calculates to appropriate value that is used as DL interfering power


This procedure relieves the burden of each eNB to process SRS received power of neighbour cells. 
3.2 Information sharing between eNBs
Each eNB can deliver received SRS power to the serving cell of each UE In this case, each cell has to deliver the acquired SRS received power to each destination as following example.
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Figure 2 SRS information sharing between eNBS

To process the UE identification of each SRS resources, each cell has to share its SRS configuration information [SRS configuration] to appropriate neighbours. 
[SRS Power for serving cell]

	Information
	Description

	Serving Cell Id
	ID of cell to that SRS owner UEs belong. It is used to identify the destination of SRS received power message

	Receiving Cell Id
	ID of cell that received SRS. It is used to inform to the serving cell which interfering cell has received SRS from UE to change the SRS received power to relative down link interfering signal from interfering cell to owner UE of SRS

	SRS received power per UE
	SRS received power is processed by the receiving per UE. As several resources can be allocated to a UE, the receiving cell gathers SRS received powers allocated to a UE and calculates to appropriate value that is used as DL interfering power.

Only SRS received power of UEs belonging to Serving cell is delivered for small message size.


Each cell has to update neighbour cell’s SRS configuration and process SRS received power to distribute to the serving cell of SRS transmitting UE so that more processing power of each eNB is required.
4 Conclusion
This contribution discusses on usage of SRS received power for inter-eNB CoMP and suggests required specification of SRS received power and configuration information for efficient signalling. Having discussed above, the followings are observed:

Observation 1:

· SRS received power at eNB side is additional channel state information between UEs and TPs
· Large number of channel state information between UE and cells can be gathered including all cells that can receive SRS of each UE.
· SRS received power can support CoMP operation for legacy UEs with Rel. 10 functionality and UEs with one CSI process
Observation 2:

· To use SRS received power, configuration information of each cell needs to be updated and each eNB has to share SRS received power to its owner cell
· Configuration is used to identify UE and SRS resources
· Information sharing via central entity simplifies path and relieves eNB’s burden for message processing 
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