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1 Introduction

In RAN#62 meeting, the new work item about inter- eNB COMP was agreed.  As described in [1], The work item should satisfy the following objectives: 

RAN1 and RAN3:

· RAN3 to specify signalling of information to be identified by RAN1, for example:

· One or more sets of CSI reports (RI, PMI, CQI) of individual UEs

· One or more measurement reports (RSRP) of individual UEs 

· SRS received power of individual UEs

· User perceived throughput of individual UEs (see TR 36.814 as a reference)

· Resource utilization per cell 

· PF metric of individual UEs

· Enhanced RNTP-type information in frequency/time/power/spatial domain

· Enhanced ABS information in power and spatial domain

· QCI

· Indication of resource coordination result or resource coordination request

· Resource allocation in frequency/time/power/spatial domain

· Used configurations of reference signals, CSI processes and CSI-IM configurations

· Indication of coordination result or coordination request for reference signal configurations, CSI processes and CSI-IM configurations

· Specify necessary procedures related to the above.

Hence the work in RAN1 is to identify the signalling of information which should be specified by RAN3.  In this contribution, we share our views on which signalling of information should be specified for inter-eNB CoMP operation and discuss its corresponding benefits. 
2 Factors of inter-eNB signalling design 
Inter-eNB signalling requirements depend on the following factors:
· CoMP transmission schemes and feedback schemes
· Different CoMP schemes may need different signalling design.  As described in [7], CoMP transmission schemes can be classified into two categories: SSPS and CS/CSCB/SSPM. The difference of these two categories is whether the PDSCH can be transmitted from different point or not.  Different feedback schemes can be supported with Rel-11 depending on UE capabilities, e.g. feedback with one or multiple CSI process.  If we consider PDSCH coming from different point, HARQ can be based on the parameters of the serving cell or the PDSCH transmission point.   With different transmission and feedback schemes, the requirement of inter-eNB signaling may have some differences [4] - [7]. 
· Signalling procedure for inter-eNB cooperation establishment
· As discussed in [7]-[10], the establishment of inter-eNB cooperation can be based on one way signaling or two way signaling.  Inter-eNB signaling requirement is different considering these two kinds of cooperation establishment scheme.   To avoid ambiguity among cooperating eNBs, especially for inter-vendor eNB cases, two way signaling is preferred. 
· Network architecture and scheduling strategy
· For inter-eNB operation, different scheduling strategies namely centralized scheduling, distributed scheduling, hybrid scheduling are analyzed [7][10]-[14].  Different levels of signalling details may be needed for different types of scheduling strategy.  
Signalling design should strive for common signalling framework considering these factors although the signalling details can be different for different schemes.
3 Candidates of signalling for inter-eNB CoMP
As described in section 1, there is a list of information for inter-eNB signalling.  These information can be categorized into two types: signalling of coordinated configuration of reference signals/CSI-IM and signalling for coordinated scheduling and transmission. 
3.1 Signalling for coordinated configuration of reference signals/CSI-IMR
Here we consider coordination on the configurations of NZP-CSI-RS, ZP-CSI-RS, CSI-IMR and DMRS.  These information is more static but these configurations still can be changed from time to time depending on inter-eNB CoMP. 
· NZP CSI-RS

· The sending eNB may want to inform the receiving eNB the NZP-CSI-RS configuration and request for muting on the corresponding REs.   Muting for CSI-RS may not be always necessary.  It may be needed only when there is any CoMP UE configured with multiple CSI processes.   In some cases, NZP-CSI-RS may not be even configured in a cell because there are no UEs running TM9 or 10.  Periodicity of NZP-CSI-RS can also be changed depending on the measurement requirement.  So it is beneficial to issue the request signalling only when it is needed in order to avoid overhead waste.    
· ZP CSI-RS

· The coordinating eNBs may want to exchange the ZP-CSI-RS configuration with each other.  This can let each other know the interference condition.  If the receiving eNB wants to configure a CSI-IMR to measure interference from the neighboring eNB, it should avoid configuring CSI-IMR in the position of ZP-CSI-RS of the neighboring eNB.  By knowing the ZP CSI-RS configuration of the neighboring eNB, the receiving eNB also knows whether the neighboring eNB has done muting for its NZP-CSI-RS.    For example in figure 1, UE1 and UE2 are non-CoMP UEs served by cell2 and cell3 respectively.  UE1 wants to measure the interference from cell3.  If cell2 knows the ZP CSI-RS configuration of cell3, it can avoid configuring UE1 the CSI-IMR which overlapped with the ZP-CSI-RS configuration of cell3 so that UE1 can measure the interference from cell3.
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Figure1.  Exchanging ZP-CSI-RS for correct CSI-IMR configuration
· CSI-IM Resource
· Although CSI-IM resources should be the subset of ZP CSI-RS configuration, it is beneficial for the neighboring cells to distinguish between CSI-IM resources and ZP CSI-RS for RE muting for CSI-RS.   Moreover, request of CSI-IM resource configuration should be supported.  Based on the request, the receiving eNB configures the CSI-IM resource for the sending eNB so that the CoMP UEs under the sending eNB can measure the desired interference condition.  
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Figure2.  Illustration of coordinated transmission with SSPM
e.g. In order to perform SSPM between cell1 and cell3 for UE1 in figure 2, cell1 requests cell3 to configure the CSI-IMR in the corresponding REs so that UE1 can measure the interference condition without interference from cell1 and cell3.    At the same time, cell1 also coordinates with cell2 to configure CSI-IMR for UE2.   In this case, ZP-CSI-RS configuration of cell1 contains both CSI-IMRs for UE1 and UE2.  Since ZP-CSI-RS contains all muted REs for neighboring cells' NZP-CSI-RS and all the CSI-IMRs for different interference conditions, it is not sufficient to simply exchange the ZP CSI-RS resource among cells.   Hence coordination request and desirably acknowledgement is needed for proper interference measurement.
·  DMRS

· DMRS initialization parameter configurations should be exchanged between coordinating cells.  Together with coordinated DMRS port allocation, DMRS orthogonality between coordinating cells can be achieved.  This can greatly improve the receiver performance due to both better channel estimation and interference estimation[17].   
Proposal 1: Coordinated configuration of reference signal resources and relevant parameters for inter-eNB CoMP should be supported.   The signalling information includes configurations of NZP CSI-RS, ZP CSI-RS, CSI-IM Resource and DMRS.  The following signalling of information for inter-eNB CoMP should be specified:

· Configurations of reference signals, CSI processes and CSI-IM configurations

· Indication of coordination result or coordination request for reference signal configurations, CSI processes and CSI-IM configurations 
3.2 Signalling for coordinated scheduling and transmission
As discussed in section 1, the required inter-eNB signalling for coordinated scheduling and transmission may depend on scheduling strategy.  Here we further categorize into two types of signalling for coordinated scheduling and transmission.  One type is for distributed coordination.  Another type is for centralized coordination.  Centralized coordination assumes there is a centralized coordinator to control the coordination among the cells linked to this centralized node.  
· Enhanced ABS information in power and spatial domain
·  Rank/beamforming coordination in reduced power ABS:  The semi-static CS with rank and orthogonal DMRS port coordination scheme under reduced power ABS was described and evaluation results are given in [15].  According to the evaluation of this simple scheme, 8.2% gain of cell edge UE throughput can be observed compared with CS scheme without rank and orthogonal DMRS allocation.  The gain can be supported by link level simulation as shown in [17].   Further gain is expected if rank-1 coordinated beamforming is done under ABS.
·  ABS coordination among small cells:   Extension of ABS coordination in small cell layer should be considered.  The scheme is similar to SSPM in subframe level.  The observed gain in dense scenario 2a in [16] can be up to 28% for median UE throughput even for non-ideal backhaul with 50ms latency.   Further gain is expected if further optimization is done in power and spatial domain.  We can assume there is a centralized controller to decide the muting pattern.
· Enhanced RNTP-type information in power/spatial domain
· RNTP-type information can be extended to support power and spatial domain coordination.  RNTP power levels can be extended to multiple levels e.g. 3 levels.  Similar rank/DMRS port allocation can be used along with the RNTP information e.g. using rank 1 only when RNTP=0.   Simulation was done to evaluate such simple rank coordination scheme in scenario 2a.   9.32% gain of cell edge UE throughput is observed in small cell layer.   Simulation assumptions can be found in Appendix.
· CS/SSPM with centralized coordinator
· SSPM with centralized coordinator is evaluated in [16].  It provides significant gain especially for the cases of 5ms backhaul latency and high loaded scenarios.  The gain ranges from 30% to 60% for median UE throughput.  To support such scheme, resource request and resource coordination results should be supported.  Therefore, the following information should be considered.  To reduce the overhead, time domain resource allocation may be sufficient.
· Indication of resource coordination result or resource coordination request
· Resource allocation at least in time domain

To perform centralized scheduling, scheduling metrics is needed to be derived or obtained from the linked transmission points.   Therefore,  either PF metric or CSI information is needed.  The perceived throughput can  be considered but it can be also derived in the centralized coordinator based on the past scheduling results.
· One or more sets of CSI reports (RI, PMI, CQI) of individual UEs
OR
· PF metric of individual UEs
Overhead reduction can be considered by considering one UE or one metric for one transmission point only.
Proposal 2:  To support coordinated scheduling and transmission, the following signalling of information for inter-eNB CoMP should be specified:
· Enhanced ABS information in power and spatial domain
· Rank/beamforming coordination in reduced power ABS
· ABS coordination among small cells
· Enhanced RNTP-type information in power/spatial domain

· One or more sets of CSI reports (RI, PMI, CQI) of individual UE(s) OR PF metric of individual UE(s)

· Indication of resource coordination result or resource coordination request

· Resource allocation at least in time domain
4 Conclusion
In this contribution, we share our views on which signalling of information should be specified for inter-eNB CoMP operation and discuss its corresponding benefits.  Our proposals are summarized as follows: 
Proposal 1: Coordinated configuration of reference signal resources and relevant parameters for inter-eNB CoMP should be supported.   The signalling information includes configurations of NZP CSI-RS, ZP CSI-RS, CSI-IM Resource and DMRS.  The following signalling of information for inter-eNB CoMP should be specified:

· Used Configurations of reference signals, CSI processes and CSI-IM configurations

· Indication of coordination result or coordination request for reference signal configurations, CSI processes and CSI-IM configurations 

Proposal 2:  To support coordinated scheduling and transmission, the following signalling of information for inter-eNB CoMP should be specified:

· Enhanced ABS information in power and spatial domain
· Rank/beamforming coordination in reduced power ABS
· ABS coordination among small cells
· Enhanced RNTP-type information in power/spatial domain

· One or more sets of CSI reports (RI, PMI, CQI) of individual UE(s) OR PF metric of individual UE(s)

· Indication of resource coordination result or resource coordination request

· Resource allocation at least in time domain
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Appendix A
Table A.1 Simulation parameters for small cell Scenario #2a deployment
	　Parameters
	Scenario #2a

	　
	Macro cell
	Small cell

	Layout
	Hexagonal grid, 7 sites, 3 Macro cells per site, wrap‑around
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Clusters uniformly random within macro geographical area; small cells uniformly random dropping within cluster area

	System bandwidth
	10MHz
	10MHz

	Carrier frequency 
	2.0GHz
	3.5GHz

	Carrier number
	1
	1

	Total BS TX power (Ptotal per carrier)
	46 dBm
	30 dBm 

	Distance-dependent path loss
	ITU UMa [referring toTable B.1.2.1-1 in TR36.814], with 3D distance between an eNB and a UE applied
	ITU Umi [referring toTable B.1.2.1-1 in TR36.814] with 3D distance between an eNB and a UE applied

	Penetration
	For outdoor UEs:0dB
For indoor UEs: 20dB+0.5din (din : independent uniform random value between [ 0, min(25,d) ] for each link)
	For outdoor UEs:0dB
For indoor UEs: 20dB+0.5din (din : independent uniform random value between [ 0, min(25,UE-to-eNB distance) ] for each link)


	Shadowing
	ITU UMa according to Table A.1-1 of 36.819
	ITU UMi [referring to Table B.1.2.1-1 in TR36.814]

	Antenna pattern
	3D,  referring to TR36.819
	2D Omni-directional is baseline; directional  antenna is not precluded

	Antenna Height: 
	25m
	10m

	UE antenna Height
	1.5m

	Antenna gain + connector loss
	17 dBi 
	5 dBi

	Antenna gain of UE
	0 dBi

	Fast fading channel between eNB and UE
	ITU UMa according to Table A.1-1 of 36.819
	 ITU UMi

	Antenna configuration
	2Tx2Rx in DL, 1Tx2Rx in UL,  Cross-polarized

	Number of clusters/buildings per macro cell geographical area
	1

	Number of small cells per cluster
	4 or 10

	Number of small cells per Macro cell
	Number of small cells per cluster *Number of clusters per macro cell geographical area

	Number of UEs 
	For 4 small cells per cluster, 30 UEs
For 10 small cells per cluster, 60 UEs 

	UE dropping
	Baseline: 2/3 UEs randomly and uniformly dropped within the clusters, 1/3 UE randomly and uniformly dropped throughout the macro geographical area. 80% UE indoor, 20% UE outdoor. 

	Radius for small cell dropping in a cluster
	50m 

	Radius for UE dropping in a cluster
	70m

	Cell selection criteria
	For 4 small cells per cluster, RSRQ for inter-frequency, with 9 dB CRE
For 10 small cells per cluster, RSRQ for inter-frequency, with 9 dB CRE

	HARQ Scheme
	Chase Combining

	Maximum number of retransmissions
	3

	Traffic model
	FTP model 1 as in TR 36.814
File size is 0.5MByte

Including low, medium, and high load levels (e.g. RU 20%, 40%, 60% across all cells)

	Feedback Assumption
	Non-ideal, based on CSI-RS for channel measurements, based on DMRS for data demodulation
based on IMR for Interference

	CRS interference
	CRS interference and non-ideal CRS interference canceling is modelled
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