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1 Introduction

In Rel-11, CoMP was introduced under the assumption that ideal backhaul links exist among multiple transmission points (TPs). For inter-eNB CoMP operation with non-ideal backhaul (CoMP-NIB), the operators may not achieve the considerable performance gain compared to Rel-11 CoMP, since the backhaul technologies with latency ranging from 2ms to 60ms [1]. 
In RAN#60 meeting, a new study item to study CoMP-NIB was agreed [2] and its main objective is:

· RAN1 evaluate coordinated scheduling and coordinated beamforming including semi-static point selection/muting as candidate techniques for CoMP involving multiple eNBs with non-ideal but typical backhaul and, if there is performance benefit, recommend for which CoMP technique(s) signalling for inter-eNB operation should be specified, considering potential impact on RAN3 work.

· In the evaluations, consider the level of backhaul delay achievable with non-ideal backhaul
· Evaluation should be on the CoMP operation between macro eNBs (CoMP scenario 2 except for the backhaul assumptions), between macro eNB and small cell eNB (small cell scenario #1 with non-ideal backhaul), and between small cell eNBs (small cell scenario #2a with non-ideal backhaul)

· The study will take into account the outcome of the small cell enhancement study item and previous work on Rel-11 CoMP SI/WI
In this contribution, we consider the scheduling schemes and coordination scenarios of inter-eNB CoMP-NIB operation, and analyze the potential signalling requirements for different coordination scenarios.
2 Discussion
2.1 Schemes for inter-eNB CoMP-NIB operation
In [1], non-ideal backhaul is defined for various backhaul technologies with latency ranging from 2ms to 60ms, which are categorized based on operator inputs listed in Table 1. 

Table 1: Categorization of non-ideal backhaul

	Backhaul Technology
	Latency (One way)
	Throughput
	Priority (1 is the highest)

	Fiber Access 1
	10-30ms 
	10M-10Gbps
	1

	Fiber Access 2
	5-10ms
	100-1000Mbps
	2

	Fiber Access 3
	2-5ms
	50M-10Gbps
	1

	DSL Access
	15-60ms
	10-100 Mbps
	1

	Cable 
	25-35ms
	10-100 Mbps
	2

	Wireless Backhaul
	5-35ms 
	10Mbps – 100Mbps typical, maybe up to Gbps range
	1


For different CoMP schemes, the demands for backhaul and capacity are different. For example, dynamic point selection (DPS) and joint transmission (JT) have higher requirements than coordinated scheduling and coordinated beamforming (CS/CB) and semi-static point selection (SSPS) in Rel-11 CoMP.

In Rel-12 inter-eNB CoMP operation, the signalling via backhaul link between eNBs is necessary for coordination. Backhaul latency becomes the most important factor to be considered. For higher requirements of backhaul latency, DPS and JT techniques are not suitable for inter-eNB CoMP with non-ideal backhaul. On the other hand, CS/CB, SSPS and semi-static point muting (SSPM) can be considered as candidate techniques and their signalling schemes need to be enhanced for inter-eNB CoMP-NIB operation. 
Proposal 1: For inter-eNB CoMP-NIB operation, CS/CB, SSPS and SSPM can be considered as candidate coordination techniques, and their corresponding signalling schemes require enhancements.
2.2 Coordination scenarios for inter-eNB CoMP-NIB operation

For difference backhaul technologies, coordination operation should be considered in different ways. Therefore, it is necessary to discuss the coordination scenarios firstly for inter-eNB CoMP-NIB operation.  

In contributions [3-6], distributed coordination and centralized coordination have been widely discussed and proposed as a starting point for inter-eNB CoMP study. 
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Figure 1 Distributed coordination
For distributed coordination in figure 1, victim UE receives the CSI-RS configuration of aggressor eNB2 via victim eNB1, measures and feedbacks the CSI information to eNB1, then eNB1 forwards the CSI information and scheduling request to eNB2. After eNB2 makes decision on coordination and scheduling restriction, the signalling containing the results will be delivered to other eNBs via X2 interface. 
In HetNet scenario, e.g. small cell scenario #1/#2a, semi-static point muting (SSPM) can be exploited for interference suppression/avoidance in space domain for cell-edge UEs in other cells. Victim UEs measure long-term channel state information based on the CSI-RS configuration from aggressor eNB and periodically feedback to victim eNB. Via backhaul link between aggressor eNB and victim eNB, aggressor eNB is informed the CSI measurement information, and response beamforming restrictions or muting  pattern in some semi-static configured time and frequency resources. 

Proposal 2: For distributed coordination, SSPM can be exploited for interference avoidance in Hetnet. 
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Figure 2 Centralized coordination
In centralized coordination, a central control entity (CCE) is used for resource coordination among multiple eNBs. Here, a UE is always served by multiple coordinated eNBs, and its corrsponding channel state informations from these eNBs are measured and sent to CCE through backhaul link. 

After collecting all relevant CSIs and HARQ-ACK feedback from candidate Ues for scheduling in all coordinated cells, then CCE makes decision on resource allocation and scheduling restriction. The result of the resource coordination is contained in backhaul signalling, which is forwarded to each coordinated eNB, and consequently the UEs shall be scheduled on their allocated time and frequency resources. 

In order to realized centralized coordination, CS/CB and SSPS can serve the UEs to avoid frequent handover, specially for inter-CoMP operation with non-ideal backhual. Compared with distributed coordination, the centralized coordination demands more information exchange between coordinated eNBs and CCE, and may result in higher backhaul latency.  

Proposal 3: For centralized coordination, CS/CB and SSPS can serve UEs to avoid frequent handover, but may result in higher backhaul latency. 
2.3 Signalling requirements for inter-eNB CoMP-NIB operation
In RAN1#74 meeting, a summary [7] of RAN1 Chairman’s Observations of possibilities was proposed for X2/Xn signalling to support CoMP schemes considered in the Study on CoMP for LTE with Non-Ideal Backhaul. In this summary, several contributions [8-10] have considered the signalling requirements for inter-eNB CoMP-NIB operation:

· Coordination of configuration:

· NZP-CSI-RS resources

· ZP-CSI-RS resources

· DMRS sequences

· SRS configurations

· Requests for resource and/or power restrictions

· Requests for precoding restrictions

· Information about intended resource and/or power usage

· Information about intended precoder usage

· RNTP enhancements such as 

· multiple tx power thresholds

· possibility to request changes to another node’s frequency-domain power map

· Indication of potential degradations (e.g. interference level or CQI degradation) that may arise if another node uses certain resources or precoders

· CSI (e.g. long-term averaged or statistical properties), including one or more of:

· CQI

· PMI

· RI

· RSRP

· Interference
Different coordinations for inter-eNB CoMP-NIB operation requires different information and backhaul latency, and the relevant signallings via backhaul link are diverse. Therefore, in this section, we will discuss the signalling requirements for distributed and centralized coordination individually, and list our views on the involved aspects for signalling to be exchanged between coordinated eNBs and between eNBs and CCE. 
· Signalling requirements for distributed coordination
· CSI-RS configuration:
The aggressor eNB should inform the CSI-RS configuration  to victim eNB, such as CSI-RS subframe and resource configuration (NZP CSI-RS/ZP CSI-RS/CSI-IMR pattern),  antenna port number, scrambling Identity, Pc parameter. 
· DMRS configuration
In Rel-11 CoMP, UE-specific VCID was introduced for DMRS sequence initialization. In Rel-12 CoMP-NIB, SSPS and SSPM probably need to coordinate the DMRS sequences of different eNBs for interference randomization and avoidance.
· SRS configuration
If downlink and uplink channel state are different, the configuration of SRS is necessary to be exchanged in signalling for CSI measurement and pathloss estimation. 

· Resource allocation and/or restrictions
After decision making, aggressor eNB responses backhaul signalling with resource allocation: 
· Decision of resource coordination
· Available time and frequency resource allocated for coordination
· Muted RB resource, ZP CSI-RS and CSI-IMR configurations for SSPM
· Uplink transmission and feedback

If  there is uplink feedback to coordinated eNBs, the related uplink transmission information should be exchanged over signalling.
· PUCCH sequence initialization for the orthogonal PUCCH transmission at UL receiving points.
· Uplink CSI and pathloss measurement results on SRS signal
· Power restrictions
In Rel-11 transmission mode 10, Pc parameter (the ratio of PDSCH EPRE to NZP CSI-RS EPRE) is included in CSI process configuration. Here, the signalling with power restriction includes: 

· Transmit power restriction(including muting for SSPM)
· Appropriate value for Pc parameter
· DL RNTP per PRB
· Requests for precoding and beamforming restrictions
· Precoding selection (including the number of transmit layers)
· Beamforming restriction in spatial domain
· MCS selection
· HARQ process number

· PDSCH RE mapping parameter
· CRS  port and frequency shift

· MBSFN configuration
· PDSCH starting symbol
· NZP CSI-RS ID 

· ZP CSI-RS ID
· CSI feedback (e.g. long-term averaged or statistical properties), including one or more of:

· CQI

· PMI

· RI

· RSRP

· Interference
· Signalling requirements for centralized coordination
· CSI feedback (e.g. long-term averaged or statistical properties), including one or more of:
CCE collects all instantaneous or long-term statistical CSI reports of candidate UEs for scheduling within coordination cells area.
· CQI

· PMI

· RI

· RSRP

· Interference
· HARQ-ACK feedback reports
CCE also collects all HARQ-ACK feedbacks from candidate UEs for scheduling. 
· Resource allocation and/or restrictions
After decision making, CCE forwards backhaul signalling with resource allocation: 

· Decision of resource coordination
· Available time and frequency resource allocated for coordination
· CSI process configuration
· NZP CSI-RS resource configuration
· CSI-IMR configuration for interference measurement

· Power restriction, e.g., Pc parameter setting.
· Requests for precoding and beamforming restrictions
· Precoding selection (including the number of transmit layers)
· Beamforming restriction in spatial domain
· MCS selection
· HARQ process number

· PDSCH RE mapping parameter

· CRS  port and frequency shift

· MBSFN configuration
· PDSCH starting symbol
· NZP CSI-RS ID 

· ZP CSI-RS ID
Proposal 4: The signalling requirements can be discussed individually for distributed coordination and centralized coordination in inter-eNB CoMP with non-ideal backhaul operation.

3 Conclusion

In this contribution, we have considered the scheduling schemes and coordination scenarios of inter-eNB CoMP-NIB operation, and analyzed the potential signalling requirements for different coordination scenarios. We have the following observation and suggestions:

Proposal 1: For inter-eNB CoMP-NIB operation, CS/CB, SSPS and SSPM can be considered as candidate coordination techniques, and their corresponding signalling schemes require enhancements.

Proposal 3: For centralized coordination, CS/CB and SSPS can serve UEs to avoid frequent handover, but may result in higher backhaul latency. 

Proposal 2: For distributed coordination, SSPM can be exploited for interference avoidance in Hetnet. 

Proposal 4: The signalling requirements can be discussed individually for distributed coordination and centralized coordination in inter-eNB CoMP with non-ideal backhaul operation.
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