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1. Introduction
The study item on CoMP with non-ideal backhaul was approved in RAN#60 [1] with the following objectives:

· 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.    
Simulation in many contributions in the SI phase pointed out that the performance gain of CoMP-NIB tends to be quite small. It is also observed that the gains vary as a factor of deployment scenario, backhaul delay, coordination scheme, resource utilization factor, and coordination size [2]. 

A WI on inter-eNB CoMP was approved in RAN#62, with the following objectives. In brief, RAN1 is tasked to identify the type of inter-eNB signaling for CoMP-NIB, within one RAN1 meeting, whereas RAN3 will be responsible for specifying any RAN1-identified signaling.
· 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.
· RAN3:

· Determine whether the above signalling shall be introduced to the X2 interface, or on a new interface if it cannot be supported by X2.
· The detailed specification shall take other work items addressing LTE into account.
Two way-forward proposals were presented in the last meeting [4,5], however neither was agreed upon. In this contribution we provide our views on these signals.
2. Discussion

Given the limited system performance gain observed in the SI phase, and the limited amount of time allocated to RAN1, it is reasonable to keep the CoMP-NIB signaling simple and aligned with the existing X2 signaling framework to avoid any unjustified specification complexity. 
2.1. Properties of channel information
This signaling generally comprises short-term/long-term channel measurement reports from UEs related to the downlink channel. Such long-term/short-term channel property can be utilized by the CoMP scheduler to make scheduling decisions, including CoMP set management, beamforming selection, blanking/un-blanking decisions, and MCS adaptation etc. Signals falling in this category include:
· One or more sets of CSI reports (RI, PMI, CQI) of individual UEs
· One or more measurement reports (RSRP) of individual UEs 
· Used configurations of reference signals, CSI processes and CSI-IM configurations
The RSRP signaling may be based on the existing RSRP definition. Regarding per-UE CSI feedback (RI/PMI/CQI), the related CSI measurement/feedback configuration may also need to be signalled over the backhaul, in addition to the CSI itself. For instance:
· CSI reporting mode (e.g. narrow-band vs. wide-band, PUCCH/PUSCH mode). This allows the receiving eNB to correctly interpret the exchanged CSI and helps to reduce the backhaul signaling overhead. 
· Association between a CSI report and its CSI-RS resource. This is useful to correctly establish the connection between a particular CSI report and its corresponding CoMP transmission point. In Rel.11, each CSI process is RRC-configured to be associated with a non-zero-power CSI-RS resource and a CSI-IM resource. Such association should be also exchanged over the backhaul together with the CSI report.
2.2. Spatial/time/frequency domain properties of interference
The existing LTE X2 signaling reflects the transmission properties of the sending eNB to inform the receiving eNB about the potential inter-cell interference. Candidate signals for inter-eNB signaling identified in the CoMP WI falling in this category include:
· 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
The existing Rel.8 RNTP signaling indicates, per PRB, whether the downlink transmission power of the sending eNB is lower than the value indicated by the RNTP Threshold IE. The existing RNTP definition is tailored toward CRS-based transmission and carries no spatial property of the interference, in the sense that one RNTP value applies to all layers of PDSCH. For CoMP relying on DMRS-based transmission, it is beneficial to extend the Rel.8 CRS-based RNTP toward Rel.12 DMRS-based transmission. Specifically, this includes introducing RNTP signaling for each used DMRS antenna port, as well as the number of DMRS antenna ports used for PDSCH. 
Indicating the spatial transmission properties of an eNB (e.g., rank, precoding) to the neighboring eNBs is also useful to infer the inter-cell interference and assist interference avoidance/nulling. Additionally, as PDSCH RE mapping is a function of transmission rank, indicating the eNB transmission rank helps the neighboring eNBs to infer the interference source (e.g. from PDSCH RE or from DMRS RE of neighboring cells) and correspondingly adapt scheduling to align the interference. 
2.3. Scheduling metrics

The scheduling metrics can be exchanged over the backhaul between eNBs to inform the receiving eNB about the scheduler status/preferences related to CoMP UEs. Signals in the WI falling in this category include: 
· User perceived throughput of individual UEs (see TR 36.814 as a reference)

· Resource utilization per cell 
· PF metric of individual UEs

The user perceived throughput and per-cell resource utilization factor are defined in TR 36.814 used for previous RAN1 evaluations in several SI/WI. It is noted that these parameters already can be deduced from PRB usage and scheduling throughput supported in the current L2 measurement framework [3].
The PF metric of individual UEs aims to provide scheduling prioritization suggestion to neighboring eNBs. Since the PF metric tends to be scheduler-specific and varies significantly between different vendors and traffic types, a clear definition is needed in order to be truly useful in a multi-vendor CoMP deployment scenario.
3. Conclusions

In this contribution we provide our views on inter-eNB signaling for CoMP with non-ideal backhaul. Considering the limited CoMP-NIB performance gain and limited RAN1 time for identifying such signaling, it is preferable to keep the scope of inter-eNB signaling simple and aligned with existing X2 signaling framework to avoid any unjustifiable specification complexity. 

A list of suitable signals for inter-eNB CoMP signaling is summarized below:
· One or more sets of CSI reports (RI, PMI, CQI) of individual UEs
· Configuration of such CSI reports, and/or association with CSI-RS resources. 
· One or more measurement reports (RSRP) of individual UEs 
· Spatial/frequency/time transmission properties of eNB (e.g. RI, PMI)

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