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1. Introduction
A study item on CoMP with non-ideal backhaul was approved in RAN#60 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.  
In this contribution we discuss CoMP signaling for non-ideal backhaul.
2. Discussion
2.1. Impact of non-ideal backhaul 

The main motivation of CoMP is to reduce the randomness of co-channel interference. When the scheduler is aware of the downlink channel and jointly determines the transmission properties of adjacent cells, co-channel interference becomes predicable and controllable. As such link adaptation could better exploit the channel property to benefit the system performance. In Rel.11 channel-aware link adaptation is achieved by multiple CSI feedback where the UE measures and feeds back the channels of multiple CoMP TPs. For a particular UE, multiple CSI reports consist of channel of the serving point(s), as well as channel of the non-serving point(s) which could be used to infer co-channel interference between different CoMP points.
Different CoMP schedulers are possible, e.g. centralized or distributed. With centralized scheduler, CSI of different points are forwarded to a central scheduler via backhaul. The scheduler then jointly optimizes the CoMP transmission properties, e.g. beamforming weights, selection/blanking decision, MCS adaptation for various points. With distributed scheduler, the scheduling decision of each point is locally updated and forwarded to other points via backhaul, which is used to predict the co-channel interference and further optimize the scheduling decision of other cells. This could be more relevant to coordinated beamforming/scheduling, as noted in the SI proposal.
Irrespective of the scheduler architecture, information exchange over the backhaul (e.g.  CSI or intermediate scheduling output of other cells) is inevitable. With non-negligible backhaul delay, scheduling decision calculated according to CSI at subframe n-k might be outdated when used at the instance of CoMP PDSCH transmission in subframe n. This problem is similar to the “flash-light effect” well-known in single-cell MIMO operation, except the delay k is more significant. 
· For single-cell transmission, it is expected that the severity of flash-light effect is proportional to the CSI feedback delay and the CSI granularity. For instance, a large codebook is expected to increase flash-light effect and degrade the CSI robustness, as precoders in neighbor cells are more likely to change. Open-loop CSI is one example to mitigate such effect, e.g. for high-speed UE. 
· For CoMP, the severity of delay is expected to be proportional to the CoMP coordination cluster size, and number of iterations in distributed type of schedulers.
2.2. Robustness of CoMP operation 

The robustness of CoMP against non-ideal backhaul may be enhanced by improving the availability and robustness of information pertinent to CoMP scheduling and co-channel interference, e.g. multi-point CSI, intermediate scheduling information, and interference imposed across various points in the CoMP coordination set. 
Multi-point CSI feedback has been standardized in Rel.11. The framework is an extension of single-cell feedback, whereas each CSI-process includes rank, precoding matrix, and channel quality indicators. It is known that some form of CSI (e.g. open-loop CSI) may be less sensitive to temporal delays and could be beneficial for non-ideal backhaul. This however is expected to result in non-trivial standardization impact in RAN1 and RAN4, which is not envisaged in the SI proposal. 
Intermediate scheduling and co-channel interference information (e.g. beamforming weights) are derived with multi-point CSIs, and used to optimize the CoMP transmission property of other cells. Signaling of such information may be considered to facilitate CoMP scheduler operation. Such signaling is preferred to reflect the statistical property as opposed to instantaneous property of the co-channel interference, in order to achieve reasonable robustness against the backhaul delay.
3. Conclusion

In this contribution we discussed CoMP operation with non-ideal backhaul. 
Proposal: 

· Consider signaling of co-channel interference property in the CoMP coordination set, possibly in a statistical manner, to improve CoMP robustness with non-ideal backhaul.
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