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1
Introduction
In Rel-11, Coordinating Multi-Point (CoMP) techniques have been introduced to improve the throughput of cell-edge UEs. The CoMP scenarios considered in 3GPP LTE-A may involve cooperation among multiple transmission points that are geographically separated, and in these cases information exchange between the eNBs within the cooperating set has to be facilitated by backhaul connections. Nevertheless, the backhaul is not ideal; the latency caused by which could diminish the potential gain of CoMP schemes. In correspondence, a new working item proposal has been initiated [1] to study CoMP with non-ideal backhaul, and the objective of which is:
The study item should fulfil 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.  

The throughput gains potentially achievable from the studied techniques should be evaluated, while also taking into account estimation errors, downlink overhead, complexity, feedback overhead, backward compatibility and practical UE implementations. Rel-11 MMSE-IRC is used as a baseline receiver for evaluating performance gain.
In this contribution, we aim to describe two possible approaches that could be employed to address the non-ideal backhaul issues for CoMP schemes based on coordinated scheduling/coordinated beamforming (CS/CB).
2
CS/CB with Non-Ideal Backhaul
In contrast to other CoMP schemes such as joint transmission (JT) and dynamic point selection (DPS), data exchange is not required in CS/CB. With CS/CB, each of the eNBs in the cooperative set serves its own UEs under a scheduling decision or beamforming matrix selection that has taken interference level of the neighboring eNBs into account. Thus, this is apparent that CS/CB operation should in general require the cooperating eNBs to acquire channel state information (CSI) of the UEs of the neighboring eNBs. This is fulfilled via UE feedback to its own serving eNB along with CSI exchange using backhaul. When these cooperating eNBs are geographically separated, the latency caused by non-ideal backhaul could result in obsolete scheduling decision and precoding matrix selection that are incapable of properly capturing the prevailing channel condition, and the benefits of CS/CB operation would be severely degraded.
Here we briefly describe two possible ways to handle the issue of non-ideal backhaul in CS/CB.
2.1
Long-Term CSI
Instantaneous CSI could be quite sensitive to backhaul delay, especially in cases with high mobility levels. On the other hand, time-variation of long-term CSI components such as spatial correlation matrices, are much less significant. Hence, scheduling decision and precoding matrix construction based on long-term CSI could make CS/CB schemes more robust to backhaul latency. Note that only the CSI with respect to the potential aggressor eNB has to be shared using backhaul, the UE may still report the instantaneous CSI with respect to the serving eNB, as it is not affected by the non-ideal backhaul problems. Also, since the derivation of long-term CSI for the neighboring eNB may require multiple measurements over time (for averaging), its reporting period of long-term CSI for the neighbor eNB should be larger than that of instantaneous CSI for the serving eNB. 

Figure 1 shows the flowchart for CoMP feedback procedure based on long-term CSI:
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Figure 1: Potential CSI measurement/feedback procedures for CS/CB based on long-term CSI

2.2
Opportunistic Beamforming
Alternatively, opportunistic beamforming could be used to reduce the burden of information exchange over the backhaul connections, and thereby mitigate the impacts of backhaul delay. In particular, CSI-RS and IMR could be configured for a UE to measure its channel quality (including signal and interference power) under a specific precoder setting among multiple cooperative eNBs, and the CQI reports from the UEs allow the network to make an appropriate scheduling decision that caters to a subsequent subframe, wherein the cooperative eNBs apply exactly the same precoder setting as in the measurement interval. For example, presuming we have two cooperative eNBs (dubbed as eNB 1 and eNB 2); eNB configures its UEs one CSI-RS resource and one IMR that are respectively overlapped with IMR and CSI-RS resource configured for the UEs of eNB 2, and the UEs in both of these eNBs measure the resultant channel and interference using these configured resources under a specific pre-assigned precoder setting. Through CSI feedback derived from these measurements, the UEs provide the network certain information relating to how good the channel quality is for a UE under such precoder setting. According to the concept of multi-user diversity, when the number of UEs is sufficient, the probability for the network to identify a UE with good performance under such precoder setting is quite high, and appropriate scheduling would deliver good system performance. Obviously, such method does not require intense information exchange among the cooperative eNBs, as long as all cooperating eNBs are coordinated to use the same precoder settings in both measurement and transmission phases. Therefore, the impacts of delay caused by backhaul connection can be minimized with such techniques.
3
Conclusions

In this contribution, we have described two possible ways of dealing with non-ideal backhaul for CoMP schemes based on CS/CB. Our proposal is:
Proposal: Feedback of long-term CSI or opportunistic beamforming can be specified in Rel-12 in order to handle non-ideal backhaul issues for CoMP schemes.
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