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1Introduction

In RAN#60, an LTE Release 12 study item on CoMP for LTE with Non-Ideal Backhaul was approved in [1]. The main objective of this SI is to evaluate the impact of backhaul link imperfections on the performance of coordinated multipoint techniques. If performance benefits of such coordination are shown, some recommendation on the signalling for inter-eNB operation should be provided to RAN3. In this contribution, we discuss the backhaul link signalling framework that may be used for the downlink CS/CB CoMP schemes.

2 Discussion

Signalling for one-way inter-eNB coordination:

In Rel-8/9/10 ICIC/eICIC coordination schemes were introduced for a network with non-ideal backhaul links. Such schemes are based on one-way inter-eNB coordination, which does not require dynamic backhaul signalling. In ICIC / eICIC schemes, an aggressor eNB informs a victim eNB about certain time or frequency resources (PRB pairs or subframes) which will experience reduced interference on a long-term basis. Based on this information, the victim eNB can perform appropriate user scheduling. 
Similarly to ICIC / eICIC coordination schemes, CS/CB CoMP scheme can be also extended to one way coordination [2]. For example, in the HetNet environment (including co-channel small cell deployment scenarios) an aggressor eNB (e.g., macro eNB) may perform long-term interference avoidance in the spatial domain towards the cell-edge UEs of another eNB for some semi-statically configured time or frequency resources. Then, similarly to ICIC / eICIC the victim eNB can perform user scheduling by considering the aggressor eNB semi-static beamforming nulling. 
To perform such one-way CS/CB coordination, the aggressor eNB should utilize CSI information (e.g., PMI, CQI) about the interference channels to the victim UEs. Such CSI information can be periodically obtained by the victim eNB and signalled to the aggressor eNB via the backhaul link. The aggressor eNB then responds with the beamforming restrictions for certain time or frequency resources as illustrated in Figure 1.
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Figure 1: Illustration of one-way coordination of eNBs
Signalling for inter-eNB coordination via CPU:

Another approach to coordinate the transmission among multiple eNBs is to consider an additional centralized processing unit (CPU) in the network, which is responsible for the resource allocation and the beamforming restrictions for the coordinating eNBs [3]. Depending on the desired level of coordination, the CPU may operate either using only CSI feedback or both CSI and HARQ feedback from the active UEs. In the case CPU decisions are solely based on CSI feedback, each eNB additionally performs user scheduling taking into account the resource and beamforming restrictions made by the CPU for all coordinating eNBs. Figure 2 illustrates the coordination model for LTE Release 12 CoMP schemes with CPU.
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Figure 2: Illustration of coordination of eNBs with CPU

To perform such CS/CB inter-eNB coordination via a CPU, the CPU should utilize the CSI information (e.g., PMI, CQI) and potentially HARQ information reported by the active UEs. Such information can be obtained by the cooperating eNBs and sent to the CPU via the backhaul link. The CPU backhaul signalling information could be beamforming and resource assignments restrictions for time or frequency resources.

It should be noted that in LTE schedulers on eNBs operate independently from each other (‘flat’ architecture) and there is no specific requirement on the eNB behaviour w.r.t. the received coordination messages from the neighbouring eNBs or some other network entity (e.g., CPU). Therefore, some discussion would be needed regarding the feasibility of such coordination schemes/methods.

Signalling for inter-eNB coordination via handshake:
Another approach to coordinate eNB transmissions is to consider a handshake procedure between the involved eNBs. In this case, there is no external entity responsible for centralized coordination. The victim eNB should directly request certain scheduling and beamforming restrictions at the aggressor eNB via the backhaul link. The aggressor eNB is then required to confirm or decline the request. Since the victim eNB may not be able to schedule the UE until it receives a response from all the coordinating eNBs, such an approach may cause a transition period when CoMP UE cannot be served in CoMP mode. The signalling information required for this form of coordination could be a handshake procedure with resource and beamforming restrcitions requests.
Coordination of reference signal transmissions:
Besides the coordination information exchanged for inter-eNB operation, some coordination of the reference signal transmissions might be also useful. For example, in Rel-10 non zero-power CSI-RS were introduced to facilitate channel measurements for the CSI of the neighbouring cell. Since in CS/CB CoMP interference suppression can be also performed in the spatial domain (e.g., via coordinated beamforming), CSI-RS configuration information from the aggressor eNB should be made available to the victim eNB. The victim eNB can then communicate this information to the UEs for their corresponding CSI measurements. In some cases, the exchange of zero-power CSI-RS configurations between cooperating eNBs might be also beneficial to facilitate interference measurements using CSI-IM.

3 Conclusions

In this contribution we discussed the possible signalling framework for inter-eNB coordination. The signalling for three coordination approaches is proposed as follows:

· One-way inter-eNB coordination:
· CSI measurements from victim eNBs, semi-static beamforming restrictions for time and/or frequency resources from aggressor eNB.
· Inter-eNB coordination via CPU:
· CSI feedback from victim eNBs to CPU, beamforming and resource assignments restrictions from CPU to coordinating eNBs.
· Inter-eNB coordination via handshake procedure: 
· Resource and beamforming restriction requests from victim eNB, resource and beamforming restrictions confirmation from the aggressor eNB.
In addition to the signalling for inter-eNB coordination, some signalling to support coordination of reference signal transmissions from the eNBs (e.g., CSI-RS configurations) seems to be also needed.
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