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1 Introduction
At RAN#60 plenary meeting, the Study Item on CoMP for LTE with non-ideal backhaul has been approved. The objectives of the SI are as following [1]:
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.  
According to the objectives, the CoMP technique signalling for inter-eNB operation should be specified, so in this contribution, we will discuss the signalling supporting for CoMP with non-ideal backhaul and provide our views.
2 Discussion
2.1 General signaling for CoMP with non-ideal backhaul 
In the Rel-11, CoMP SI/WI was extensively studied and CoMP with the ideal backhaul has been standardized. Now in the Rel-12, the CoMP with non-ideal backhaul will be studied. Compared with the Rel-11 CoMP, the challenge of the CoMP with non-ideal backhaul is the backhaul delay and throughput limitation. Thus, to design the appropriate signalling for the CoMP with non-ideal backhaul is essential and important. 
Regarding the signalling for CoMP, there are two types of signalling, one is the air-interface signalling and another is X2 signalling (inter-eNB signalling). For the air-interface signalling, we think it is discussed fruitfully in Rel-11 CoMP and the UE CSI feedback mechanism is enhanced [2].  For instance, multiple CSI-RS resources can be configured to a UE and then the UE can perform multiple CSI reports for multiple transmission points. Through the enhanced CSI feedback, the different CoMP schemes can be operated effectively. Moreover, according to the SID [1], the study is to focus the non-ideal backhaul delay under the Rel-11 CoMP framework. Therefore, the current air-interface signalling mechanism for Rel-11 CoMP is no need to enhance and should be reused for CoMP with non-ideal backhaul. For the X2 signalling, only spent a little time to discuss in the Rel-11 and it is not specified finally. Thus, according to the analysis, we have the following observation: 
Observation 1: It is unnecessary to enhance the air-interface signalling and should focus on X2 signalling enhancement in the SI.
2.2 Candidate schemes for CoMP with non-ideal backhaul
In Rel-11, CoMP with ideal backhaul has been standardized. More specifically, there are three CoMP schemes are introduced including joint transmission (JT), dynamic point selection (DPS) and coordinated scheduling/beamforming (CS/CB) [3]. Thus, there is a straightforward way that the three CoMP schemes can be supported for CoMP with non-ideal backhaul. However, considering the different CoMP schemes have different kinds of information exchange via backhaul, only the DPS and CS/CB may be feasible for CoMP with non-ideal backhaul.
In Rel-11, for the dynamic point selection/muting, the transmitting /muting point may change from one subframe to another and data is available simultaneously at multiple points. In order to support CoMP with non-ideal backhaul, the semi-static point selection/muting (SSPS/SSPM) can be considered.

For SSPS, a UE need to maintain connection to multiple TPs at the same time, but at a certain period, the transmission point for a UE is predefined according to the coordination information between TPs. In details, the coordination information can be regarded as the transmission point selection pattern and the pattern for a UE can be coordinated via X2 signalling. Moreover, considering the delay of non-ideal backhaul, the data exchanged between the TPs is not practical. So the dual connectivity [4] can be adopted for data sharing or partitioning between cooperated TPs.  However, the current framework for DPS has to be changed for SSPS even the dual connectivity applied. 
We assume there are two TPs for DPS operation, the CoMP UE can receive PDSCH dynamically between serving TP1 and neighbour TP2, but  only receive PDCCH from the serving TP1 and transmit PUCCH to serving TP1. However, considering the non-ideal backhaul delay, in order to support SSPS, the neighbour TP2 needs to schedule the CoMP UE independently and that means the CoMP UE need to receive the PDCCH and/or EPDCCH form the neighbour TP2. Moreover, it is desired that the neighbour TP2 can directly receive the CoMP UE’s uplink transmissions. Therefore, under the current work mechanism of DPS, it is not feasible to apply SSPS for CoMP with non-ideal backhaul. 
Observation 2: It is not feasible to apply SSPS for CoMP with non-ideal backhaul under the current work mechanism of DPS.
For SSPM, the TP can mute particular PRBs in the frequency domain and /or certain subframes in time domain based on the X2 signaling. Thus the link quality of the CoMP UE can be improved since the interference can be mitigated due to the TP muting. Obviously, the method is similar to the information of ABS pattern in eICIC. Compared to the eICIC, the SSPM may provide smaller granularity of resource for muting, for instance, there may be only one PRB muted in a certain subframe. However, it is not sure the SSPM can provide more throughput gain than the eICIC. In addition, the eICIC adopted between small cells was discussed in the small cell section and thus the eICIC may be applied between small cells with high probability [5]. Therefore, considering the mechanism of eICIC is similar with SSPM and eICIC may achieve the same performance gain as SSPM, we think it is unnecessary to study the SSPM for CoMP with non-ideal backhaul.
Observation 3: It is unnecessary to study the SSPM in the SI since the eICIC may play the role of SSPM.
Regarding the CS/CB, the PDSCH data for an UE is only available at and transmitted from one point in the CoMP cooperating set and the transmitting points are chosen semi-statically. Moreover, for CS/CB, the scheduling/beamforming decisions for user of each TPs are made with the coordination among TPs corresponding to the CoMP cooperating set. The coordination between TPs may contain the CSI of the UEs of the cooperating TPs and the resources coordination, in other words, there is no need to exchange control information which is sensitive to the backhaul delay. Therefore, the CS/CB is feasible for the CoMP with non-ideal backhaul.
Observation 4: The CS/CB is feasible for the CoMP with non-ideal backhaul.
Therefore, according to the above the observations, we have the following proposal:

Proposal 1: We should focus on studying the X2 signalling for supporting CS/CB for CoMP with non-ideal backhaul.
Thus we will give our suggestions of the detail signaling for CS/CB. In Rel-11, the multiple CSI-RS can be configured for a UE and multiple CSI processes are introduced for CoMP. Thus the CS/CB cooperation can be performed the by collecting the reported CSI of cooperation TPs from CoMP UE. Therefore, considering supporting CS/CB scheme for CoMP with non-ideal backhaul, the following information should be coordinated via X2 signalling between TPs in the CoMP cooperating set.
· CSI configuration parameters 
· Scheduling information at least including scheduled time and frequency resource

· CSI reports

Therefore, we have the proposal as below:

Proposal 2: The following information should be coordinated via X2 signalling for supporting CoMP with non-ideal backhaul:

· CSI configuration parameters 
· Scheduling information at least including scheduled time and frequency resource

· CSI reports
3 Conclusion

In this contribution, we discuss the inter-eNB signalling for CoMP with non-ideal backhaul and have the flowing observations:

Observation 1: It is unnecessary to enhance the air-interface signalling and should focus on X2 signalling enhancement in the SI.
Observation 2: It is not feasible to apply SSPS for CoMP with non-ideal backhaul under the current work mechanism of DPS.
Observation 3: It is unnecessary to study the SSPM in the SI since the eICIC may play the role of SSPM.
Observation 4: The CS/CB is feasible for the CoMP with non-ideal backhaul.
Based on the above observations, we kindly suggest that RAN1 agree on the following proposals:

Proposal 1: We should focus on studying the X2 signalling for supporting CS/CB for CoMP with non-ideal backhaul.
Proposal 2: The following information should be coordinated via X2 signalling for supporting CoMP with non-ideal backhaul:
· CSI configuration parameters 
· Scheduling information at least including scheduled time and frequency resource

· CSI reports
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