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1.

Introduction
A new work item on Inter-eNB CoMP for LTE was agreed in RAN #62 [1]. The objectives of this work item are described as follows: 
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.
The work for RAN1 is to identify the information that needs to be exchanged among eNBs in order to facilitate CoMP CS/CB. The required inter-eNB signaling could be different depending on whether distributed coordination or centralized coordination is implemented. In this contribution, we provide our recommendations for these two CoMP categories. 
2.

Inter-eNB Signalling for Distributed Coordination
The distributed resource/interference coordination between two neighbouring eNBs has already been supported in Pre-Rel-12. For example, Rel-8 RNTP can be exchanged between two eNBs to indicate the interference level in frequency domain. In Rel-10, the eNB configuring ABS can inform its neighboring eNBs of its muted subframes. Either RNTP or ABS inter-eNB signalling can be used to facilitate CoMP Coordinated Scheduling (CS) in a distributed way. However, these inter-eNB signalling have certain limitations, e.g., they can only indicate the muted resource in one dimension, either frequency domain or time domain. Such limitations reduce the flexibility of eNB resource scheduling. As shown in Fig. 1, all RBs in a subframe have to be muted if it is configured as an ABS. On the other hand, the eNB has to mute the same set of RBs for multiple consecutive subframes (depending on the RNTP update period) if it uses the RNTP signalling to indicate the interference level. 
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Fig. 1 Different levels of scheduling flexibility supported by different types inter-eNB signalling
In order to remove the above restrictions on resource scheduling, enhanced RNTP/ABS inter-eNB signalling should be considered for CoMP CS. One possible enhancement is to extend the RNTP/ABS bitmap to indicate the muted RBs in each of multiple consecutive subframes, which could be different in different subframes. This enhancement can ensure the full flexibility of eNB resource allocation and thus can achieve the maximum CoMP gain. If the backhaul signalling overhead is a big concern, the two-dimensional bitmap can be replaced by the following two one-dimensional bitmaps: the first bitmap to indicate the muted subframes and the second bitmap to indicate the muted RBs in non-muted subframes. This solution can achieve a good balance between the scheduling flexibility and the backhaul signalling overhead. Based on the above discussion, we have the following proposal. 

Proposal 1: Enhanced RNTP/ABS inter-eNB signalling should be considered for distributed coordination. 
The time period and update frequency of the enhanced RNTP/ABS inter-eNB signalling need further study in order to support CoMP CS with various backhaul delays. It is not necessary to use the same time period as the ABS backhaul signalling, since the alignment of the uplink HARQ timing is not required anymore in this case. In addition, the updated frequency of the enhanced inter-eNB signalling needs to be carefully chosen by considering the tradeoff between the system performance and the backhaul overhead for different backhaul delays. Note that the optimal time period and updated frequency of the enhanced inter-eNB signalling may not be supported by X2 interface. In this case, an enhanced X2 or new inter-eNB interface may be needed. Based on the above discussion, we have the following proposal. 
Proposal 2: The time period and update frequency of the enhanced RNTP/ABS inter-eNB signalling need further study in order to support CoMP CS with various backhaul delays.

3.

Inter-eNB Signalling for Centralized Coordination
CoMP with NIB can also be implemented in a centralized way. In [2], a hybrid scheduler was suggested for CoMP with NIB. The hybrid scheduler consists of a centralized scheduler and multiple individual schedulers as shown in Fig. 2. The centralized scheduler could be located in any eNB within the CoMP cooperating set. It collects certain group 1 information from each eNB in order to semi-statically coordinate the resource allocation among eNBs. The group 1 information could be the CSI information and the RRM measurements. Note that depending on the backhaul delay, the CSI information could be either instantaneous or long-time statistics. The output of the centralized scheduler is the allocated resource for each eNB within the CoMP cooperating set, e.g., the assigned RBs for each eNB. The individual scheduler is located in each eNB. It takes the resource allocation information from the centralized scheduler as well as certain group 2 information in order to dynamically schedule UEs in each subframe. The group 2 information could be the instantaneous CSI. 
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Fig. 2 A hybrid CoMP scheduler for centralized coordination
In the above centralized coordination, only group1 information needs to be exchanged among eNBs. The design of the detailed inter-eNB signalling for the centralized coordination should take the backhaul capacity/limitations into account. If the backhaul is bandwidth limited, it may not be possible for the eNB to send all available CSI/RSRP reports to the centralized scheduler. In this case, the eNB could send a subset of the CSI/RSRP reports, for example, the CSI reports for wideband or for some selected subbands. If the backhaul delay is relatively large, the eNB could calculate some long-term CSI/RSRP statistics based on the received CSI/RSRP reports and send them to the centralized scheduler.

In addition, if the ePDCCH is enabled, the parameters related to the ePDCCH configuration such as the aggregation level could also be exchanged between the centralized scheduler and the individual schedulers in order to coordinate the transmissions of ePDCCH. Based on the above discussion, we have the following proposal:  
Proposal 3: The following backhaul signalling should be considered for centralized coordination. 

· One or more sets of CSI/RSRP reports of individual UEs.
· A subset of all available CSI/RSRP reports for the bandwidth-limited backhaul.

· Long-term CSI/RSRP statistics for the delay-limited backhaul.
· Indication of resource coordination result or resource coordination request.
· The parameters related to the ePDCCH configuration, if the ePDCCH is enabled.
4.

Distributed Coordination VS. Centralized Coordination

In general, the centralized coordination performs better than the distributed coordination [3]. However, the centralized coordination requires a new type of node to perform centralized resource allocation, which may incur a significant change in network architecture. In addition, the centralized coordination results in higher backhaul overhead than the distributed coordination. Furthermore, even the centralized coordination itself can only achieve moderate performance gain and the gain decreases with the increasing backhaul delay. The reported CoMP gains from most companies seem not sufficient to motivate dramatic changes of network architecture. Based on the above reasons, we have the following proposal. 
Proposal 4: Given that CoMP with NIB can only provide moderate performance gain, the inter-eNB signalling for distributed coordination should be prioritized in order to minimize the specification impact. 

5.

Conclusion

In this contribution, we investigated the required backhaul signalling for the distributed and the centralized CoMP implementations. We have the following proposals:

Proposal 1: Enhanced RNTP/ABS inter-eNB signalling should be considered for distributed coordination. 
Proposal 2: The time period and update frequency of the enhanced RNTP/ABS inter-eNB signalling need further study in order to support CoMP CS with various backhaul delays.
Proposal 3: The following backhaul signalling should be considered for centralized coordination. 

· One or more sets of CSI/RSRP reports of individual UEs.

· A subset of all available CSI/RSRP reports for the bandwidth-limited backhaul.

· Long-term CSI/RSRP statistics for the delay-limited backhaul.
· Indication of resource coordination result or resource coordination request.
· The parameters related to the ePDCCH configuration, if the ePDCCH is enabled.
Proposal 4: Given that CoMP with NIB can only provide moderate performance gain, the inter-eNB signalling for distributed coordination should be prioritized in order to minimize the specification impact. 
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