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1. Introduction

According to the study item description of RAN#60 for study on CoMP for LTE with non-ideal backhaul [1]

 REF _Ref292055767 \r \h 
[3], the charter is to evaluate co-ordinated scheduling and beam-forming, including semi-static point selection as candidate techniques involving multiple eNBs. If there are performance benefits, RAN1 is to recommend the techniques requiring the development of additional backhaul signalling [3] in RAN3. 
Inter-eNB coordination is known to provide different benefits for different deployment scenarios (e.g. [4][5]). The study item has identified 3 useful outdoor scenarios to evaluate the performance of the techniques [2].
In this contribution, we describe our views on requirements on feasible backhaul signalling options..
2. Requirements for Coordination Signaling
The backhaul signaling for coordination can be classified in three flavors, namely (i) signaling for configuration, (ii) exchange of measurements for coordination, and (iii) coordination mechanisms. Release 11 CoMP study left most of the above backhaul signaling to be implemented in a proprietary manner. Further, the measurements standardized were largely geared towards enabling multi-point reception under ideal backhaul. For CoMP with non-ideal backhaul, (i) (ii) and (iii) above also may need to be specified/standardized.
2.1. Configuration for Coordination
UE measurements, which are key enablers for CoMP, are facilitated in Release 11 through CSI processes. Configuration (description) of these measurements/reference signal processes can be exchanged across different eNBs. This exchange is possible even in the presence of non-ideal backhaul as the information is semi-static.  Further, configuring these measurement resource/processes across eNBs can be considered a  SON function, performed jointly to facilitate CoMP-NIB. 
Proposal 1: Inter-eNB backhaul signaling should enable exchange of configuration of measurements i.e. configuration of zero-power and non-zero power CSI-RS and IMR information. Further, jointly configuring these measurements can be treated as a SON function.  

2.2. Exchange of Measurements for Coordination
UE Measurements that enable Release 11 CoMP are not all suitable for exchange over non-ideal backhaul because some of the information is time sensitive and may not be useful when available late.  Filtering or statistical processing of the information may be used to extract long term information as well as to use the bandwidth on the backhaul more efficiently. The filtering can take the form of sub-setting of the UEs to reduce backhaul burden.  We recommend that the mechanism on the backhaul retain the ability to exchange raw or aggregated UE measurement information. Further, the recipient should be able to correlate the information with the conditions under which it was obtained. For example, when exchanging the CSI information, the configuration of the CSI process may be shared as well. Optionally, one can consider exchange of time-stamps to accompany the measurement information. Similarly, the current backhaul signaling allows exchange of ‘load information’ capturing over-the-air resource usage for an eNB. This can be complemented with backhaul resource usage information, such as queue sizes, backhaul consumed bandwidth and estimated available bandwidth. Further, exchange of some of the eNB measurements, such as user load (number of active flows and sessions) can facilitate coordination for increased network/cluster-wide fairness. 
Proposal 2: Filtered or raw CSI measurements should be exchanged over the backhaul.
Proposal 3: Exchange of information about eNB resource usage metrics, metrics representative of the imperfection of the backhaul should be considered (e.g. queue sizes, estimated spare and consumed backhaul capacity.) 
2.3. Coordination Mechanisms
The current backhaul mechanisms for coordination on the downlink (i.e. ability to inform eICIC/ABS patterns for time domain coordination and RNTP for frequency domain coordination) are proactive and indicative in nature.  On the other hand, coordinated scheduling across eNBs in a cluster, without large duplication of potentially time-sensitive information across nodes, requires the ability for one entity to request/reserve/configure resources on another node. This functionality is not easily accomplished with indicative signaling. Further, some of the situations requiring coordination are inherently reactive e.g. in an unplanned deployment of small cells, a victim cell experiences interference from an aggressor cell (without knowledge at the aggressor cell). In such situations, the victim cell informing/requesting the aggressor cell for interference coordination may provide benefits. The mechanisms most useful in these situations (coordinated scheduling, reactive coordination) look like two-way hand-shakes (request and response). Nevertheless, mandating any action or response from the aggressor eNB would be considered as limiting the scheduling options available to the eNB. Our view is that although any new reactive backhaul signaling can remain indicative, specifying in the standards an optional response from the recipient cell can facilitate simultaneous coordination across multiple cells.  Such reactive indication can be assumed to   remain in effect until a new update is received.  Algorithm support to use the reactive signaling for communicating scheduling decisions may be left to implementation.  
Proposal 4: Although reactive mechanisms for coordination that are indicative (i.e. not mandating action or response from the recipient) are preferable, an optional response to these mechanisms should be defined.
3. Conclusion

We have described certain requirements for backhaul signaling enhancements that may facilitate coordinated scheduling under non-ideal backhaul. 

Proposal 1: Inter-eNB backhaul signaling should enable exchange of configuration of measurements i.e. configuration of zero-power and non-zero power CSI-RS and IMR information. Further, jointly configuring these measurements can be treated as a SON function.    

Proposal 2: Filtered or raw UE measurements are made available for exchange over the backhaul.

Proposal 3: Exchange of information about eNB resource usage metrics, representative of the imperfection of the backhaul may be enabled e.g. queue sizes, estimated spare and consumed backhaul capacity.  

Proposal 4: Although reactive mechanisms for coordination that are indicative (i.e. not mandating action or response from the recipient), are preferable, an optional response to these mechanisms should be defined.
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