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1 Introduction

In RAN1#76, WFs [1][2][3][4] were discussed but  no consensus was reached.  In RAN#63, it is agreed to reduce the scope of WI to the items listed in [5], which are intended to be specified in Rel-12.  RAN1 is tasked to provide guidance to RAN3 on the details of signaling between eNodeBs, limited to the parameters listed in [5] as follows:.
· A CoMP hypothesis comprising a hypothetical resource allocation for at least the receiving node in time/frequency domains 

· How to react to a reck/heived CoMP hypothesis signaling is up to receiving eNB’s implementation. E.g. accept or ignore, potentially sending a feedback e.g. “yes/no” to the sending node.
· RAN1 should provide guidance to RAN3 on necessary granularity and rate of CoMP hypothesis in time/frequency domain.

· One or more sets of CSI information (RI, PMI, CQI) of a set of UEs that can be supported taking into account limitations of existing X2 interface

· RAN1 should provide guidance to RAN3 on necessary rate of exchanging one or more sets of CSI reports over X2 interface 

· One or more measurement reports (RSRP) of a set of UEs

· Enhanced RNTP can be signaled between eNBs to facilitate CoMP

· Information granularity of the Enhanced RNTP is extended to the frequency/time domain

· RAN1 should provide guidance to RAN3 on necessary granularity and rate of Enhanced RNTP in time domain

· Information in the Enhanced RNTP is (optionally multi-level) transmit power threshold for only the sender eNB.

· RAN1 should provide guidance to RAN3 on necessary granularity of transmit power threshold and how many levels should be defined

· Possible enhancement on existing Status report, which can be signaled between eNBs to exchange the usage status of the indicated frequency/time resources

· Details of benefit metric should be decided in RAN1 and should be provided to RAN3 from RAN1#76bis
In this contribution, we share our view on the details of these parameters for inter-eNB signalling.
2 Details of inter-eNB CoMP Signalling
In this section, we discuss the details of the parameters agreed in RAN#63 for inter-eNB signalling including: CoMP hypothesis, CSI information, RSRP, Enhanced RNTP and benefit metrics.  The granularity and rate requirements are also discussed.
2.1 CoMP hypothesis 

As described in [8], inter-eNB CoMP WI targets at supporting both centralized and distributed coordination.  The use of CoMP hypothesis and the corresponding response can be different in different types of coordination.  The requirements of granularity and rate can be different for different types of coordination.  In general, centralized scheduling requires finer granularity and rate due to tighter coordination requirement.  For centralized scheduling, the CCU sends signalling of CoMP hypothesis comprising a hypothetical resource allocation at the receiving nodes.  Because the CCU often understands better on the overall network situation with all the CSI information from the network,  it is expected the receiving nodes often follow the suggestion.   For distributed coordination, CoMP hypothesis can be used to request the receiving nodes to perform coordination e.g. muting in particular resources.   At the same time, the receiving node may receive different coordination request from different node.   The coordination requests from different nodes may conflict due to the lack of coordination.  Therefore, in distributed scheduling cases, the receiving node is more likely to reject the coordination request than in case centralized scheduling.  Also, it may usually have different reaction for different allocated resources.
In evaluation done in CoMP-NIB SI [9], the major performance gain of inter-eNB CoMP comes from the case with 5ms backhaul latency.   To realize the gain, the rate of CoMP hypothesis should be as fast as 5ms and the granularity should be as fine as PRB basis in frequency domain and subframe basis in time domain.    However, this depends on the backhaul capacity and latency.  Coarser granularity and slower rate should also be supported.  For granularity, wideband  basis and radio frame basis can also be supported.   To adapt according to backhaul loading, rates of 5ms, 10ms, 20ms and 50ms can be allowed.  It is desirable for the eNBs to exchange the expected rate so that they can adjust the coordination strategy.   If the response exists, the granularity of the response should be the same as CoMP hypothesis.   However, the rate of response is not necessarily the same as the rate of CoMP hypothesis signalling.  It can also be done based on event trigger. 
Proposal 1:  Different options of granularity and rate of CoMP hypothesis should be supported depending on different backhaul situation.   
· The finest granularity should be PRB basis in frequency and subframe basis in time domain.  
· The rates of 5ms, 10ms, 20ms and 50ms should be supported.  
· The rate of response on CoMP hypothesis can be based on event trigger.
2.2 CSI/RSRP information

CSI information of one node is sent to another node for different purposes in different network architecture.    For centralized network architecture, CSI information can be used for centralized scheduling.  For distributed network architecture, CSI information can be used in the receiving node to estimate the benefit of coordination obtained by the sending node.     For centralized scheduling, each eNB sends the CSI reports of  selected sets of UEs (e.g. CoMP UEs) to CCU.  The CCU performs centralized scheduling based on the CSI reports.   To support efficient centralized scheduling, the CCU should be able to identify each CoMP hypothesis of the multiple CSI processes of each selected UE.  This can be done by attaching cell ID and UE ID to the CSI report.   For RSRP information, it is based on longer term measurement which can be used for coordination in slower rate.  
The shortest periodicity of CSI-RS/CSI-IMR is 5ms and the CSI feedback can be per-subband.  Therefore, the finest granularity of CSI information can be 5ms in time and subband (i.e. several PRBs) in frequency.   The rate of CSI information can be as fast as 5ms to match the rate of CoMP hypothesis.  For the RSRP, it can be based on event triggered since it is longer term information.   
Proposal 2:  Different options of granularity and rate of per-UE CSI information should be supported depending on UE feedback granularity and rate and  backhaul situation.  .   

· The finest granularity of CSI information can be 5ms in time and subband (i.e. several PRBs) in frequency.  

· The rates of 5ms, 10ms, 20ms and 50ms should be supported. 
· The rate of RSRP is based on event trigger.
2.3 Enhanced RNTP

RNTP indication per PRB is based on a threshold RNTPthreshold which is  
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 .   If the maximum intended EPRE in given PRB will not exceed the RNTPthreshold,  in the considered future time interval, then the indication bit will be set to “0”, otherwise, it will set to “1”.
There are two possible enhancements to RNTP.  The first one is to extend it to time-domain.  Another one is to enhance it in power domain.   The current RNTP information is obtained by event trigger.  It is often considered for long term coordination.   It is questionable the gain of time-domain extension for long term coordination.  For fast coordination, supporting CoMP hypothesis should be good enough.   The priority of enhanced RNTP should be given to multiple level RNTP.   We should take the simplest approach by adding two more thresholds to make it four levels of power instead of two levels as shown in the table below.  This way, the lowest level can corresponding to muting status.  

	00
	
[image: image2.wmf]1

threshold

RNTP

£

 

	01
	
[image: image3.wmf]2

threshold

RNTP

£



	10
	
[image: image4.wmf]3

threshold

RNTP

£

 

	11 
	 No promise on the Tx power


where RNTPthreshold1< RNTPthreshold2< RNTPthreshold3
Proposal 3: Enhance RNTP based on multi-level transmit power thresholds.   Rate and other granularity is kept the same as the current RNTP scheme.
2.4 Benefit metric 

Benefit metric [4] is a metric associated with the CoMP hypothesis, quantifying the benefit if the receiving node implements (its part of) the CoMP hypothesis.   The usefulness of benefit metric can depend on whether it is centralized or distributed coordination.  For centralized scheduling, it is expected the receiving nodes often follow the resource allocation.  Benefit metric doesn't seem to be useful.   For distributed coordination,  CoMP hypothesis should be used for muting request on particular resources.  Benefit should be referred to the benefit of sending node instead of the receiving node.  In this case, the benefit metric can be useful to help the receiving node to decide whether or not to accept the coordination request.  However even without signalling the benefit metric, the benefit can be estimated by the receiving node if CSI information of the scheduled UEs are exchanged.   Benefit metric can be derived from other parameters rather than CSI information but it is questionable that the additional gain can be obtained with this benefit metric.  The details of benefit metric seems to need more time for discussion.  Given that the limited time available for this WI, this should be put in lower priority.
3 Conclusion
In this contribution, we further discuss the remaining details about signalling to support inter-eNB COMP via X2 interface based on the reduced scoped agreed in the RAN#63 meeting.  We have the following proposals:
Proposal 1:  Different options of granularity and rate of CoMP hypothesis should be supported depending on different backhaul situation.   

· The finest granularity should be PRB basis in frequency and subframe basis in time domain.  

· The rates of 5ms, 10ms, 20ms and 50ms should be supported.  

· The rate of response on CoMP hypothesis can be slower or based on event trigger.

Proposal 2:  Different options of granularity and rate of per-UE CSI information should be supported depending on UE feedback granularity and rate and  backhaul situation.  .   

· The finest granularity of CSI information can be 5ms in time and subband (i.e. several PRBs) in frequency.  

· The rates of 5ms, 10ms, 20ms and 50ms should be supported. 
· The rate of RSRP is based on event trigger.
Proposal 3: Enhance RNTP based on multi-level transmit power thresholds.   Rate and other granularity is kept the same as the current RNTP scheme.
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