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1. Introduction

The SI on CoMP enhancement has been closed and moved to WI [1]. In this work item RAN3 will specify signalling of information identified by RAN1. The choice of interface (X2 vs. new interface) lies within the RAN3 scope. 
For RAN1 consideration and taking into account the study in [2], candidates of signalling could be, 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
2. Downlink CoMP with non-ideal backhaul
It can be found in [2] that eCoMP can achieve better performance gain if one-way backhaul delay is less than 5ms, especially for SCE 1 scenario where CRE has been considered as the performance baseline and the interference between macro cell and small cells can be relatively strong. Efficient eCoMP transmission relies on fast information exchange, sufficient information sharing and wise scheduling decisions. 
However, evaluated eCoMP schemes and associated signalling candidates described by each company during the SI are more or less unclear in our opinion. To facilitate signalling discussions in RAN3, it would be useful to clarify each type of information, e.g. in terms of information granularity in the time/frequency/space/power domains, information payload size, and information updating periodicity or trigger, etc, as far as possible. For example, for a cell-specific resource allocation restriction indicated to an eNB, it needs to be clarified how often such information shall be updated to guarantee eCoMP performance gain, what kind of detail needs to be included, what granularity of resource allocation restriction should be applied for the eNB, what behaviour is expected of the receiving eNB, etc. 
Proposal 1: Details of proposed signalling for eCoMP should be clarified as far as possible for RAN3.  
Our preferences of eCoMP signaling candidates are as follows. 

2.1. Coordination of RS configurations on X2
Each eCoMP implementation will be associated with proprietary requirements of reference signaling configurations for NZP CSI-RS, ZP CSI-RS, CSI-IM, and CSI processes in order to configure the desired CoMP measurement sets and channel/interference measurements. In our view, the coordination of RS configurations by X2 (or a new interface) would be needed only if the CoMP measurement set needs to be dynamically updated. Since the CoMP measurement set may typically be determined in a relatively static (OAM defined) CoMP cluster, RS configurations can be managed by OAM which can fulfill requirements of proprietary CoMP implementations. Therefore standardised signalling for the coordination of RS configurations may not be essential. 
· Used configurations of reference signals, CSI processes and CSI-IM configurations

As explained above, RS configurations for NZP CSI-RS, ZP CSI-RS, CSI-IM and CSI processes are in general static enough and can be pre-defined by OAM. The central coordinator might be able to obtain sufficient knowledge of RS configurations related to CoMP operation from OAM instead of needing standardised signalling from each cell.     

However, per-UE SRS configurations would be quite useful for TDD DL CoMP to assist simultaneous channel estimations for multiple UEs by taking advantage of channel reciprocity [3]. SRS configurations can be also beneficial for UL CoMP implementation. Since these are per UE, they cannot be configured by OAM, so it is worth supporting information exchange for the used SRS configurations at least.

Proposal 2:  The signalling of the following information shall be standardized and conveyed by X2 or new interface:

· Used SRS configuration of individual UEs
2.2. Information sharing to support scheduling decisions
· CSI reporting 

CSI reporting of individual UEs, including PMI, CQI and RI, has been used and evaluated widely in [4-13].  Rel-11 supports generic CoMP operation by using multiple CSI processes, CSI-IMs and NZP CSI-RS so that CSI reporting can measure multiple interference hypotheses and TPs simultaneously, and flexibly support a variety of eCoMP implementation methods, for example semi-static CS/SB, semi-static point muting, etc. Therefore it may be worth standardizing the signaling of UE-specific CSI reporting. 
· RSRP measurement or SRS received power of individual UEs
RSRP measurement or SRS received power of individual UEs could be useful when the network needs to trigger CoMP operation, assist interference estimation at the central coordinator, and determine or adjust a CoMP transmission scheme, including configuring CoMP measurement sets if necessary. Some CoMP schemes [4,14] also utilize RSRP measurement reporting for semi-static resource allocation if backhaul delay is relatively long, for example determining the threshold of power restriction. Those kinds of CoMP schemes may also be applied to pre-Rel-11 UEs. Therefore it may be worth standardizing the signaling of RSRP measurement or SRS received power of individual UEs.
· User perceived throughput 

In our understanding, user perceived throughput (UPT) of individual UEs may be necessary for scheduling decisions of eCoMP where a central coordinator needs to know each UE’s throughput in the cooperating cells in order to design global scheduling metrics for the entire CoMP cluster, stabilize performance gain (backhaul conditions can be complex and variable in time), and maintain user experience and fairness. The definition of UPT is given in 36.814 as “User perceived throughput (during active time) is defined as the size of a burst divided by the time between the arrival of the first packet of a burst and the reception of the last packet of the burst”. Therefore it may be worth standardizing the signaling of UE-specific user perceived throughput. 
· Buffer status information 
Exchanging UE-specific CSI information over the X2 (or new) interface seems to be unnecessary unless such UEs need DL resources for transmission in the near future. Therefore it would be beneficial for a central coordinator to collect buffer status information of individual UEs which are only known by their serving eNBs. Such information can be used by the central coordinator to determine PF metrics and assist resource allocation among cooperating cells (for example a cell with more data waiting in the queue for some UEs could be allocated with more resources). Therefore it may be worth standardizing the signaling of UE-specific buffer status information.  
· Priority information 
The major responsibility of a central coordinator is to resolve resource allocation competition among coordinated cells to mitigate interference and maximize spectral efficiency at the expense of the loss of scheduling flexibility. However, for multi-vendor CoMP it is difficult to share and standardize all details over the X2 (or new) interface which may be required by each vendor for proprietary QoS management, queuing management, power management, etc. Operators may also have specific policies to manage CoMP operation by trading off different services, energy saving, or CoMP gain. In order to sufficiently support multi-vendor eCoMP, priority information is proposed here to wrap up other relevant information (e.g. bearer level information which cannot be shared by X2 or new interface) to a single message to minimize the effort of standardization and maximize the implementation flexibility of eCoMP. To enforce mutual understanding of priority within a multi-vendor network among coordinator and coordinated eNBs, the determination of priority information would need to be aligned (either by specification or by OAM). Combing priority information, buffer status information, etc, the central coordinator may have a better judgement for resource allocation competition among cooperated cells in a multivendor network.  Probably one of the simplest examples would be to define a priority labelling similar to QCI so that the coordinator has better understanding of priority for each UE.  
· Other Information 

RNTP in Rel-11 provides a passive indication on DL power restriction per PRB in a cell (and the value of RNTP Threshold), the number of cell-specific antenna Ports, P_B and PDCCH interference impact which are needed by a neighbour eNB for interference aware scheduling. It may be beneficial to extend existing RNTP to include extra or finer-granularity information in a similar manner. Therefore enhanced RNTP-type information can be considered for enhanced interference aware scheduling and may include the following:

· UE domain: Enhanced RNTP may be extended to UE domain, for example resource usage labelled with UE ID. To reduce the signalling load, such domain information can consider a larger granularity, e.g. per subband or per frame. UE-specific information is beneficial for TDD where channel reciprocity can be exploited by utilizing the information of UE ID and used SRS configuration. Exchanging CSI measurement by X2 or new interface may then not be needed for TDD DL CoMP . 
· Power domain: It may be worth considering more RNTP thresholds or more states of power indication to support muting or finer power-level indication. For example, if two RNTP thresholds are defined, four states of values 0-3 may indicate power muting, Tx not exceeding RNTP threshold 1, Tx not exceeding RNTP threshold 2, and no promise on the Tx power is given. 
· Frequency/Time domain: Such domain information may be compressed with a larger reporting granularity if it is UE specific, e.g. per subband or per frame. Resource allocations in the frequency and time domains could be longer than the backhaul delay if the network load is high enough (which is also the typical scenario where eCoMP performance gain could be attractive enough).
· Spatial domain: it may be worth considering the indication of precoding/beam information that the serving cell intends to use above a certain power level, e.g. for a FDD system, if the backhaul/scheduling delay can be small enough so that beam coordination becomes feasible.
Other candidates of signaling, in our view, may have a lower priority, for example the usage of PF metric of individual UEs, QCI, etc might be more or less overlapped with user perceived throughput, and can be wrapped up by priority information.
Proposal 3:  To assist scheduling decisions for eCoMP, the following information shall be standardized and conveyed by X2 or new interface:

· CSI measurement reporting of individual UEs
· RSRP measurement or SRS received power of individual UEs
· User perceived throughput of individual UEs

· Buffer status information of individual UEs

· Priority information of individual UEs
· Enhanced RNTP-type information in space/time/frequency/power domain of individual cells
2.3. Resource coordination request and Resource coordination results
· Resource coordination request 

A resource coordination request provides a proactive indication on DL resource allocation sent from a central coordinator or a master eNB and received by a cooperating cell. The method of resource coordination request has been evaluated with different resource coordination granularity and scheduling restrictions. Such resource coordination request may include the following proactive restrictions to be applied to the cooperating cell:

· Power domain: it might be worth considering a request map in the power domain by changing or restricting a cooperating eNB’s transmission power in a similar way to the time-domain ABS request signalling that was introduced in Rel-10. More RNTP thresholds/states may be beneficial to support multi-level power restrictions, e.g. power muting, Tx shall not exceed RNTP threshold 1, Tx shall not exceed RNTP threshold 2, and no restriction on the Tx power. 

· Spatial domain: it might be worth considering a request map in the spatial domain by restricting a cooperating eNB’s precoder choice(s), e.g. preferred or non-preferred precoder. Similar to the concept of codebook subset restriction, those precoder restrictions (per subband/wideband) applied to a cooperating cell can be considered as the worst companion beams that would lead to strong interference or the best companion beams that would not lead to significant interference.  
· Frequency/time domain: the indication of request in the frequency/time domains may provide further enhancement of ICIC/eICIC by indicating proactive restriction information of usable resources (resource allocation) in both domains for each cell. 
· UE domain: the indication of a request in the UE domain may provide a restriction of resource allocation for some selected UEs. In other words, the coordinator may prioritize PRB allocation for UEs or avoid some PRB allocation for some UEs to mitigate and control interference. 
· Resource coordination results

In our understanding, most eCoMP schemes and associated evaluations have an implied assumption:  the scheduling decisions of each cooperating eNB in a CoMP cluster will fully follow the indication of any resource coordination requests. The cooperating eNBs shall work in a “slave” mode, at least for some scheduling functionalities. Since the proposed X2 or new signalling is to support inter-vendor CoMP transmission, it may therefore be necessary to feed back resource coordination results to the central coordinator. The central coordinator may then take such feedback into account for further resource coordination requests for all participating eNBs, and stabilize the performance gain for a CoMP cluster. Any degraded performance of eCoMP/CoMP must under no circumstances lead to negative performance gain, but a network operating eCoMP/CoMP under such degraded conditions should instead smoothly evolve into a network without cooperation. Indication of resource coordination results will assist the central coordinator to understand how each coordinated cell response the request, estimate how much cooperation  can be achieved,  and therefore improve robustness of eCoMP scheme especially for a multi-vendor network. 
Proposal 4: To support eCoMP transmission efficiently, indication of resource coordination request considering resource allocation in the space/time/frequency/power/UE domains should be standardized and conveyed by X2 or new interface.  
Proposal 5: Resource coordination results responding to resource allocation requests should also be standardized and fed back in order to avoid performance loss for a multi-vendor network.   

3. Conclusions

In this contribution, we analyzed signalling candidates for X2 or new interface should be considered by RAN3 for downlink eCoMP with non-ideal backhaul. In summary, we make the following proposals: 

Proposal 1: Details of proposed signalling for eCoMP should be clarified as far as possible for RAN3.  
Proposal 2:  The signalling of the following information shall be standardized and conveyed by X2 or new interface:

· Used SRS configuration of individual UEs
Proposal 3:  To assist scheduling decisions for eCoMP, the following information shall be standardized and conveyed by X2 or new interface:

· CSI measurement reporting of individual UEs

· RSRP measurement or SRS received power of individual UEs

· User perceived throughput of individual UEs

· Buffer status information of individual UEs

· Priority information of individual UEs
· Enhanced RNTP-type information in space/time/frequency/power domain of individual cells

Proposal 4: To support eCoMP transmission efficiently, indication of resource coordination request considering resource allocation in the space/time/frequency/power/UE domains should be standardized and conveyed by X2 or new interface.  
Proposal 5: Resource coordination results responding to resource allocation requests should also be standardized and fed back in order to avoid performance loss for a multi-vendor network.  
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