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1 Introduction
In RAN#63, it was agreed that the scope of work item on inter-eNB CoMP for LTE is reduced to the items listed below based on X2 interface [1]:
· A CoMP hypothesis comprising a hypothetical resource allocation for at least the receiving node in time/frequency domains 
· How to react to a received 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

According to the above RAN agreement, RAN1 should make final decision on the signaling parameters and provide guidance on detail of each signaling parameter to RAN3 in RAN1#76bis to complete the WI as scheduled. In this contribution, we provide details on the first three bullets of the above signalling items which would be essential parameters to allow implementation of both centralized and distributed coordination.
2 Inter-eNB Operation for CS/CB
During discussion on the SI “CoMP for LTE with non-ideal backhaul”, it was shown that CoMP schemes based on coordinated scheduling and/or beamforming (CS/CB) can provide a performance gain in case of high RU and low-to-medium backhaul latency [2-5]. However, evaluation results in [6] and [7] shows that the performance gain differs significantly depending on CoMP schemes. A CS/CB scheme based on one-way exchange of information such as enhanced RNTP-type information in frequency/time domain provides only marginal UPT gains. The reason for the marginal gains of such CS/CB scheme based on one-way exchange of information was analysed in [6] and [7] as follows:

1. Different interference assumption in each eNB to generate the coordination result: Since each cell has different set of interfering cells, each cell will be provided with different RNTP-type information from its neighboring cells. The result of resource scheduling in each cell could in fact turn out to be quite different from what the other cell would actually prefer.

2. Inaccurate link adaptation and opportunistic scheduling due to lack of resource utilization in interfering cells: Each cell cannot generate the optimal UE scheduling or link adaptation in consideration of the coordination result of interfering cells because the interfering cells do not send whether they are utilizing a certain resource or not.

An alternative CS/CB operation which can overcome such limitations of the CS/CB scheme based on one-way exchange of information is to collect the UEs’ CSIs from multiple eNBs and process together to allocate the optimal wireless resources to multiple cells so as to enhance the overall system performance. The result of the resource allocation would be forwarded to the individual eNBs. Upon receiving the result of the resource allocation, the eNB would know which wireless resources can be used for each of its cells. Each eNB would transmit its downlink according to the allocated wireless resources. Furthermore, in the process of doing so, information on the resource allocation of neighboring cells is forwarded to each eNB. Such information would allow the eNB to adjust the link adaptation process to meet the required link performance for the given interference situation. Figure 1 shows the two-way exchange of information of multiples cells for the alternative CS/CB operation

Evaluation results in [2], [6] and [7] show that such centralized CS/CB operation can provide promising performance gains which are larger than that of the CS/CB scheme based on one-way exchange of information in both of SCE scenario 1/2a and CoMP scenario 2.
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Figure 1: CS/CB operation

For such CS/CB operation, we propose that:

Proposal:
· The Rel-12 specification should support the following two-way information exchange:

· Information gathered to produce the optimal resource allocation from each eNB
· One or more sets of CSI information (RI, PMI, CQI) of a set of UEs
· One or more measurement reports (RSRP) of a set of UEs
· Information forwarded to each eNB

· A CoMP hypothesis comprising a hypothetical resource allocation for at least the receiving node in time/frequency domains
3 Details of Each Signalling Information for Inter-eNB CoMP
In this section, we provide further details on CoMP signalling information which was identified in Section 2 for better understanding in RAN1 and clearer guidance to RAN3.
One or more sets of CSI information (RI, PMI, CQI) of a set of UEs:

The CS/CB scheme based on two-way information exchange would try to find the optimal wireless resource allocation for the cells within coordination area to maximize the overall area performance. The metric for the optimization should be based on CSIs associated with various channels and interference situations [2]. In particular, each eNB could have multiple CSI reports from UEs by allocating multiple CSI processes each of which is associated with a specific NZP CSI-RS and IMR coordinated among eNBs. According to Rel-11 CoMP specification, the maximum number of CSI processes for a UE is four.
The set of UEs corresponding to CSI information to be exchanged could be down-selected among all active UEs in each eNB taking into account PF metric and buffer status of each UE. How to down-select the set of UEs in each eNB would be up to eNB’s implementation. In particular, since such UE down-selection could be different per each PRB, one or more sets of CSI information of a set of UEs could be signalled in each PRB level. 
In addition, if CSI information is exchanged together with the corresponding UE ID, the coordinating node could manage the record of how many wireless resources were hypothetically allocated to a certain UE. Such record could be utilized to search for the optimal wireless resource allocation in consideration of PF and buffer status of UEs in coordination area.
Furthermore, the update period of CSI information would be an important factor that should be carefully decided taking both CoMP performance and X2 limitation into account. In order to compare the impacts on the CoMP performance according to the update periodicity of CSI information, we provided evaluation results in [6] and [7] where similar performance was observed between 1ms and 5ms update periodicities. Based on the evaluation results, 5ms update period could be an acceptable rate of exchanging CSI information. The exact value of update period could be decided in RAN3 taking into account limitation of existing X2 interface.
Having discussed above, possible RAN1 guidance to RAN3 on exchanging one or more sets of CSI information would be as follows:

· 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

· Signalling periodicity: 5ms or smaller
· RAN3 to specify the exact periodicity taking into account limitation of existing X2 interface
· Per subframe identified by subframe index:

· Per cell in sending eNB identified by cell ID:

· Per RB identified by RB index:

· Per UE identified by UE ID:

· One or more set(s) of CSI information (maximum number of set(s) equals to four); and

· Corresponding assumption on CSI process associated to each set of CSI information

One or more measurement reports (RSRP) of a set of UEs
Information related to long-term DL received power which could be derived by using one or more measurement reports (RSRP) would provide the following benefits for inter-eNB CoMP:

·  To increase the number of eNBs to be participated in coordination

· On top of multiple CSI processes, additional downlink channel information of neighbouring eNBs could be taken into account to generate coordination results

· To treat of legacy UEs and UEs capable of only one CSI process
In RAN1 and RAN2 spec perspective, RSRPs for up to eight cells are reported by individual UEs possibly with the period to be event triggered. Therefore, RAN1 guidance to RAN3 on one or more measurement reports (RSRP) would be as follows:
· One or more measurement reports (RSRP) of a set of UEs
· Signaling period: Event triggered

· Per cell in sending eNB identified by cell ID:

· Per UE identified by UE ID:

· One or more set(s) of {RSRP and cell ID} (maximum number of set(s) equals eight)

CoMP hypothesis comprising a hypothetical resource allocation n time/frequency domains
As described in Section 2, if the result of resource coordination is distributed to the eNBs, each eNB would know which wireless resources are hypothetically assigned for its cells. In addition, information on the resource allocation of neighboring cells could be also forwarded to each eNB. Such information would allow the eNB to adjust the link adaptation process to meet the required link performance for the given interference situation. Given that resource coordination is performed based on the aforementioned one or more sets of CSI information, it would be natural that signalling rate and granularity of CoMP hypothesis is the same as that of CSI information. 

Based on the discussion above, RAN1 guidance to RAN3 on CoMP hypothesis would be as follows:
· A CoMP hypothesis comprising a hypothetical resource allocation for at least the receiving node in time/frequency domain
· Signaling periodicity: 5ms or smaller
· RAN3 to specify the exact periodicity taking into account limitation of existing X2 interface

· Per subframe identified by subframe index:

· Per cell in coordination area identified by cell ID:

· A CoMP hypothesis with granularity of one RB in the form of bitmap

4 Conclusion
This contribution discusses on CS/CB operations between eNBs and the corresponding inter-eNB signalling supports. Having discussed above, the followings are proposed

Proposal 1: The Rel-12 specification should support the following two-way information exchange:
· Information gathered to produce the optimal resource allocation from each eNB

· One or more sets of CSI information (RI, PMI, CQI) of a set of UEs
· One or more measurement reports (RSRP) of a set of UEs
· Information forwarded to each eNB

· A CoMP hypothesis comprising a hypothetical resource allocation for at least the receiving node in time/frequency domains
Furthermore, the following RAN1 guidance to RAN3 on each signalling information is provided:
RAN1 guidance to RAN3 on each signalling information:

· 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

· Signalling periodicity: 5ms or smaller
· RAN3 to specify the exact periodicity taking into account limitation of existing X2 interface
· Per subframe identified by subframe index:

· Per cell in sending eNB identified by cell ID:

· Per RB identified by RB index:

· Per UE identified by UE ID:

· One or more set(s) of CSI information (maximum number of set(s) equals to four); and

· Corresponding assumption on CSI process associated to each set of CSI information

· One or more measurement reports (RSRP) of a set of UEs
· Signaling period: Event triggered

· Per cell in sending eNB identified by cell ID:

· Per UE identified by UE ID:

· One or more set(s) of {RSRP and cell ID} (maximum number of set(s) equals eight)

· A CoMP hypothesis comprising a hypothetical resource allocation for at least the receiving node in time/frequency domain
· Signaling periodicity: 5ms or smaller
· RAN3 to specify the exact periodicity taking into account limitation of existing X2 interface

· Per subframe identified by subframe index:

· Per cell in coordination area identified by cell ID:

· A CoMP hypothesis with granularity of one RB in the form of bitmap
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