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1 Introduction
In 3GPP RAN #62 meeting, the work item description (WID) on inter-eNB CoMP for LTE was agreed for Release 12 [1]. According to the WID, RAN1 is responsible for identifying information that needs to be specified in RAN3 for inter-eNB CoMP. Example of information for inter-eNB CoMP is given as follows:
· 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
This contribution summarizes Samsung’s view on what information should be specified in RAN3 to properly operate inter-eNB CoMP.

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]. Inter-eNB CoMP can be supported in more than one way. In this contribution we discuss the signalling necessary for operation of CS/CB based on either

· One-way exchange of information
· Two-way exchange of information
2.1  Coordination based on one-way exchange of information

One method of operating CS/CB is to have a victim cell send out information of interference level caused by interfering cells. Upon receiving the information of interference level, the interfering cells schedule their UEs taking into account the information from the victim cell. That is, such CS/CB scheme could operate if the following one-way information is provided by inter-eNB signalling:
· Enhanced RNTP-type information in frequency/time/power/spatial domain
· Information of interference level
· Information of reference signal, CSI processes and CSI-IM configurations
It was shown in [5] that the above CS/CB scheme based on enhanced RNTP-type information can provide the cell-edge UPT gain of 15% in case of SCE scenario 1. However, evaluation results in [6] and [7] show that the CS/CB scheme based on enhanced RNTP-type information provides marginal or negative UPT gains in case of SCE scenario 2a and CoMP scenario 2. The reason for the marginal or negative gains 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.
2.2  Coordination based on two-way exchange of information

As noted in the previous subsection, coordination based on one-way exchange of information has its limitations. An alternative CS/CB operation which can overcome these limitations is to collect the UEs’ CSIs from multiple eNBs and process together to allocate the optimal wireless resources (possibly including spatial resources by beamforming) 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 enhanced RNTP-type information in both of SCE scenario 1/2a and CoMP scenario 2.

[image: image1.emf]Cell 1

Cell 2

UE1

UE2

UE CSI reporting

UE CSI reporting

Resource Coordinator

UEs’ CSIs are collected 

and processed together

Result of resource 

coordination is forwarded


Figure 1: CS/CB operation

For such CS/CB operation, the Rel-12 specification should support the following two-way information exchange:

· Information gathered to produce the optimal resource allocation from each eNB
· Downlink channel information of individual UEs
· RI, PMI, CQI, information related to long-term DL received power
· Used configurations of reference signals
· Information forwarded to each eNB
· Indication of resource allocation result
· Information related to long-term DL received power
· Coordination result for reference signal, CSI processes and CSI-IM configurations
Note that the exchange of the above information can be done over the existing X2 interface or a newly defined interface (ex: C1 interface between eNB and central entity). Whether the above information is defined on X2 or a newly defined interface is an issue that is out of RAN1 scope and should be left for RAN3 discussions.
The resource allocation 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 would 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. Additionally, information related to long-term DL received power which could be derived by using one or more measurement reports (RSRP) or SRS received power would be useful for increasing the size of coordination area. Detailed methods of using SRS received power for inter-eNB CoMP are provided in our companion contribution [8]. Finally, if the result of resource coordination is distributed to the eNBs, each eNB would know which wireless resources are assigned for its cells.
The form of the message to deliver the result of resource coordination could be determined based on what wireless resources are taken into account for the coordination. Possible wireless resources for the coordination would be time (subframe), frequency (resource block), transmission power, and space (beamforming). 
Proposal: The following two-way information should be supported by RAN3 signalling for reliable CS/CB operation
· Information gathered to produce the optimal resource allocation
· Downlink channel information of individual UEs

· RI, PMI, CQI, information related to long-term DL received power
· Used configurations of reference signals

· Information forwarded to each eNB
· Indication of time and frequency resource allocation result
· Information related to long-term DL received power
· Coordination result for reference signal, CSI processes and CSI-IM configurations
3 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: The following two-way information should be supported by RAN3 signalling for reliable CS/CB operation
· Information gathered to produce the optimal resource allocation
· Downlink channel information of individual UEs

· RI, PMI, CQI, information related to long-term DL received power
· Used configurations of reference signals

· Information forwarded to each eNB
· Indication of time and frequency resource allocation result
· Information related to long-term DL received power
· Coordination result for reference signal, CSI processes and CSI-IM configurations
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