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1   Introduction
Coordinated multi-point (CoMP) transmission/reception is considered for LTE-Advanced as a feature to improve the high data rate coverage in, the cell-edge and/or to increase system throughput.

CoMP considers the intra-eNB CoMP and inter-eNB CoMP. For inter-eNB CoMP, cooperation is among cells from different eNodeBs, some control information and user data need to be exchanged through X2 interface, the backhaul bandwidth and latency plays an important role to select a suitable cooperation scheme.

This contribution analyses the sensitivity of latency and capacity for different inter-eNB CoMP schemes in Uplink and Downlink in order to show the impact on RAN3 of inter-eNB CoMP.
2   Discussion
According to RAN1 TR 36.814[1]：

Downlink CoMP includes the following categories:

· Joint Processing (JP): data is available at each point in CoMP cooperating set (definition below)

· Joint Transmission: PDSCH transmission from multiple points (part of or entire CoMP cooperating set) at a time

· data to a single UE is simultaneously transmitted from multiple transmission points, e.g. to (coherently or non-coherently) improve the received signal quality and/or cancel actively interference for other UEs

· Dynamic cell selection: PDSCH transmission from one point at a time (within CoMP cooperating set)  

· Coordinated Scheduling/Beamforming (CS/CB): data is only available at serving cell (data transmission from that point) but user scheduling/beamforming decisions are made with coordination among cells corresponding to the CoMP cooperating set.

Uplink CoMP is defined as following:

· Coordinated multi-point reception implies reception of the transmitted signal at multiple, geographically separated points. Uplink coordinated multi-point reception is expected to have very limited, impact on the RAN1 specifications. Scheduling decisions can be coordinated among cells to control interference and may have some RAN1 specification impact. (Editors note: This can be refined as for the downlink section)

· The need for extended CP operation in certain UL subframes should be further investigated.

According to the definitions above, we can get three different inter-eNB CoMP schemes below, and they will be elaborated in the following sections.

· DL Inter-eNB Joint Processing (JP)

· DL Inter-eNB Coordinated Scheduling/Beamforming (CS/CB)
· UL Inter-eNB CoMP
2.1   DL inter-eNB CoMP

2.1.1   Inter-eNB Joint Processing (JP)

In Inter-eNB Joint Processing, data to a single UE is simultaneously available from multiple transmission points in different eNBs, to achieve this, the user data should be transmitted from serving eNB to collaborative eNB(s) through X2 interface.
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Figure 1: Inter-eNB Joint Processing

Inter-eNB JP can improve the coverage of high data rates, the cell-edge and/or system throughput, and for cell edge UEs, inter-eNB JP can improve user experience during handover. On the other hand, it is sensitive to latency and X2 capacity which rely on the deployment.

2.1.2   Inter-eNB Coordinated Scheduling/Beamforming (CS/CB)
CS/CB scheme can decrease the interference and increase the system throughput. In this scheme, data is only available at serving cell (data transmission from that point), the scheduling info, channel info/feed back should be exchanged over X2 interface, but the data forwarding will not be needed anymore.
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Figure 2: Inter-eNB CS/CB

Inter-eNB CS/CB is sensitive to latency which relies on the deployment, number of coordinated eNBs, and number of coordinated scheduling iterations, which rely on algorithm.
2.2   UL inter-eNB CoMP

For Uplink inter-eNB CoMP, when the coordinated reception points are in different eNBs, scheduling information and received data packets will be transmitted over X2 interface.
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Figure 3: UL Inter-eNB CoMP

If the Collaborative eNB forwards all the CoMP UE’s data to serving eNB, the transmission data amount will be similar with DL Joint Processing, but the transmission data could be reduced significantly in uplink scenario by setting some transmission rule (e.g. the collaborative eNB will only transmit the packet to serving eNB which is ordered by the serving eNB in case of the unsuccessful HARQ procedure).
UL inter-eNB CoMP is power limited at UE, which may have higher motivation on inter-eNB coordination to solve the uplink coverage problem. And it is sensitive to latency and X2 capacity which rely on the deployment, and also sensitive to the CoMP UE number, when there are few CoMP UEs, latency is more important, capacity limit is less. 
2.3   X2 interface capability analyses
According to the analyses above, we can get an initial view of X2 interface requirement for different inter-eNB CoMP schemes which are shown in Table 1, the detailed information and data exchanging of inter-eNB CoMP should be taken into account in the future, network sync is required.
Table 1: Inter-eNB CoMP X2 interface requirement

	X2 interface 
Requirement
	DL Joint Processing
	DL CS/CB
	UL CoMP

	
	JT
	DCS
	
	

	Bandwidth
	High
	High
	Low 
	Medium

	Latency
	High
	High
	(Higher if with iterative coord. scheduling)
High
	High


In current network, X2 interface capacity and latency differ from different operators and network deployment solutions. X2 interface enhancement maybe considered by operators, to meet the higher requirement of LTE-A, e.g. CA, High order MIMO, etc., The CoMP solution for powerful X2 interface should not be excluded. Some solution to reduce the X2 burden for different CoMP solutions should be considered. We think the CoMP solutions should fit to both low and high latency and bandwidth. It should be considered for Rel-10 (FFS). 

3   Conclusion
This contribution analyses the sensitivity of latency and capacity for different inter-eNB CoMP schemes for the Uplink and the Downlink, and the X2 interface capability.

In current network, X2 interface capacity and latency differ from different operators and network deployment solutions. X2 interface enhancement maybe considered by operators, to meet the higher requirement of LTE-A, e.g. CA, High order MIMO, etc., The CoMP solution for powerful X2 interface should not be excluded. Some solution to reduce the X2 burden for different CoMP solutions should be considered. We think the CoMP solutions should fit to both low and high latency and bandwidth. It should be considered for Rel-10 (FFS). 

We propose to open a CoMP section in the RAN3 baseline paper and to capture the chapter 2 above in it.
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