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1
Introduction
In RAN#50 meeting [1], CoMP SID has been revisited to meet the trend of technology evolution. During the LTE-Advanced discussions, concerns have been raisen on potential requirements and impacts on backhaul interfaces from CoMP. In the new CoMP SI, the essential technical barrier on backhaul interface has not been removed. In this paper, we analyze the constraint from backhaul interface and potential requirement of different CoMP schemes, and finally give our views under backhaul interface constraints.
2 Backhaul transport Interface capability limitation
The main interfaces of LTE network are the S1 and X2 interfaces, where S1 connects the eNB and EPC, X2 connects different eNBs. According to LTE requirements, S1-U and X2-U has the same peak data rate transmisssion capabiltiy, but X2-U latency is typically higher than that of S1-U. S1-C and X2-C only transmits limited information bits. It is noted that large volume data transmission in X2-U only occurs in the process of handover. 
In practice X2 performance is quite variable depending on the physical media (fiber/cable/microwave) and backhaul link archtecture (Tree/Mesh) etc. Based on LS from RAN3 [2], the maximum delay will be on the order of 20 ms in most of the cases, while the typical average delay is expected to be in the region of 10 ms. The backhaul transport network latency and capacity of X2 interface can be optimized in the future but the fact that X2 is an IP based interface implying processing delays from routing still constrains the achievable latency. We also note that CoMP schemes assuming a centralized scheduling but working across the X2 interface would need to operate with close to worst case assumption on the latency in order to make sure that scheduling related info are available when needed.
Proposal: The worst case of X2 latency should be assumed for CoMP.
	Requirements
	S1-U
	S1-C
	X2-U
	X2-C

	Average capacity
	High
	low
	Low
	Low

	Average delay
	5-10ms 
	5-10ms 
	10-20ms 
	10-20 ms

	Exchange Information 
	Data information
	Control information
	Data for handover
	Control signals for handover control, ICIC and etc 


Table 1 Requirements of backhaul network
Based on the above assumpations, X2 interface of current LTE network is not expected to have high capacity and low latency in the near future, and since further enhancing the X2 interface needs significant implementation cost we have following proposal
Proposal: RAN1 agrees that the backhaul network with low capacity and high latency is the baseline for CoMP study.
3 CoMP schemes and Transport Requirements
According to [3], it is proposed that DL CoMP schemes can be categoried as Joint processing, Coordinated Schedule/Beamforming, and Dynamic cell selection. And dynamic cell selection is a special type of joint processing. From complexity perspective, Joint transmission scheme is more challenging but probably also with highest gain. Regarding UL CoMP, Uplink CoMP reception can involve joint reception (JR) of the transmitted signal at multiple reception points and/or coordinated scheduling (CS) decisions among cells to control interference.
ICIC or enhanced ICIC is also a promising technology. Generally speaking, ICIC or enhanced ICIC has looser interaction between eNBs than traditional CoMP technology. In the table 2, some requirements corresponding to different transmission schemes are listed to illustrate the differences. 
From the RRM architecture prespective, CoMP normally requires a centralized controller to coordindate scheduling information (iterative coordination of dynamic scheduling between distributed and otherwise independent schedulers is not feasible), while the main difference between CS/CB and JP is whether data is available at one (CS/CB) or multiple coordination points (JP). For spatial domain ICIC, centralized controller is not needed as only some slowly varying information is shared between the cells and used as input for the scheduling. 

From the requirements on backhaul transport link perspective, it is rational to categorize long term coordination schemes as ICIC solution, and short term coordination as CoMP solution. Given that high capacity and low latency requirements are not realistic for current X2 interface. We propose to carefully split eICIC and CoMP and focus more on CoMP scheme within the CoMP study item. As CoMP is not working across X2 we have the following proposal
Proposal:  Intra-eNB CoMP is the baseline scenario for CoMP study.
As mentioned in new CoMP SID, hetegeneous network will also be a potential scenario, however, considering latency and capacity requirements from CoMP transmission, Macro+RRH within one eNB is more reasonable. Regarding Macro+Pico/HeNB case, long term coordination schemes, e.g. spatial/time domain eICIC solution, is more preferred. 
Proposal:  CoMP between Macro and connected RRH can be considered as potential CoMP application. 
	Requirements
	Spatial domain eICIC
	CS/CB
	Dynamic cell switching
	JT/JR

	Capacity*
	Low
	Low
	High
	High

	Latency requirements
	50 ms
	<1ms
	<1ms 
	<1ms 

	Scheduling
	Distributed
	Centralized
	Centralized
	Centralized

	X2 compatibility
	Yes
	No
	No
	No

	Coordination Exchange Information 
	Spatial domain coordination pattern
	Scheduling + PMI
	Scheduling + CSI+ 
Data available at each site


* Detail capacity requirement is decided by how the CoMP coordination interface is designed.
Table 2 Requirements of backhaul network
4 Conclusions
In this contribution, some constraints on backhaul interface and requirements from different CoMP schemes are analyzed. Considering potential impacts from CoMP technology, we should carefully investigate candidate transmission schemes and promising application scenarios. In conclusion, we suggest
Proposal:  The worst case of X2 latency should be assumed for CoMP.
Proposal:  RAN1 agrees that the backhaul network with low capacity and high latency is the baseline of R11 CoMP study.
Proposal:  Intra-eNB is the baseline scenario for CoMP study.
Proposal:  CoMP between Macro and connected RRH can be considered as potential CoMP application.  
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