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1. Introduction 
In RAN 60 meeting, a new SID [1] is approved to study CoMP with non-ideal backhaul (NIB). At RAN1 74 meeting, the focus is on the scenarios and evaluation assumption. After discussion, some scenarios are identified and some agreements are reached for the evaluation assumption. Part of the evaluation assumption are the coordination assumption among eNBs to support CoMP. In this aspect, a WF [2] is drafted and discussed, which tries to identify the information that could be coordinated among eNBs to support the CoMP with NIB.  From the discussion of this WF, some agreements are drawn as follows
Agreement:

For each evaluated scheme, information relating to a transmission to/from a serving node in a given subframe should be categorized into two groups:

· Group 1 information: information which is considered valid for a period longer than the backhaul delay, which may therefore be provided from a different node(s) from the serving node;

· Group 2 information: information which is considered valid for a period shorter than the backhaul delay, which must therefore be derived by the serving node.

The types of information may include for example:

· CSI

· Allocated power per resource (including muting)

· UE selection 

· Precoding selection (including the number of transmit layers)

· MCS selection

· HARQ process number
· TP selection
Among group 1 and group 2 information, group 1 information is more coordinated information that may need to be passed between eNBs.  In this contribution, we further discuss some aspects on the signalling between eNBs to support CoMP and provide some preliminary views. 
2. Backhaul signaling consideration for CoMP With NIB
In Rel-10 and 11, CoMP with ideal backhaul was studied and specified in LTE.  The ideal back haul assume no delay and capacity limit in the backhaul, which allows the possibility of large amount of information exchange among different transmit points with no or minimal delays. Such system assumption leads to more advanced features for CoMP, such as dynamic point selection (DPS), coordinated scheduling (CS) /coordinated beamforming (CB), and joint transmission (JT).  However, in reality, many operators may not be ready to upgrade their backhauls in time  to satisfy such requirement, and their backhaul or at least part of their backhaul may still have limited capacity and long latency.  In order to benefit from CoMP, study is needed to identify solutions that could work well under such reality of non-ideal backhaul. 
Among the three schemes that were studied and specified in Rel-10/11 for CoMP, JT and DPS would require data and maybe even channel information available at each of the transmit points that intend to apply CoMP transmission for a particular UE. Such requirement would require ideal backhaul with no latency and large capacity. Obviously, they may not work well when the backhaul is non-ideal. For CS/CB on the contrary, as the transmission would only occur from one transmit point or eNB, and different transmit points may only need some coordinations, the requirement on the backhaul is not that high.  Based on such observation, the CS/CB scheme could be the main focus for CoMP with NIB. 
Besides CS/CB scheme, some other schemes could also be considered for CoMP with NIB, for example, semi-static transmit point muting or selection.  To support such schemes for CoMP, some information/parameters may need to be coordinated among different transmit points (or eNBs) that participate in the CoMP transmission, while some other information/parameters could be determined by each transmit point or eNB.  In [2], such information are divided into two groups, group 1 and group 2, where group 1 are those information needs to be coordinated among points or eNBs, and group 2 information could be determined by each point or eNB. Table 1 summarizes them for the convenience. 
Table 1 Group information for each CoMP schemes with NIB
	
	Group 1 information 
	Group 2 information

	Semi-static point muting (SSPM)
	· Muted RB resources

	· UE selection
· Precoding selection (including the number of transmit layers)
· MCS selection
· HARQ process number


	Semi-static point selection (SSPS)
	· Candidate UEs for each eNB


	· Final UE selection within the candidate UEs for each eNB
· Allocated RBs per UE
· Precoding selection (including the number of transmit layers)
· MCS selection
· HARQ process number


	Coordinated BF (CB)
	· Precoding set
· UE selection
	· Final precoding selection (including the number of transmit layers) 
· Allocated RBs per UE
· MCS selection
· HARQ process number


	Coordinated scheduling (CS)
	· Assigned RBs for an eNB

	· Precoding selection (including the number of transmit layers) 
· Allocated RBs with UE selection
· MCS selection
· HARQ process number


	CS/CB
	· Precoding set
· Assigned RBs for an eNB

	· Final precoding selection within the precoding set
· Allocated RBs with UE selection
· MCS selection
· HARQ process number



As can be seen from Table 1, for each scheme, there may be different group 1 information that may be coordinated among different points or eNBs, which means different kinds of signaling may need to be conveyed on the backhaul.  However, considering that the CoMP schemes are more transparent to the UE and it is up to the eNB to determine which scheme to use on maybe per subframe basis, it would be more desirable to design one set of signalings for the backhaul that could contain most of the group 1 information for each scheme.  Such design would give point or eNB more flexibility in selecting a specific CoMP scheme and conduct CoMP transmission at any subframe. It will also reduce the types of signalings that needs to be supported over the backhaul. For example, the following two informations could be conveyed together in one signal.  One design example could be to use a bit map for each RB with “1” indicating a RB could be assigned by an eNB, while “0” indicating it could be muted by an eNB. 
· Muted RB resources   (for SSPM)
· Assigned RBs for an eNB (for CS)
Such design principle may also lead to more compact signaling design on the backhaul. 
Proposal:
· Consider to design one set of signaling for backhaul that could be used to support multiple CoMP schemes. 

Certainly the design of such signaling between eNBs are more of a RAN3 work and what RAN1 needs to do is to evaluate the impact of these signaling to the CoMP performance and decide which signalings needs to be conveyed on the backhaul.  It would be more clear then on how to recommend the design of such signallings from RAN1 perspective. 
Depending on the topology of connection between point or eNBs, group 1 information on the backhaul could be transmitted from a central entity to each point or eNB, or simply between two points or eNBs.  As shown in Figure 1, the eNBs connect through a central entity. In this case, eNB will send necessary information to the central entity such as channel information and UE information, the central entity could then make decision on how each eNB could coordinate their transmission and provide the coordinated information (group 1) to each eNB for them to apply CoMP transmission.  In another case, when the eNB are connected directly through each other as shown in Figure 2,  as there is no central entity, each pair of eNBs could exchange information on channel and UE, and decide on coordinated information. The decision could be made in one eNB and send to another eNB through backhaul link. No matter which connection topology is used, it is desirable to use the same formats of backhaul signalling. 

[image: image1]
Figure 1:  eNB connection through a central entity


[image: image2] 
Figure 2:  eNB connection through each other

The other aspect that needs to be considered is that regardless where the coordinated information is formed, whether on a central entity or one eNB, the decision may be based on some information sent from each eNB such as the channel information or measurement from the UE.  For example, CSI information could be sent from one eNB to another based on the feedback from the UEs it serves.  Each eNB could process the information feedback from the UEs and form some suggested information and send them to the central entity or another eNB.  To support this, a general format of signalling to convey such information would be desirable regardless of the connection topology of the eNBs. 
Proposal:
· A general format of signaling to convey information from each eNB to facilitate the formation of coordinated information for CoMP may be desirable. 
In addition to the channel and UE information that could be exchanged on backhaul, other information such as CSI-RS and IMR could be exchanged as well, which could facilitate the UE measurement and feedback. 
As LMMSE-IRC receiver was introduced in Rel-11 and more advanced receivers are studied in Rel-12. Some interference cancellation could be taken into account as UE capability to further enhance CoMP performance with NIB. For example, if CB is used, there could still exist some residual interference for the UE in the neighbouring cells.  To facilitate the interference cancellation at the UE in this case, some coordination among eNBs could be helpful, for example, different eNBs could use orthogonal DMRS ports for their CB transmission and thus will lead to improved interference estimation and enhanced interference cancellation performance. Such coordination among eNBs may need some backhaul signalling. Certainly, it is not clear if this part work should be studied in SID of NAICS SID or SID of CoMP with NIB,  some coordination efforts may be needed. 
3. Conclusions

In this contribution,  some aspects regarding the design of backhaul signalling to support CoMP with NIB are discussed. Some preliminary design principles are summarized as follows. The main goal is to simplify the signalling design as well as provide enough flexibility at eNB to support CoMP with NIB.
Proposal:

· Consider to design one set of signaling for backhaul that could be used to support multiple CoMP schemes. 
· A general format of signaling to convey information from each eNB to facilitate the formation of coordinated information for CoMP may be desirable.
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