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1.  Introduction
The SI on CoMP enhancement was approved in RAN#60 [1], which has the following objectives:

RAN1 evaluate coordinated scheduling and coordinated beamforming, including semi-static point selection/muting, as candidate techniques for CoMP involving multiple eNBs with non-ideal but typical backhaul and, if there is performance benefit, recommend for which CoMP technique(s) signalling for inter-eNB operation should be specified, considering potential impact on RAN3 work.

Regarding the signalling aspect, the following agreement was achieved in RAN1 74 [2]:

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
In this contribution, we propose a hybrid scheduler for CoMP operation with non-ideal backhaul (NIB) and show how to apply the proposed scheduler to different CoMP schemes. The required backhaul signaling in different CoMP schemes are discussed. 
2. CoMP Operation with NIB

Before discussing different CoMP schemes and their required backhaul signalling for NIB, we propose a hybrid scheduler for CoMP operation with NIB. Given the agreement in RAN1 74 that that the information for CoMP operation should be categorized into two groups with different valid periods, we suggest to adopt a hybrid CoMP scheduler for each CoMP cooperating set, which consists of a centralized scheduler and multiple individual schedulers as shown in Fig.1. The functionalities of the centralized scheduler and the individual scheduler as well as the interaction between them are described as follows: 
· The centralized scheduler could be located in any eNB and connected to the other eNBs within the CoMP cooperating set via NIB. It collects certain group 1 information from each eNB via NIB in order to semi-statically coordinate the resource allocation among eNBs. The group 1 information could be the CSI information (e.g., RI, PMI, CQI, and/or some long-term CSI statistics), the RRM measurements (e.g., RSRP and RSRQ), the traffic load (e.g., the number of used RBs), and the inter-cell interference indication (e.g., RNTP and ABS bitmap). The output of the centralized scheduler is the allocated resource for each eNB within the CoMP cooperation set, which could be the assigned time-frequency resource (e.g. RBs), the assigned spatial resource (e.g. the number of transmission layers and precoders), and/or assigned UEs for each eNB. Such resource allocation information is group 1 information, which will be used by each individual scheduler. 
· The individual scheduler schedule is located in each eNB. It collects the resource allocation information from the centralized scheduler via NIB as well as certain group 2 information from each associated UE, in order to dynamically perform UE scheduling in each subframe. The group 2 information could be the CSI information from each associated UE. 
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Fig. 1 The illustration of a hybrid scheduler for CoMP operation with NIB

The information for making scheduling decisions is treated separately in the proposed hybrid scheduler depending on the valid period, which has the following advantages:  

· The design of the centralized scheduler and the individual scheduler can be separated. Since the centralized scheduler only takes group 1 information as input, it can be designed and optimized based on the characteristics of group 1 information and the range of backhaul delay. The individual scheduler can reuse any existing SU/MU MIMO scheduler with little modification.  
· The existing non-CoMP scheduler is easier to upgrade in order to support CoMP.  In the proposed hybrid CoMP scheduler, the centralized scheduler is added on the top of individual schedulers with minimum modifications.  
· The complexity of CoMP scheduling is reduced. The centralized scheduler performs resource allocation only when the group 1 information is updated. 
Proposal 1: A hybrid CoMP scheduler should be considered in NIB scenarios, which consists of a centralized scheduler and multiple individual schedulers. The input/output information of the centralized scheduler is group 1 information. 
3.  CoMP Schemes and Signalling
Different CoMP schemes may require different backhaul signalling support. In this section, we discuss the required backhaul signalling for three CoMP schemes considered in NIB scenarios: coordinated scheduling/beamforming, semi-static point muting, and semi-static point selection. Since the detailed backhaul signalling (based on X2 or Xn) falls in the scope of RAN3 work, we only focus on what kind of information is needed to be exchanged among eNBs, assuming that the hybrid scheduler suggested in Section 2 is used for CoMP operation. 
3.1 Coordinated Scheduling and Coordinated Beamforming
CoMP with ideal backhaul assumption was intensively discussed in Rel-11. The discussion mainly focuses on the air interface support for the following three CoMP techniques: joint transmission (JT), dynamic point selection (DPS), and coordinated scheduling and coordinated beamforming (CS/CB). Among these three CoMP schemes, JT and DPS require the data for a UE available at more than on transmission point (TP) within the CoMP cooperating set in a time-frequency resource. This necessitates a tight backhaul among TPs to manage the HARQ process. As a result, these two schemes are not applicable to NIB scenarios. In contrast, CS/CB is a robust coordination scheme, in which data for an UE is only available at and transmitted from one TP in the CoMP cooperating set but UE scheduling/beamforming decisions are made jointly among TPs within the CoMP cooperating set. It is possible to use CS/CB in case of NIB. Specifically, the hybrid scheduler suggested in Section 2 can be used for CS/CB as follows: 
· The centralized scheduler decides the assigned (or muted) RBs, the assigned UEs, and the initial precoder selection for each eNB, based on the delayed CSI information (due to NIB) as well as RRM measurements sent from each eNB. The result of the initial precoder selection includes a set of precoders that may be used for each eNB. The information of the assigned (or muted) RBs, the assigned UEs, and the selected precoder set is sent to the individual scheduler located in each eNB via NIB. 
· The individual scheduler schedules UEs (from its assigned UE set) for its assigned RBs and chooses the best precoder (from its assigned precoder set) based on instantaneous CSI in each subframe. 
The required information for the CS/CB is summarized in Table 1, where group 1 information needs to be exchanged via NIB. 
3.2 Semi-static point muting
The semi-static point muting (SSPM) scheme is a simplified version of the CS/CB scheme. The input of the centralized scheduler in the SSPM is the same as that in the CS/CB. However, the centralized scheduler only decides the assigned (or muted) RBs for each eNB. The individual scheduler schedules UEs for its assigned RBs and selects the best precoder based on CSI in each subframe. Note that the transmission point (TP) for each UE does not change in the SSPM scheme. The required information for the SSPM is summarized in Table 1, where group 1 information needs to be exchanged via NIB. 
3.3 Semi-static point selection
The semi-static point selection is another simplified version of the CS/CB scheme. Different from the SSPM scheme, a UE may change transmission point in the SSPS scheme. The input of the centralized scheduler in the SSPM is the same as that in the CS/CB. However, the centralized scheduler only decides the assigned UEs for each eNB.  The individual scheduler schedules UEs assuming that each eNB can use all RBs in system bandwidth and chooses the best precoder based on CSI in each subframe. Note that the individual scheduler can only choose UEs from its assigned UE set. The required information for the SSPM is summarized in Table 1, where group 1 information needs to be exchanged via NIB. 

From the above discussion, we see that the SSPM and SSPS schemes are simplified versions of the CS/CB scheme. In order to support the general CS/CB scheme, we have the following proposal: 
Proposal 2: The group 1 information required for the CS/CB scheme as shown in Table 1 should be considered in the backhaul enhancement for CoMP NIB. 
Table 1 The required information and their categories for different CoMP schemes

	
	Scheduling input
	Scheduling output

	
	Group 1 information (input to the centralized scheduler)
	Group 2 information (input to the individual scheduler)
	Group 1 information (output from the centralized scheduler)
	Group 2 information (output from the individual scheduler)

	CS/CB
	· Delayed CSI (due to NIB)
· RSRP/RSRQ
	Instantaneous CSI
	· Assigned (or muted) RBs for each eNB
· Assigned UE set for each eNB

· Assigned precoder set for each eNB
	· UE selection from the assigned UE set
· Allocated RBs for each selected UE based on assigned RBs
· Precoder selection from the assigned precoder set
· MCS selection
· HARQ process number

	SSPM
	· Delayed CSI (due to NIB)

· RSRP/RSRQ
	Instantaneous CSI
	· Assigned (or muted) RBs for each eNB
	· UE selection

· Allocated RBs for each selected UE based on assigned RBs
· Precoder selection 

· MCS selection

· HARQ process number

	SSPS
	· Delayed CSI (due to NIB)

· RSRP/RSRQ
	Instantaneous CSI
	· Assigned UE set for each eNB
	· UE selection from the assigned UE set 

· Allocated RBs for each selected UE

· Precoder selection 

· MCS selection

· HARQ process number


4.
Conclusion
In this contribution, we reviewed different CoMP schemes for NIB scenarios. We have the following proposals: 
Proposal 1: A hybrid CoMP scheduler should be considered in NIB scenarios, which consists of a centralized scheduler and multiple individual schedulers. The input/output information of the centralized scheduler is group 1 information. 

Proposal 2: The group 1 information required for the CS/CB scheme as shown in Table 1 should be considered in the backhaul enhancement for CoMP NIB. 
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