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1. Introduction
The study item on CoMP with non-ideal backhaul was approved in RAN#60 with 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. 
· In the evaluations, consider the level of backhaul delay achievable with non-ideal backhaul.

· Evaluation should be on the CoMP operation between macro eNBs (CoMP scenario 2 except for the backhaul assumptions), between macro eNB and small cell eNB (small cell scenario #1 with non-ideal backhaul), and between small cell eNBs (small cell scenario #2a with non-ideal backhaul). 
· The study will take into account the outcome of the small cell enhancement study item and previous work on Rel-11 CoMP SI/WI.    
Discussion in RAN1#74 reached conclusions on the simulation assumption [2] and scenarios [3]. Furthermore, for inter-eNB signaling over non-ideal backhaul, it was agreed to further study a set of coordination functionality components (CFC) and their grouping as below [4]: 

· At least the following coordination functionality components are considered in RAN1 evaluations for CoMP-NIB SI:
· Allocated power per resource (including muting)
· UE selection on some resources
· Precoding selection (including the number of transmit layers)
· MCS selection
· HARQ process number
· The above listed coordination functionality components are classified into the following two groups, and companies should provide their grouping in describing their evaluation assumptions:
· Group1 containing coordination functionality components that are determined before (n-X)th subframe, when the PDSCH is transmitted at nth subframe, where X is a NIB delay.
· The components in Group1 may not only be determined separately by each eNB.
· Group2 containing coordination functionality components that are determined by each eNB substantially after (n-X)th subframe (e.g., at (n-1)th subframe), when the PDSCH is transmitted at nth subframe.
· The components in Group2 are determined by each eNB.
· A coordination functionality component can be included in both Group1 (as a candidate set) and Group2 (as a final coordination outcome within the candidate set).
In RAN1#74bis, evaluation results on the performance gain of inter-eNB CoMP with non-ideal backhaul over Rel.11 reference scheme (i.e. intra-site CoMP and feICIC) were presented, where a large divergence in the system performance gain was observed. In this contribution we provide our views on the possible inter-eNB signaling for CoMP coordination.
2. Discussion
2.1. Property of inter-eNB signalling
The following signals were identified in RAN1#74 as candidates for intern-eNB signaling to assist CoMP coordination: 
· Allocated power per resource (including muting)
· UE selection on some resources
· Precoding selection (including the number of transmit layers)
· MCS selection
· HARQ process number
As can be seen these parameters reflect the transmission properties of a particular eNB. However, one outstanding issue to be clarified is for which eNB such information is valid, e.g. whether it carries scheduling decision of the transmitting eNB or the receiving eNB. This relates to the LTE scheduler architecture which has three possibilities:
· Distributed scheduler: Each eNB decides the scheduling decision of itself. The scheduling decision may be forwarded to a neighboring eNB to facilitate the neighboring eNB scheduling activities. In this case the backhaul signaling carries information valid for the transmitting eNB.
· Centralized scheduler: A Central Scheduling Unit (CSU) collects CSI of all UEs and performs all scheduling decisions for all eNBs (including frequency assignment, MCS, UE selection, beamforming etc.), and forwards such scheduling output to each corresponding eNB. In this case the backhaul signaling carries information valid for the receiving eNB.
· Hybrid distributed/centralized scheduler: The centralized scheduler makes limited long-term scheduling decision (e.g. frequency assignment, muting, rank coordination) for all eNBs and forwards them to the corresponding eNBs. The remaining short-term scheduling decision (e.g. MCS, beamforming) for each eNB is then performed at each eNB, based on the instantaneous short-term CSI feedback. 

It is our understanding that the current LTE system is based on distributed architecture. This also has been the underlying assumption of standardized X2 information exchange for Rel. 8 ICIC, where RNTP, OI, HII carries the DL/UL properties of the transmitting eNB. Therefore for CoMP NIB, distributed scheduler architecture should be a baseline assumption. On the other hand, several CoMP schemes proposed in RAN1#74bis fall in the category of hybrid scheduler architecture, where the backhaul signaling could additionally carry long-term scheduling decision of the receiving eNB. In our view, it is possible to further discuss such a hybrid architecture if sufficient system performance gain can be demonstrated; however, to achieve reasonable system robustness, decisions made at the central scheduler should only focus on long-term scheduling properties (e.g. PRB muting, PRB assignment, rank coordination) of the receiving eNBs that will be sufficiently robust against backhaul delays. This also applies to distributed scheduler architecture where inter-eNB signaling carries long-term scheduling output of the transmitting eNB. A pure centralized scheduler where both long-term and short-term scheduling decisions are made at the central scheduler is sensitive to the backhaul delay, and it is unclear if it provides realistic performance gain. 
Proposal:

· Focus on long-term scheduling outputs for inter-eNB signaling.
2.1.1 Allocated power per resource (including muting)

Indicating the long-term frequency resource assignment and power allocation per PRB is tailored to semi-static point muting/blanking. In general the backhaul signaling will be robust if frequency assignment, point muting/selection are performed on a semi-static basis. The signaling overhead is also low (e.g. 1-bit per PRB) and appropriate for consideration on X2. 

Proposal: 

· Study muting/unmuting pattern and allocated transmit power for inter-eNB signaling. 
2.1.2 Rank signaling
Rank signaling should be separately discussed with beamforming signaling, namely: 
· Alt-1: Rank signaling,   no beamfomring signaling

· Alt-2: Rank signaling,   and beamforming signaling. 

We believe alt-1 is a useful case and should be discussed particularly for non-ideal backhaul. First of all, rank is a pre-requisite for beamforming weight and it is impossible to have beamforming signaling without any rank signaling. Secondly, rank is a wideband/long-term property and provides robust information about inter-cell interference to neighbouring eNBs. As an example, when the transmit power and rank of the interfering eNB is known, the interfered eNB may predict the inter-cell wideband/long-term spatial domain correlation matrix to refine beamforming of the interfered eNB to suppress interference.
Proposal: 

· Study rank indication for inter-eNB signaling. 

2.1.3 Precoding vector signaling

Beamforming vectors are considered short-term property and sensitive to feedback/scheduling delay. In the context of CoMP where backhaul delay is in the order of tens of milliseconds, we expect the beamforming weight to be even more sensitive to temporal delay. Therefore the benefits of beamforming signalling should be justified by sufficient system level performance gain.

The alphabet for beamforming signaling on the backhaul, if introduced, should also be discussed. It is possible to use the CSI feedback codebook for beamforming signaling on the backhaul, however this restricts CoMP beamforming to codebook-based and defeats the purpose of introducing DMRS-based beamforming which is particularly important for flexible inter-cell interference suppression. 
3. Conclusions

In this contribution we provide our views on inter-eNB signaling for CoMP with non-ideal backhaul. Considering the non-trivial backhaul delay, inter-eNB signaling should focus on long-term CSI and scheduling decisions (e.g. PRB assignment, muting pattern, and rank) that may remain valid for a period longer than the backhaul delay to achieve a reasonably robust system design. Exchange of short-term CSI and short-term scheduling decision is questionable due to the sensitivity against backhaul delay. 
Proposals: 
· Focus on long-term scheduling outputs for inter-eNB signaling.
· Study muting/unmuting pattern, or the allocated transmit power for inter-eNB signaling. 

· Study rank indication for inter-eNB signaling. 
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