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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 was focused on the simulation assumption, scenarios as well as the type of information that could be exchanged between eNBs to facilitate CoMP coordination. Specifically, the evaluation scenarios were agreed in [2], and the simulation assumptions were agreed in [3]. It was further agreed to consider 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).
It is clear that the components decided prior to the (n-X)th subframe are not required for backhaul exchange between eNBs, as they would be outdated for PDSCH scheduling due to the backhaul delay. The outstanding issue is to include what coordination functionality components in Group 2 for inter-eNB exchange to facilitate CoMP coordination. In this contribution we provide our views on these issues. 
2. Discussion
The main motivation of CoMP is to increase the predictability of co-channel interference by tightly coordinating the transmission of adjacent points. It is clear that co-channel interference is determined by both the channel as well as the transmission property of various points. In Rel.11, the channel of other points is obtained by multiple CSI feedback provided by the UE. On the other hand, provision of transmission properties of other points is not adequately addressed in Rel.11. To this end, the following coordination functionality components (CFC) were identified in RAN1#74 as candidates for intern-eNB signaling to derive the co-channel interference property. 
· Allocated power per resource (including muting)
· UE selection on some resources
· Precoding selection (including the number of transmit layers)
· MCS selection
· HARQ process number
It was pointed out that various architectures are possible for CoMP scheduler, e.g. centralized vs. distributed. Irrespective of the scheduler architecture, the backhaul delay renders any information obtained at subframe n-k at one eNB less accurate when used for PDSCH scheduling at subframe n at another eNB. This is analogous to the “flash-light effect” well-known in single-cell MIMO, except that the backhaul delay is in general larger than the feedback delay, and that CoMP scheduler can be even more sensitive to a given delay than in single-cell scenario.  The sensitivity of a signal to the temporal delay could be quite different dependent on the nature of the signal. For single-cell MIMO, the severity of flash-light effect is proportional to the CSI feedback delay and the CSI granularity. As one example, a larger codebook tends to increase the flash-light effect, as the precoders in neighbor cells are more likely to be change between two subframes and therefore increases the CQI mismatch. For CoMP, the severity of delay is expected to be proportional to the CoMP coordination cluster size, and the number of iterations for distributed scheduler.
Observations: 

· Signals reflecting long-term/wideband characteristics of the channel/interference are more robust against scheduling delay, whereas signals reflecting short-term/narrow-band characteristics of the channel/interference are more sensitive to scheduling delay. 

· Signals with a smaller constellation size (i.e. low quantization) are more robust, and signals with a large constellation size (i.e. high quantization) are more sensitive to the scheduling delay. 

The set of components for backhaul exchange should thus take into consideration of the robustness against temporal delay, CoMP system performance benefits, as well as the signaling overhead. 
2.1. Allocated power per resource (including muting)
By understanding the transmit power of the interfering eNB, the target eNB may predict the level of received co-channel interference for each UE and correspondingly adjust its transmission property, e.g. avoid scheduling of cell-edge users on resource block receiving strong interference. This scheme is well suited for semi-static point selection/blanking which seems to provide a decent gain in Rel.11 CoMP study. The signaling overhead is also very low, e.g. 1-bit signaling to indicate muting/unmuting per RB or per PRG. Hence it could be considered as a first step for backhaul signaling for CoMP-NIB. In terms of the format of signaling, both absolute power and relative power with respect to a reference power threshold are possible. A mechanism similar to the legacy Relative Narrowband Tx Power (RNTP) seems simpler by providing a 1-bit indication of the intended PDSCH EPRE with respect to the RNTP threshold.
Proposal: 

· Consider signaling of muting/unmuting, or the allocated power per resource, as a simple and robust scheme for CoMP with NIB. 

2.2. UE selection on some resources
It is possible to indicate the UE selection on some resources, e.g. number of UEs scheduled per PRB. On the other hand, since TM10 supports dynamic rank adaptation, it is more natural to explicitly signal the number of layers. This is discussed in section 2.3. 
Proposal: 

· The need of signaling UE selection is to be clarified.
2.3. Precoding selection (including the number of transmit layers)

It is also possible to signal the precoding property between eNBs, e.g. number of layers, beamforming matrices. A target eNB could exploit the precoding characteristics of its adjacent eNB to derive the spatial interference property (e.g. rank, correlation) to optimize its beamforming weight. 
In general, beamforming vectors are considered a fast changing property and sensitive to the feedback/scheduling delay. Extensive studies in Rel.8 haven shown that as feedback delays increase (although still in the order of a few milliseconds), the gain of closed-loop beamforming compared to simpler MIMO schemes (e.g. TxD) could diminish. 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 the temporal delay. We believe the need of beamforming vectors signalling should be justified by sufficient system level evaluation.
The number of transmit layers (e.g. rank), on the other hand, is a relative long-term property and changes much less frequently than the beamforming vector. If precoding selection is to be considered as a candidate for CoMP-NIB, we suggest rank indication be given higher priority. After all, rank is a pre-requisite for any beamforming signalling. 
Proposal: 

· If precoding selection is to be considered for CoMP-NIB, study rank signalling with higher priority.

· Beamforming vectors are sensitive to feedback/scheduling delays. The system performance benefits and robustness of beamforming vector signalling should be carefully evaluated. 
2.4. MCS selection

The need of MCS selection signalling needs some clarification. It might be possible for a UE capable of interference cancellation receiver to exploit such information to improve its PDSCH detection; however the realistic system level performance gain should be clarified.
3. Conclusions

In this contribution we provide a general discussion on the robustness of a signal with respect to the feedback/scheduling delay, and the necessity for sharing various Coordination Functionality Components between eNBs for CoMP coordination. Our observations and conclusions are summarized below. 
Observations:

· Signals reflecting long-term/wideband characteristics of the channel/interference are more robust against scheduling delay, whereas signals reflecting short-term/narrow-band characteristics of the channel/interference are more sensitive to scheduling delay. 

· Signals with a smaller constellation size (i.e. low quantization) are more robust, and signals with a large constellation size (i.e. high quantization) are more sensitive to the scheduling delay. 

Proposals: 

· Consider signaling of muting/unmuting, or the allocated power per resource, as a simple scheme for CoMP with NIB. 
· If precoding selection is to be considered for CoMP-NIB, study rank signalling with higher priority.

· Beamforming vectors are sensitive to feedback/scheduling delays. The system performance benefits and robustness of beamforming vector signalling should be carefully evaluated. 
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