3GPP TSG-RAN WG1 Meeting #75                                                                    R1-135145
San Francisco, USA, 11th to 15th November 2013
Agenda Item:
6.2.9.2
Source: 
Fujitsu
Title: 
Views on signaling for inter-eNB CoMP operation
Document for:
Discussion and decision
1. Introduction
In RAN #60, the following SI was approved [1]. 
· RAN1 evaluate coordinated scheduling and coordinated beamforming 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, between macro eNB and small cell eNB, and between small cell eNBs, taking into account the outcome of the small cell enhancement study item and previous work on Rel-11 CoMP SI/WI.  

In addition to this situation, several types of candidates for signaling exchanged between eNBs were presented in RAN1 #74[2]. 

In this contribution, we introduce the high level view on Rel.12 CoMP, especially featuring signaling beneficial for inter-eNB operation.
2. Signaling beneficial for inter-eNB operation and relational challenges
The WF [2] was agreed in RAN1 #74 and the candidates for inter-eNB signaling are exemplified as below.

· 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 addition to these candidates, there seems to be some candidate signals about scheduling. For example, the scheduling and resource information exchanged among eNBs would enable CS to be operated practically with NIB. That is to say, exchanging the resource information of a cell with high granularity enables efficient and flexible inter-cell interference coordination. Besides, frequent exchanging the scheduling information of a cell and CSI of UEs could maximize system performance in CoMP cooperating set. In addition, scheduling priority is always an issue to settle for CoMP schemes on the table, which needs some information coordination. Taking CS/CB for example, we need to consider which cell or which UE should be granted with higher priority. As for semi-static DPS, similar issue exists since resources across multiple cells will be involved when CoMP UE and non-CoMP UE compete for the same set of resources.
The candidate signals exemplified in [2] and described above potentially bring benefits for inter-eNB operation and which signal brings more benefit for NIB CoMP operation and should be exchanged between eNBs is FFS. However it is clear that there is a tradeoff between the CoMP functionality enabled by addition of signaling and the spec impact caused by it. And backhaul between eNodeBs has a limitation of capacity. Therefore, it is desired that the addition of new signaling would be kept to a minimum, to minimize impact on the specs.
Proposal 1: Signaling exchange between eNBs is required to support and optimize enhanced CoMP, but should be kept at a minimal level to reduce the spec impact.
Then we talk about the signaling beneficial for inter-eNB operation specifically and the corresponding challenges. We focus on precoding selection and CSI in 3.1 and allocated power per resource in 3.2.
2.1. Precoding selection
The exchange of PMI information is very useful for CB operation. More specifically, if the cell belonging to the CoMP cooperating set knows the worst PMI of the serving cell via I/F, it executes the precoding which does cause the least interference to the serving cell by using the worst PMI of the serving cell. If the PMI information is sent on a per UE basis, it may need a large amount of additional signaling. Therefore, it is desired that the addition of new signaling would be kept to a minimum, to minimize impact on the specs. As an example, statistical or aggregated interference information of different PMIs can be exchanged between neighbor eNBs, therefore reducing the traffic load on the backhaul while still reducing the inter-cell interference through proper PMI selection and scheduling.
On the other hand, it is worried that the delay of interface between eNBs can prevent the CSI and PMI exchanged via interface from reflecting the recent propagation channel condition and cause the degradation. In response, the simulation results from some companies [3][4] show that the sufficient gain can be brought if the delay is low(under 10ms). Taking this into consideration, the exchange of precoding selection means much for inter-eNB CoMP operation if CB is deployed as NIB CoMP method. Meanwhile PMI selection can be also exchanged by CSI, so CSI can be the possible candidate for inter-eNB CoMP operation.
Proposal 2: The exchange of precoding selection or CSI improves the performance for inter-eNB CB when NIB with low delay and higher capacity is deployed. Otherwise statistical or aggregated inter-cell interference information should be considered.
2.2. Allocated power per resource (including muting)
Among these candidates, the topic about allocated power per resource, especially RNTP enhancements was picked up in [5] and [6] in RAN1 #74bis. We also believe RNTP is a good candidate for CoMP signaling. In previous releases, RNTP indicates the resource in which the transmission power is restricted. If we combine RNTP with some kind of additional information, such as interference or beamforming information, we could augment RNTP information to indicate other resource information on a subband basis. For example, it could also be used to indicate resources for CoMP.  Moreover if the other resource information indicates only 1 kind of resource for operation, additional information could be only 1 bit, which shows whether the resource RNTP indicates can be used for the resource for CoMP or not. 
Due to the potential long delay under NIB condition with heavy traffic load, frequent and heavy signaling cannot improve the performance of CoMP. The small size and low exchange rate of RNTP signals between eNB makes it attractive for eCoMP-NIB. Consequently utilizing RNTP could be useful for keeping the additional signaling and the load caused by exchange of it at minimal level.
Proposal 3: Utilizing the RNTP structure for CoMP is attractive for keeping the signaling overhead at a minimal level.
3. Conclusion
We discussed eCoMP topics, and propose the following: 
Proposal 1: Signaling exchange between eNBs is required to support and optimize enhanced CoMP, but should be kept at a minimal level to reduce the spec impact.
Proposal 2: The exchange of precoding selection or CSI improves the performance for inter-eNB CB when NIB with low delay and higher capacity is deployed. Otherwise statistical or aggregated inter-cell interference information should be considered.
Proposal 3: Utilizing the RNTP structure for CoMP is attractive for keeping the signaling overhead at a minimal level.
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