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Discussion
1 Introduction

The Release 11 CoMP Study Item Description explicitly supports the investigation of inter-site CoMP [1]. In line with this SID, a plan was agreed at RAN1 #63bis [2] whereby intra-site CoMP and deployments using RRH that are similar to intra-site CoMP in terms of the lack of backhaul limitations were given priority over inter-site CoMP, allowing RAN1 time to agree on the level of detail needed for backhaul modeling for the inter-site CoMP case.
In this contribution we review the contents of messages currently exchanged over the X2 interface with the aim of aiding interference mitigation, and examine how practical delay and capacity constraints can impact the validity and usefulness of these messages. We then turn our attention to ways of allowing a wide range of techniques to be considered while taking into account practical deployment issues. Rather than prescribing limits on tolerable backhaul latency and minimum capacity required, our preferred approach is that the proposer of each CoMP scheme should indicate the delay/capacity requirements and necessary X2 enhancements.
2 Existing X2 message types
2.1 Relative Narrowband Tx Power (RNTP)
For interference-aware DL scheduling—the underlying principle of CoMP—possibly the most important X2 information element is the RNTP. Currently this interference report consists of an indication on which frequencies a cell intends to transmit above a certain power level. PDCCH interference impact, as well as the number of cell-specific antenna ports are also included in the RNTP [3].
The impact of the transmission delay between the co-operating sites on the usefulness of these indicators will depend on their validity period. For instance, if the validity of the interference burst indicated in the RNTP is on the order of hundreds, or thousands of TTIs, then a latency of a couple of TTIs on the X2 interface would not impact the scheduling efficiency of the receiving node too severely. On the other hand, a delay of a couple of TTIs could render useless the interference report if its validity period was set to be of similar length. 
RNTP sent by a cell can be used (at its simplest) by its neighboring cell to refrain from scheduling its own users that can ‘see’ the cell originating the report on those frequencies for the time indicated. Exact actions taken by an eNB receiving such messages are not however specified by the 3GPP. Nevertheless, the information exchanged over the backhaul is key to many CoMP schemes, therefore its content, timeliness and accuracy do need to be captured in the simulations.
Observation I: Baseline for simulation parameter dimensioning for the exchange of control signaling should be the existing RNTP format, which does not pose a major challenge for the backhaul link capacity. More significance should therefore be put on modeling the impacts of the delay on the RNTP delivery. Some of its elements may be particularly sensitive to the delay, not least if their validity is comparable to transmission delay.
2.2 Allowing for possible enhancements
Numerous inter-site CoMP schemes proposed recently rely on exchange of additional information over the backhaul. Such additional signaling includes CSI exchange and scheduling assignments [4], to name a few well-known techniques.
Joint Processing (JP) would additionally entail the exchange of actual user-plane data, placing additional requirements on the capacity—possibly of the order of hundreds of Mbps [5].
Within the umbrella of CoMP techniques being proposed, as explained above we do feel that priority should be given to techniques that rely on incremental enhancements to existing X2 message formats, and as such do not create excessive additional work for RAN3. Having said that, it would be at this stage imprudent in our view to rule out modifications to the existing X2 message formats altogether.
Observation II: Careful consideration should be given to latency/capacity limits modeled so as not to prevent the simulation of certain inter-site CoMP techniques. Putting a capacity limit too low may prevent important signaling enhancements to be made, and even rule out JP altogether.
3 On the variety of CoMP schemes

From the Release 10 work on CoMP, it appears very likely that the proposals on inter-site CoMP will come in very different shapes and sizes, unless a consensus is reached very early on. Subsequently, the proposals on what is exchanged over the backhaul may vary significantly. At this stage we believe it is too early to prescribe what delays and capacity should be. It is always possible to provide low-latency, high-bandwidth X2 links; the question is the level of cost that is deemed tolerable, and the required improvement a CoMP scheme would have to yield to be deemed worthy of such costs. It is therefore essential to study any input from operators concerning various links to be used in practical deployments, and what sort of improvement they would expect from CoMP to make these links cost-effective.
Observation III: Rather than prescribing limits on delay and capacity, for us the preferred approach would be for each company to indicate the inherent delay tolerance and minimum capacity required of its preferred scheme on the backhaul link. This will enable RAN1 to compare these values against the specifications of the different types of backhaul links used in practical deployments, details of which we expect will be provided by various operators.

Observation IV: The deviation from the existing X2 message format framework should also be highlighted, indicating the effort RAN3 would have to put in to standardize the proposed solution.
4 Conclusions

When modeling latency on the backhaul link, the fact that different messages exchanged have different (and possibly varying) tolerance to the delay needs to be taken into account. Careful consideration of the different types of backhaul links used in practical deployments is needed; otherwise—if the latency/capacity values selected are too conservative—we may rule out the use of some or several of the indicators in the interference reports, thereby preventing the successful use of some of the proposed inter-site CoMP techniques, as well as possible reasonable enhancements to the existing X2 message formats. Our preferred approach would be that the proposer of each CoMP scheme should indicate the delay/capacity requirements and X2 enhancements for any proposed CoMP scheme.
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