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1 Introduction

During the Rel-11 CoMP study item phase [1], RAN1 has identified four deployment scenarios [2] for which the performance of various CoMP schemes has been evaluated over four RAN1 meetings. Scenario 1, which represents homogeneous networks with intra-site CoMP, has been recognized as the deployment with the largest potential for early CoMP operation. TR36.819 [2] contains the observations and conclusions agreed so far in RAN1. RAN1 has concluded that 

· In view of the observed results, it is recommended to specify support for DL CoMP operation and to investigate the extent to which specified support is needed for UL CoMP.
In this paper, we review the outcome of the CoMP study item and analyze multiple standardization aspects of CoMP in Rel-11.
2 CoMP Scenarios and consideration on the priorities: 
Four deployment scenarios have been defined and evaluated in the Rel-11 CoMP study item:

· Scenario 1: Homogeneous network with intra-site CoMP

· Scenario 2: Homogeneous network with high transmit power RRHs connected by fiber
· Scenario 3: Heterogeneous network with low power RRHs within the macrocell coverage, where the low power RRHs and the macro cell have different cell IDs
· Scenario 4: Network with low power RRHs within the macrocell coverage where the transmission/reception points created by the RRHs have the same cell IDs as the macro cell

What is the status of different network deployments as the four scenarios?
The first two scenarios are the traditional Macro-site network deployment as in current reality for most operators, while some old system does not have very powerful fiber as in Scenario 1, and Scenario 2 with powerful fiber connections being possibly deployed first for some other operators as pointed out in some offline discussion. 
Scenarios 3 and 4 are the Heterogeneous network, which are expected to be longer-term in terms of deployment. Scenario 3 has individual cell ID at each RRH site, supporting the frequency reuse among all the sites; while Scenario 4 has a single cell ID for both Macro cell and the RRHs within its coverage, which requires a central scheduler for physical layer scheduling and beamforming among all the sites that share the same cell ID.
It is recommended that the CoMP standardization work paces should take the network deployment status into account, i.e. the schemes that will benefit the current widely-deployed scenario should be put with higher priority. The effort in work item phase should not be put mainly or only for the longer-term deployment, and it’d be good to identify the use cases, targets and limits between Scenario 3 and 4, before going deeply in a full detailed design with a big standard impact. In addition, the standardization target is to enable the features that were proved to bring gains in the evaluations.

3 Overview of the evaluations in CoMP Study items 

The evaluations of downlink CoMP on the above Scenarios were taken in two phases, and show performance benefit with the corresponding schemes as summarized in the TR [2].
· CoMP can offer performance benefits in homogeneous networks (scenarios 1 and 2).

· CoMP shows performance benefits in heterogeneous networks (scenarios 3 and 4).

· Performance of CoMP schemes relying on spatial information exchange is sensitive to the delay between two transmission points.

· Level of sensitivity depends on the CoMP schemes.
It is worthy and proud to announce that the evaluations on CoMP SI is one of the WI/SIs with the most thorough evaluations in 3GPP history, which is comparable to ITU evaluation, thanks to the CoMP parallel session Chairman. The conclusion is to go ahead to specify the DL CoMP, at least those with thorough evaluation is quite firm.
Coherent JT versus non-coherent JT
Looking into more details at the evaluations submitted for phase 1 at RAN1 #65 (as listed in Annex 1), all the 12 companies that have provided results for JT have consistently used coherent JT by assuming that the channel information of multi-points are available at the cooperate eNBs. There was not any company that has simulated JT with just per-point PMI feedback (so-called “non-coherent JT”). 
On another aspect, the standard impact of non-coherent JT is a subset of those of coherent JT (i.e., the number of bits of inter-point feedback is set to 0). From that aspect, the work item should start on the standardization of coherent JT directly.

4 Uplink Aspects of CoMP 
RAN1 recommended at RAN1#66 to investigate the extent to which specified support is needed for UL CoMP. The uplink aspects that are relevant to the operation of UL CoMP have been identified as enhancements of reference signals (SRS, DMRS), UL power control, UL timing advance and enhancements of feedback channels. All of these aspects (except timing advance) were captured by the SI of enhanced uplink transmission for LTE [3], which has started at RAN1#66 and already made progress on several aspects. It was clear from the 60 contributions submitted for the study on enhanced uplink transmission that most companies consider these enhancements in the context of UL aspect of CoMP operation. Therefore, continuing the study on these uplink aspects of CoMP in the study item on enhanced uplink transmission should be the proper course to follow, with more details in [4].
5 Backhaul Aspects of CoMP 
After discussions of contributions submitted at RAN1#66 on the evaluation of constraints from lower capacity/higher latency communication between transmission points, and on the applicability of X2 for different CoMP modes/schemes, RAN1 concluded that the performance of CoMP schemes relying on spatial information exchange is sensitive to the delay between two transmission points. However, RAN1 was unable to conclude on the precise sensitivity of different CoMP schemes to the delay. Considering the large number of evaluations assuming intra-site and intra-eNB coordination, or assuming a low-latency high-capacity fiber backhaul where relevant (inter-eNB coordination), based on which the RAN1 conclusions on the benefits of CoMP have been drawn, we can consider that the study of CoMP in these scenarios is mature enough for standardization.
On the other hand, RAN1 has not been able to derive guidelines for specifying CoMP for deployments experiencing higher backhaul latency, nor has there been any study of the type and amount of information that would need to be exchanged among eNBs over the X2 interface to support CoMP operations for the schemes that have been investigated. These aspects would require more study before arriving at enough maturity in the future work.
It should be kept in mind that there is no or very little field experience for the operation of CoMP so far, and a staged standardization first targeting deployments of CoMP that are limited to intra-site and intra-eNB coordination would bring valuable experience for the future specification of CoMP in more challenging networks with limited backhaul latency/capacity and inter-eNB coordination.

6 Conclusions
After four RAN1 meetings for the CoMP study item, a certain level of maturity has been reached for DL CoMP, with extensive simulation campaigns and performance benefits observed with coherent joint transmission mostly in homogeneous networks (especially scenario 1), and dynamic point selection/blanking and coordinated scheduling/beamforming mostly in heterogeneous networks.

We make the following recommendations based on an analysis of individual aspects:

-  Scenarios: It is recommended that the CoMP standardization work paces should take the network deployment status into account, i.e. the schemes that will benefit the current widely-deployed scenario should be put with higher priority.
- Coherent JT versus non-coherent JT: The work item should start on the standardization of coherent JT directly. The evaluations on CoMP SI is one of the WI/SI with most thorough evaluations in 3GPP history, the conclusion based on which to specifying the schemes proved to give gains is quite firm. In addition, the standard impact of non-coherent JT, which was not evaluated during CoMP study phase, is a subset of those of coherent JT (i.e., the number of bits of inter-point feedback is set to 0). 
- UL aspects of CoMP: continuing the study on these uplink aspects of CoMP in the ongoing study item on enhanced uplink transmission should be the proper course to follow.
- Backhaul aspects of CoMP: Backhaul impacts would require more study before arriving at enough maturity in the future work. A staged standardization first targeting deployments of CoMP that are limited to intra-site and intra-eNB coordination would bring valuable experience for the future specification of CoMP in more challenging networks with limited backhaul latency/capacity and inter-eNB coordination.
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Annex
Table 2 Summary of the joint transmission feedback simulation assumptions at RAN1 #65
	Company
	Contribution
	Feedback assumption for joint transmission

	Huawei
	R1-111246
	single-point PMI + 4 bits co-phasing component

	NSN
	R1-111276
	per cell codebook quantization + inter-cell phase rotation

	Texas Instruments
	R1-111277
	single-point PMI + 2 bits co-phasing component

	Intel
	R1-111279
	single-point PMI + 2 bits co-phasing component

	Samsung
	R1-111282
	single-point PMI + 2 bits co-phasing component

	LG
	R1-111288
	composite precoding matrix of CoMP cells with quantized phase correction

	ALU
	R1-111292
	codebook concatenating received PMIs and phase/amplitudes

	NTT DoCoMo
	R1-111295
	single-point PMI + 2 bits co-phasing component

	Marvell
	R1-111298
	single-point PMI and phase correction factor

	Motorola
	R1-111284
	2Tx Rel-10 codebook for 1 RRH transmission and 4Tx Rel-10 codebook for JT

	Panasonic
	R1-111287
	explicit feedback: channel matrix without quantization for each cell

	Ericsson
	R1-111297
	CoMP cluster channel and interference covariance per subband (unquantized)













































































