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1 Introduction
In 3GPP RAN#60, the study item description (SID) on CoMP for LTE with non-ideal backhaul was agreed for Release 12 [1], whose objectives are as follows:
· 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

According to the above objectives, the two main goals of the study item are

· Evaluate candidate CoMP techniques between multiple eNBs with non-ideal backhaul

· Summarize the potential signalling impacts for candidate the inter-eNB CoMP techniques. 

Focusing on the first goal, this contribution provides details on the evaluation methodology for CoMP with non-ideal backhaul (CoMP-NIB). 
2 Discussion on Evaluation Assumptions
As clearly described in the SID on CoMP-NIB [1], evaluation scenarios could be categorized into three CoMP operations:
· Between macro eNBs (CoMP scenario 2 except for the backhaul assumptions)

· Between macro eNB and small cell eNBs (SCE scenario 1 with non-ideal backhaul)

· Between small cell eNBs (SCE scenario 2a with non-ideal backhaul)
In other words, the scenarios can be first classified based on whether the network deployment is homogeneous or heterogeneous. In particular, the scenario for heterogeneous network can be further divided into two sub-scenarios based on the level of coordination. The resulting CoMP-NIB scenarios are summarized as follows:
· CoMP-NIB scenarios

· Scenario 1: CoMP operation in homogeneous network with non-ideal backhaul
· Coordination between macro eNBs (similar to CoMP Scenario 2)
· Scenario 2: CoMP operation in heterogeneous network with non-ideal backhaul
· Scenario 2a: Coordination between macro eNB and small cell eNBs (similar to SCE scenario 1)
· Co-channel deployment of the macro cell and small cells
· Scenario 2b: Coordination between small cell eNBs (similar to SCE scenario 2a)
· Separate frequency deployment of the macro cell and small cells
Taking into account the above evaluation scenarios, we think that some part of the simulation assumptions in TR 36.872 [2] could be reused for CoMP-NIB scenarios. Note, however, that there are details in the evaluation methodology which require changes. The following subsections summarize areas of the methodology that require modification.

2.1 CoMP-NIB Scenario 1
In CoMP-NIB scenario 1 which is similar to CoMP scenario 2 in TR 36.819 [3], CoMP operation between macro eNBs in homogeneous network would be evaluated. Figure 1 depicts the network deployment of CoMP-NIB scenario 1. As in CoMP scenario 2 in TR 36.819, the baseline number of cells in coordination could be 9 cells as well as coordination between 3, 19, or 21 cells could be considered as optional. The layout for the coordination which is described in TR 36.819 could be reused.
[image: image1.emf]CoMP Area Base station

Non-ideal backhaul

Macro eNB


Figure 1: CoMP-NIB Scenario 1
Backhaul Assumption: Non-ideal backhaul with latency values {5ms, 10ms, 20ms, 30ms, 40ms, 50ms}
The main target of the study item is to assess the performance gain of inter-eNB coordination for levels of delay achievable with non-ideal backhaul. Therefore, it would be preferable if the evaluation takes into account various latency values of non-ideal backhaul. In TR 36.932 [4], a categorization of non-ideal backhaul based on operator inputs is provided as in Table 1.
Table 1: Categorization of non-ideal backhaul

	Backhaul Technology
	Latency (One way)
	Throughput
	Priority (1 is the highest)

	Fiber Access 1
	10-30ms 
	10M-10Gbps
	1

	Fiber Access 2
	5-10ms
	100-1000Mbps
	2

	Fiber Access 3
	2-5ms
	50M-10Gbps
	1

	DSL Access
	15-60ms
	10-100 Mbps
	1

	Cable 
	25-35ms
	10-100 Mbps
	2

	Wireless Backhaul
	5-35ms 
	10Mbps – 100Mbps typical, maybe up to Gbps range
	1


Based on the latency values in Table 1, our proposal for the backhaul assumption is to take into account non-ideal backhaul with latency values {5ms, 10ms, 20ms, 30ms, 40ms, 50ms}. If evaluation results for these latency values are provided, it could show a clear picture of how robust a coordination scheme is against various cases of non-ideal backhaul.
Channel model: ITU UMa
The baseline channel model for homogeneous network scenarios was 3GPP Case 1 which was agreed to maintain the consistency with evaluations in Rel-10 CoMP study item. On the other hand, heterogeneous network scenarios which were introduced in Rel-11 used ITU channel model since it can be applicable to various wireless environments. 
In CoMP-NIB SI, so as to study the feasibility of CoMP operation in realistic inter-cell interference environments, the channel model for evaluation should be able to reflect various characteristics of interference. In this sense, ITU channel model which differentiates LoS and NLoS conditions between the interfering source and UE would be more appropriate for the evaluation than 3GPP Case 1 which has just a single slope pathloss model regardless of LoS and NLoS conditions. Additionally, having a common channel model across all Release 12 study and work items would allow evaluation results on different features to be comparable. Note that ITU UMa channel model is used for evaluation of further enhanced downlink MIMO work item, small cell and NAICS study items for modelling the channel between the macro eNB and the UE. Therefore our proposal is to use ITU UMa channel model as the baseline simulation case for CoMP-NIB evaluation
Coordination scheme: coordinated scheduling and coordinated beamforming
As captured in the SID, coordinated scheduling and coordinated beamforming (CS/CB) schemes would be evaluated as candidate CoMP techniques. Details of the coordination schemes used in evaluation would be provided by individual companies. Given that semi-static point selection/muting mainly targets small-cell ON/OFF schemes on being studied in SCE SI, it could be treated only in heterogeneous network scenarios (CoMP-NIB Scenarios 2a/2b).
Reference scheme: No coordination, Coordination in CoMP scenario 1 of TR 36.819
Intra-site CoMP which is coordination between three sectors in one eNB site can be implemented based on Release 11 specification without backhaul assistance. That is, coordination in CoMP scenario 1 can be fully supported without additional specification support on network interface. Therefore, the baseline reference scheme for performance comparison could be intra-site CoMP based on Release 11 techniques. Details of the intra-site CoMP scheme in evaluation could be provided by individual companies. 
Additionally, we also see value in comparing the performance of inter-eNB CoMP with the case where no coordination of any sort is assume. Given that intra-site CoMP schemes in consideration of different companies could be diverse, we may need a reference point which has a common understanding between companies. In this sense, transmission schemes from a single transmission point (TP) without coordination could be the clear reference for the performance comparison. In addition, performance gain over the single-TP transmission scheme would be informative to operators which have not yet deployed CoMP.
Having discussed above, main characteristics of CoMP-NIB scenario 1 could be summarized as follows:

· CoMP-NIB Scenario 1:
· CoMP operation between macro eNBs (ISD=500m) in homogeneous network
· Similar to CoMP scenario 2 in TR 36.819

· Number of cells in coordination: baseline is 9 (optional: 3, 19, 21) with the layout as in TR 36.819
· Backhaul assumption:
· Non-ideal backhaul between eNB sites

· Latency values: 5ms, 10ms, 20ms, 30ms, 40ms, 50ms

· Channel model:

· ITU UMa

· Coordination scheme:

· CS/CB

· Reference scheme for performance comparison:

· No coordination

· Coordination in CoMP scenario 1 in TR 36.819

2.2 CoMP-NIB Scenario 2a
In CoMP-NIB scenario 2a which is similar to SCE scenario 1 in TR 36.872, CoMP operation between macro eNB and small cell eNBs in heterogeneous network would be evaluated. Figure 2 shows the network deployment of CoMP-NIB scenario 2a where macro cell and small cells are deployed in co-channel. As in SCE scenario 1 in TR 36.872, the number of clusters per macro cell area is 1 or 2 and the number of small cells per each cluster is 4 or 10. Most of evaluation assumptions for SCE scenario 1 could be reused. Some changes are listed as follows.
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Figure 1: CoMP-NIB Scenario 2a
Backhaul Assumption: Non-ideal backhaul with latency values {5ms, 10ms, 20ms, 30ms, 40ms, 50ms}

For the same reason as CoMP-NIB scenario 1, latency values {5ms, 10ms, 20ms, 30ms, 40ms, 50ms} could be considered for evaluation. In particular, for CoMP-NIB scenario 2, three kinds of interfaces would need to be considered:

· Between macro eNB and small cell eNBs within macro cell coverage

· Between small cell eNBs within macro cell coverage

· Between macro eNBs of different sites

Coordination scheme: coordinated scheduling and coordinated beamforming, semi-static point selection/muting
As captured in the SID, coordinated scheduling and coordinated beamforming (CS/CB) schemes including semi-static point selection/muting would be evaluated as candidate CoMP techniques. Details of the coordination scheme in evaluation would be provided by individual companies.
Reference scheme: No coordination (Release 11 eICIC can be considered)
For CoMP-NIB scenario 2a, the reference scheme for performance comparison could be Release 11 based techniques without inter-TP coordination. For example, Release 11 eICIC with a specific cell range expansion value and number of almost blank subframes can be considered for the performance comparison.

Having discussed above, main characteristics of CoMP-NIB scenario 2a could be summarized as follows:

· CoMP-NIB Scenario 2a:
· CoMP operation between macro eNB and small cell eNBs in heterogeneous network

· Similar to SCE scenario 1 in TR 36.872
· Number of clusters per macro cell area: 1, 2
· Number of small cells per cluster: 4, 10

· Backhaul assumption:

· Non-ideal backhaul between macro eNB and small cell eNBs within its coverage, and small cell eNBs under the coverage of one macro cell
· Non-ideal backhaul between macro eNBs of different sites
· Latency values: 5ms, 10ms, 20ms, 30ms, 40ms, 50ms

· Channel model:

· ITU UMa for macro cell, ITU UMi for small cell
· Coordination scheme:

· CS/CB

· Semi-static point selection/muting

· Reference scheme for performance comparison:

· No coordination (Rel-11 eICIC can be considered)
2.3 CoMP-NIB Scenario 2b
In CoMP-NIB scenario 2b which is similar to SCE scenario 2a in TR 36.872, CoMP operation between small cell eNBs in heterogeneous network would be evaluated. Figure 3 shows the network deployment of CoMP-NIB scenario 2b where macro cell and small cells are deployed in separate frequencies. As in SCE scenario 2a in TR 36.872, the number of clusters per macro cell area is 1 or 2 and the number of small cells per each cluster is 4 or 10. Most of evaluation assumptions for SCE scenario 2a could be reused. For similar reasons to CoMP-NIB scenario 2a, some changes are necessary.

[image: image3.emf]Macro eNB

Small cell cluster

F1

CoMP Area Base station

Non-ideal backhaul

Low power RRH


Figure 3: CoMP-NIB Scenario 2b
Main characteristics of CoMP-NIB scenario 2b could be summarized as follows:

· CoMP-NIB Scenario 2b:
· CoMP operation between small cell eNBs in heterogeneous network

· Similar to SCE scenario 2a in TR 36.872

· Number of clusters per macro cell area: 1, 2

· Number of small cells per cluster: 4, 10

· Backhaul assumption:

· Non-ideal backhaul between small cell eNBs
· Latency values: 5ms, 10ms, 20ms, 30ms, 40ms, 50ms

· Channel model:

· ITU UMa for macro cell, ITU UMi for small cell

· Coordination scheme:

· CS/CB

· Semi-static point selection/muting

· Reference scheme for performance comparison:

· No coordination
3 Conclusions
In this contribution, details on the evaluation methodology for CoMP-NIB SI were provided. According to the agreed SID, evaluation scenarios are categorized as follows:
· CoMP-NIB scenarios

· Scenario 1: CoMP operation between macro eNBs (similar to CoMP Scenario 2)
· Scenario 2a: CoMP operation between macro eNB and small cell eNBs (similar to SCE scenario 1)
· Scenario 2b: CoMP operation between small cell eNBs (similar to SCE scenario 2a)
Evaluation assumptions for each of the above CoMP NIB scenarios can be summarized as follows:
· CoMP-NIB Scenario 1:
· CoMP operation between macro eNBs (ISD=500m) in homogeneous network

· Similar to CoMP scenario 2 in TR 36.819

· Number of cells in coordination: baseline is 9 (optional: 3, 19, 21) with the layout as in TR 36.819
· Backhaul assumption:

· Non-ideal backhaul between eNB sites

· Latency values: 5ms, 10ms, 20ms, 30ms, 40ms, 50ms

· Channel model:

· ITU UMa

· Coordination scheme:

· CS/CB

· Reference scheme for performance comparison:

· No coordination

· Coordination in CoMP scenario 1 in TR 36.819
· CoMP-NIB Scenario 2a:
· CoMP operation between macro eNB and small cell eNBs in heterogeneous network

· Similar to SCE scenario 1 in TR 36.872

· Number of clusters per macro cell area: 1, 2

· Number of small cells per cluster: 4, 10

· Backhaul assumption:

· Non-ideal backhaul between macro eNB and small cell eNBs within its coverage, and small cell eNBs under the coverage of one macro cell
· Non-ideal backhaul between macro eNBs of different sites
· Latency values: 5ms, 10ms, 20ms, 30ms, 40ms, 50ms

· Channel model:

· ITU UMa for macro cell, ITU UMi for small cell

· Coordination scheme:

· CS/CB

· Semi-static point selection/muting

· Reference scheme for performance comparison:

· No coordination (Rel-11 eICIC can be considered)

· No coordination (Rel-11 eICIC can be considered)
· CoMP-NIB Scenario 2b:
· CoMP operation between small cell eNBs in heterogeneous network

· Similar to SCE scenario 2a in TR 36.872

· Number of clusters per macro cell area: 1, 2

· Number of small cells per cluster: 4, 10

· Backhaul assumption:

· Non-ideal backhaul between small cell eNBs
· Latency values: 5ms, 10ms, 20ms, 30ms, 40ms, 50ms

· Channel model:

· ITU UMa for macro cell, ITU UMi for small cell

· Coordination scheme:

· CS/CB

· Semi-static point selection/muting

· Reference scheme for performance comparison:

· No coordination
The resulting evaluation assumption is given in the attached spreadsheet.
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