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1
Introduction

3GPP TR 36.814 [1] defines baseline evaluation assumptions for DL intra-eNB CoMP.  This contribution discusses and makes recommendations for new and modified scenarios, assumptions and parameters.

2
Background

In RAN Plenary meeting #50 the following framework and work plan were agreed for the CoMP SI in Rel-11 [2]:
The framework of the CoMP study shall cover both intra-eNodeB as well as inter-eNodeB CoMP, and include investigation of spatial domain cooperation, e.g., spatial domain inter-cell scheduling and/or interference coordination, and other cooperation methods. The detailed objectives are as follows.

· Consider whether further refinements to the simulation assumptions from the agreements reached during the LTE-Advanced study item are needed to align with potential deployment scenarios, considering possible antenna configurations, data traffic model, network synchronization accuracy, and coordination capability including centralized or distributed scheduler assumption and their message exchange data rate and latency
· Evaluate the performance benefits of CoMP operation and the required specification support for the following scenarios: 

· Inter- and intra-site CoMP in homogeneous macro networks 
· Coordination between a cell(s) and the distributed RRHs connected to the cell(s): negligible latency is assumed over the interface between a cell(s) and the RRHs connected to the cell(s). The RRHs may or may not form separate cells from the cell to which they are connected. The coordination between amongst different 
· Coordination between different cell layers and within a cell layer in heterogeneous networks: coordination is performed between a macro cell(s) and small cells in the coverage of the macro cell(s). The small cells may be non-uniformly distributed in the coverage of a macro cell(s). 
· Identify potential enhancements for DL-CoMP operation (relating to JP and/or CB/CS) in the following areas:

· Control signalling and procedures on Uu and network internal interfaces
· UE feedback of downlink channel state information for multiple cells configured in the CoMP operation.
· Uplink sounding 
· Identify potential standardization impact for UL-CoMP operation and evaluate its performance benefit. 
In this contribution, we present our views of common simulation assumptions and parameters for downlink CoMP performance evaluation for both homogeneous and heterogeneous deployment scenarios. 
3
Discussion
In this section, we discuss the simulation assumptions of homogeneous and heterogeneous deployments, respectively. 
3.1
Simulation assumptions of Homogeneous Deployment
3.1.1
Additional possible transmission schemes
3GPP TR 36.814 specifies evaluation of both JP and CS/CB CoMP in an intra-eNB scenario, and comparison to baseline Rel-10 SU- and MU-MIMO. The possible transmission schemes in system-level simulation include single-cell SU- and MU-MIMO, SU- and MU-MIMO with inter-eNB CS/CB and JP CoMP.  The Rel-11 CoMP SI indicates that the evaluation should also include the inter-eNB scenario.  Therefore, we believe it is reasonable to add SU- and MU-MIMO with inter-eNB CS/CB and JP CoMP to the possible transmission schemes in the system-level simulation. 
Proposal 1:  Both JP and CS/CB inter-eNB CoMP are evaluated in Rel-11.
3.1.2
Network Synchronization

The baseline evaluation assumptions specify that the network is “synchronized” which implies perfect synchronization in time and frequency.  We recommend that in order to evaluate the realizable gains of each CoMP scenario a more realistic network synchronization is studied. We believe that a relative frequency mismatch of 0.1 ppm between CoMP transmission points is reasonable given the absolute frequency accurate requirement of +/- 0.05 ppm specified for wide area base stations in TS 36.104.  A non-zero time mismatch should also be specified, but further discussion is needed.

Proposal 2:  Imperfect time and frequency synchronization at the network is also studied.

3.1.3
Antenna Calibration

3GPP TR 36.814 does not discuss antenna calibration.  At a minimum, it should be clarified that perfect calibration is assumed for initial evaluation.  We also recommend that imperfect calibration should be studied since we expect it will erode the effective gains of the JT scheme.  This imperfect calibration would be specified as a linear distribution for phase and either a linear or Gaussian distribution for amplitude.  Further discussion is needed on specific values of the distribution for both phase and amplitude.
Proposal 3:  Imperfect calibration is evaluated, at least for the JT scheme.
3.1.4 
Non-full Buffer Traffic Model

3GPP TR 36.814 indicates that Non-full buffer traffic model will be evaluated, but no details are specified.  We recommend that a version of the FTP Traffic Model 2 specified in Table A.2.1.3.1-2 of TR 36.814 be utilized.  In order to reduce the simulation run-time, we propose to prioritize non-full-buffer traffic model without implementation of the file dropping for the initial CoMP performance evaluation.

Proposal 4A:  A version of FTP Traffic Model 2 is used for the Non-full Buffer Traffic Model, but without implementation of the file dropping in the initial CoMP performance evaluation.
With the usage of non-full-buffer traffic model, different levels of Normalized Cell Throughput (NCT) are possible by varying the parameters used in the model. In order to limit the scope of the simulation, it makes sense to prioritize the simulation in the order of NCT = 50% and 10%.
Proposal 4B:  Prioritize the simulation with Non-full Buffer Traffic Model in the order of NCT = 50% and 10%.
3.1.5
X.2 Latency
In order to ensure fair evaluation, the values for X.2 latency should be specified as part of the simulation assumptions.  We recommend zero latency for the intra-eNB scenario.  For the inter-eNB scenario, we recommend evaluating both low-latency, i.e., on the order of ‘x’ μsec, and high-latency on the order of ‘y’ msec.  Further discussion is needed before deciding on the values of ‘x’ and ‘y’.

Proposal 5:  For inter-eNB both low-latency X.2 (on the order of μsec) and high-latency X.2 (on the order of msec) are evaluated.

3.1.6 Scheduling Algorithm

3GPP TR 36.814 specifies proportional fair scheduling in time and frequency as the baseline scheduler for the single cell scenario.  For all of the CoMP transmission schemes, we recommend that iterative scheduling is used for low- or no-latency X.2, and non-iterative scheduling is used for the high-latency X.2 case.

Proposal 6:  For the CoMP transmission schemes, both iterative (for low/no X.2 latency) and non-iterative (for high-latency X.2) scheduling be used.
3.2 Simulation assumptions of Heterogeneous Deployment

3.2.1
Deployment Scenarios

The Rel-11 CoMP SI extends the evaluation to heterogeneous networks but does not specify the deployment studies.  We recommend that Case 6.2 (Macro + outdoor RRH/Hotzone) and Case 5.3 (Macro + indoor RRH/Hotzone) from TR 36.814 are given the highest priority.

Proposal 7:  Initial focus of evaluation is the Macro-RRH and Macro-pico scenarios.
3.2.2
Additional possible transmission schemes
As we recommended for the homogeneous deployment, we believe that CS/CB and JP-CoMP should be evaluated in both intra- and inter-eNB scenarios, with performance of single-cell SU- and MU-MIMO used as a baseline.

Proposal 8: CS/CB and JP-CoMP are evaluated for both intra- and inter-eNB cases.
3.2.3
Network Synchronization

As is the case for homogeneous deployments, we believe that imperfect time and frequency synchronization be included in the evaluation of heterogeneous deployments.  We recommend a relative frequency mismatch of 0.15 ppm between macro cell and picocell CoMP transmission points, given the absolute frequency accurate requirement of +/- 0.05 ppm specified for wide area base stations and +/-0.1 ppm specidied for local area base stations (i.e. picocells) in TS 36.104.  A non-zero time mismatch should also be specified, but further discussion is needed.

Proposal 9:  Imperfect time and frequency synchronization at the network is also studied for heterogeneous deployments.
3.2.4 UE Placement

Given our recommendation above that the initial focus is on the Macro-RRH and Macro-pico scenarios, we further recommend that clustered distribution of the UEs is used in the macro cell, as defined in configurations 4a/4b in Table A.2.1.1.2-4 of TR 36.814.

Proposal 10:  UEs in the macro cell are distributed in clusters.

3.2.5
Antenna Calibration

As is the case for homogeneous deployments, we recommend that imperfect calibration be studied since we expect it will erode the effective gains of the JT scheme.  This imperfect calibration would be specified as a linear distribution for phase and either a linear or Gaussian distribution for amplitude.  Further discussion is needed on specific values of the distribution for both phase and amplitude.

Proposal 11:  Imperfect calibration is evaluated, at least for the JT scheme, for heterogeneous deployments
3.2.5 
Non-full Buffer Traffic Model

As is the case for homogeneous deployments, the details of the Non-full buffer traffic model need to be specified.  We again recommend FTP Traffic Model 2, without implementation of the file dropping.

Proposal 12A:  A version of FTP Traffic Model 2 is used for the Non-full Buffer Traffic Model for heterogeneous deployments, without implementation of the file dropping in the initial CoMP performance evaluation
Proposal 12B:  Prioritize the simulation with Non-full Buffer Traffic Model in the order of NCT = 50% and 10%.
3.2.6
X.2 Latency

As is the case for homogeneous deployments, non-zero X.2 latency should be evaluated for the inter-eNB scenario.   We recommend zero latency for the intra-eNB scenario, and also for the macro-RRH inter-eNB case.  For the inter-eNB scenario, for the macro-pico cell case, we recommend evaluating both low-latency, i.e., on the order of ‘x’ usec, and high-latency on the order of ‘y’ msec.  Further discussion is needed before deciding on the specific value of the latency.
Proposal 13:  For inter-eNB, for the macro-pico cell case, both low-latency X.2 (on the order of μsec) and high-latency X.2 (on the order of msec) are evaluated.

3.2.7 
Scheduling Algorithm

As is the case for homogeneous deployments, we recommend that non-iterative scheduling is used for low- or no-latency X.2, and iterative scheduling is used for the high-latency X.2 case.

Proposal 14:  For the CoMP transmission schemes in heterogeneous deployments, both iterative (for low/no X.2 latency) and non-iterative (for high-latency X.2) scheduling should be used.

3.3 Other CoMP assumptions 

In addition to the items above where we made recommendations, we believe there are other areas of the CoMP evaluation that warrant further discussion.  These are items where either a specific assumption should be agreed upon prior to evaluation, or it should be agreed that companies that bring simulation results include details of the choices they made for these items in order to ensure a fair comparison:
· CoMP set determination – UE or NW-centric?

· CoMP transparency – in JT, is CoMP operation transparent to the UE?  For homegeneous scenarios, it is usually assumed that each cell has the same number of Tx antenna ports. For Hetnet scenarios, it is possible to have different number of antenna ports at macro, pico cells and RRHs. Will this have any implication on restriction of the number of layers/streams per transmission point in JT CoMP?

· CSI sharing – Extent of CSI sharing among CoMP cooperating cells. 

4
Conclusion
In this contribution, we have discussed evaluation assumptions for the Rel-11 CoMP SI and have made a number of recommendations on the scenarios and parameters to be used.
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