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1 Introduction

In 3GPP RAN1 meeting #63bis, it was decided to split the performance evaluation of CoMP scenarios into two phases according to the prioritization:
· Phase 1 

· Homogeneous network with high Tx power RRHs 

· Starts now

· Aim to conclude in RAN1#65

· Phase 2

· “Heterogeneous network with low power RRHs within the macrocell coverage”, and “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”

· Starts after RAN1#64
Some simulation assumptions have been discussed in the email discussion after RAN1 meeting #63bis and converged to [1], but there are still many issues and items needing further refinement. This contribution discusses the further refinement to simulation assumptions for Phase 2, especially for the FFSs. The proposals on backhaul assumptions are treated separately in a companion contribution [3].

The following FFSs in [1] are discussed in this contribution, together with the discussion of the impairments modeling for 1) Collision between CRS and PDSCH and 2) Different control regions:

	Simulation case
	Deployment scenarios 1, 2: 
Need to check the impact of shadowing correlation on the CoMP performance

Baseline:

3GPP-Case1
could be revisited depending on the impact of the shadowing correlation on the CoMP performance

Optional:

ITU channel model
Deployment scenarios 3, 4: 
Alt. 1

Need to check whether fast fading model is consistent with pathloss model 2 as defined in TR36.814

[ITU UMa for Macro, UMi for low power node]

Alt. 2

Need to check whether fast fading model is consistent with pathloss model 1 as defined in TR36.814

[3GPP Case 1 UMa (high spread) for Macro, UMi for low power node]

Alt. 3

[3GPP Case 1]

Further study is needed with aim to converge on a single model as a baseline　for comparison at RAN1 #64
Note: fast fading model for Heterogeneous based on spatial channel model

	Legacy UE impact
	How to assess the legacy impact is FFS
Companies are encouraged to bring contributions how to address this issue

	Impairments modelling
	The following impairments are modelled. The modelling needs to be described.
- impairments of JP-CoMP 

    - Collision between CRS and PDSCH

    - Different control regions
[- time/frequency synchronization impairments - FFS]
[- PDCCH overhead/capacity should be taken into account in the comparison - FFS]

Companies are encouraged to bring contributioins how to address these issues

	Number of antennas at transmission point
	Macro and high Tx power RRH: 1, 2, 4, 8 (2 and 4 antennas are baseline for FDD, 2 and 8 antennas are baseline for TDD)

Low power node: 1, 2, 4 (2 and 4 antennas are baseline).
Inclusion of 2 or 4 antennas as baseline may be revisited
Baseline values for combinations (number of antennas at macro node, number of antennas at low-power node) are FFS until RAN1#64. Candidate values (to be further down-selected) are: 

(2, 2), (4, 4), (4, 2), (2, 4), (8, 2)


2 Discussion
There are four deployment scenarios for CoMP performance evaluation [1]:

· Deployment scenario 1: Homogeneous network with intra-site CoMP

· Deployment scenario 2: Homogeneous network with high Tx power RRHs 

· Deployment scenario 3: Heterogeneous network with low power RRHs within the macrocell coverage transmission/reception points created by the RRHs have different cell IDs as the macro cell

· Deployment 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.

It was agreed that phase 2 will focus on “Heterogeneous network with low power RRHs within the macrocell coverage”, and “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”, i.e. Deployment scenario 3 and Deployment scenario 4 above. Therefore, this section will discuss the refinement to the simulation assumptions for the two scenarios related to low power RRHs. In addition, further details of scenario 3&4 are discussed in a companion contribution [2].

2.1 Simulation case
There are three alternatives described in [1] for deployment scenarios 3 and 4 with low power RRHs:

· Alt. 1: Need to check whether fast fading model is consistent with pathloss model 2 as defined in TR36.814 [ITU UMa for Macro, UMi for low power node]

· Alt. 2: Need to check whether fast fading model is consistent with pathloss model 1 as defined in TR36.814 [3GPP Case 1 UMa (high spread) for Macro, UMi for low power node]

· Alt. 3: [3GPP Case 1]

And it is recommended that “Further study is needed with aim to converge on a single model as a baseline for comparison at RAN1 #64”.

The ITU UMi deployment scenario focuses on small cells with high user densities and traffic loads in city centres and dense urban areas. The key characteristics of this deployment scenario are high traffic loads, outdoor and outdoor-to-indoor coverage. This scenario will therefore be interference-limited, using micro cells. A continuous cellular layout and the associated interference shall be assumed. 
Generally, we agree to use the model of ITU UMi for low power node. With regard to macro node, we also prefer to use ITU UMi. The reason is that ITU UMi allows modelling a smaller Inter-Site Distance (200 meters), which is a more suitable model for current urban deployments in large cities. This type of deployments should be an important focus of CoMP in order to solve the severe inter-cell interference issue and improve both system spectrum efficiency and cell edge user throughput.

Based on the above discussion, we propose to add one new alternative as following:

· Alt. 4: [ITU UMi]

Proposal 1: Assume ITU UMi for both Macro and Low power node. 

2.2 Legacy UE impact
In [1], it is FFS how to assess the impact on legacy UEs. The impact on the performance of legacy UEs should be analysed and if necessary the performance of legacy UEs should be evaluated in the context of the same deployment as the CoMP scenario under consideration. In particular, if an unusual antenna configuration is used for transmitting broadcast signals and channels as compared to Rel-8/9/10, an assessment of the impact on legacy UEs should be provided by the proponents. This may be more of an issue with scenario 4 than with scenarios 1 to 3.
For example, transmission of synchronization signals and broadcast channels from a set of distributed antennas, as opposed to co-located antennas at a macrocell site in Rel-8/9/10, could have an impact on the synchronization and coverage of Rel-8/9/10 UEs.

Another situation where the performance of Rel-8/9/10 UEs could be affected may arise from the need to introduce new scrambling sequences for the PDCCH and CRS in Rel-11. If RRHs sharing the same cell ID want to take advantage of spatial frequency reuse for transmitting PDCCH and PDSCH over the same PRBs to different UEs, new scrambling sequences may be needed in order to randomize the interference. It is unclear how this would affect the detection of PDCCH and common RS by Rel-8/9/10 UEs.

Proposal 2: If necessary, a detailed discussion of the impact on the performance of legacy UEs should be provided for antenna configurations that are unusual in Rel-8/9/10.
2.3 PDCCH overhead/capacity 

It is mentioned in [1] that “[- PDCCH overhead/capacity should be taken into account in the comparison - FFS]”. And importantly a realistic assumption on the PDCCH overhead as a function of the number of scheduled users should be considered in the system evaluation, especially if the benchmark (non-CoMP) scenario and the CoMP scenario have different ways of transmitting the PDCCH.

For example, the benchmark scenario for scenario 4 with a high power macrocell and low power nodes is the Rel-10 eICIC framework where the low power nodes are picocells. Since each picocell has its own cell ID, it is able to schedule UEs independently of other picocells. The PDCCH transmitted by different picocells and by the macrocell share the same PRBs. Their mutual interference is mitigated by different scrambling sequences.

On the other hand in scenario 4 where all the low power nodes and the macrocell share the same cell ID, their PDCCHs may need to be transmitted over time and frequency resources that are orthogonal in order to avoid the interference that cannot be mitigated since all transmission points use the same scrambling sequence. The increased amount of resources dedicated to the PDCCHs decreases the amount of resources available for the PDSCH.

Otherwise, the PDCCH may only be transmitted by the macrocell, thus reducing the possible number of scheduled UEs compared to the benchmark scenario, assuming simulations enforce the same PDCCH overhead in amount of resources occupied for both the CoMP and non-CoMP scenarios.

Alternatively, if different scrambling sequences are assumed to randomize the interference, then the impact of introducing new scrambling sequences on legacy UEs should be assessed as discussed in section 2.2.

Proposal 3: Assumptions on PDCCH overhead for the CoMP and non-CoMP scenarios should be provided.

2.4 Number of antennas at the transmission points
It is proposed to use 1, 2, 4, 8 as the candidate number of antennas for Macro eNB [1]. However, macro eNB deployments with 1 antenna will not be common in Rel-11, so to simplify the evaluations, we prefer that the Macro has at least two antennas. 

Proposal 4: For macro node, 2 and 4 antennas are the baseline.

2.5 Impairments modelling
2.5.1 Collision between CRS and PDSCH 
Regarding the modelling of collisions between CRS and PDSCH, we believe that the performance with this impairment would fall into a region between an upper-bound and a lower-bound as shown below:
· Method 1 (can be deemed as an achievable upper-bound): With good cell planning, the same CRS frequency shift can be introduced for all transmission points within the CoMP cooperating cluster, so the impact of inter-cell CRS on PDSCH can be avoided. The inter-cell CSI estimation is only based on CSI-RS, and inter-cell CSI-RS orthogonality coupled with muting the corresponding REs is assumed with extra overhead taken into account.

· Method 2 (can be deemed as a loose lower-bound): Within coordinated MBSFN subframes, there is no collision between CRS and PDSCH. Taking the configuration of 24 MBSFN sub-frames per 40ms, the scheduler only allows CoMP in the MBSFN subframes. In other words, CoMP gains are only allowed in 60% of the subframes.
As the impacted performance will fall into the region between performance of Method 1 and Method 2, we can roughly estimate the impact of collision between CRS and PDSCH on the CoMP performance.

Proposal 5: Impact of collision between CRS and PDSCH on the CoMP performance can be roughly estimated to fall into the region between performance of Method 1 and Method 2.
2.5.2 Different control regions
If the cooperating transmission points have different cell IDs, as in scenarios 1, 2 and 3, and configure different sizes of the control region, then there will be collisions over typically one OFDM symbol between the control region of one cell and the PDSCH of another cell. If both cells are supposed to take part in the joint transmission to the same UE, one of the two cells will not be able to do so over that OFDM symbol (for example OFDM symbol #2).

While this scenario may arise when the cells experience different user loads, the problem can be very easily fixed by configuring both cells with the same control region size, according to the need of the highly loaded cell. This should not be a problem for the lightly loaded cell since it is not capacity-limited.

Note that in this case the lightly loaded cell will help a UE connected to the highly loaded cell with a CoMP transmission, thus PDSCH region where the joint transmission needs to occur matches the PDSCH region of the highly loaded cell, and both the lightly loaded and the highly loaded cells are not expected to send a joint transmission on OFDM symbol #2.

Thus configuring all the cells in the CoMP coordination region with the same number of OFDM symbols for the control region should provide a realistic assessment of achievable CoMP gains.

Proposal 6: For the simulations, all cells in the CoMP coordination cluster are configured with the same number of OFDM symbols for the control region.

3 Conclusions
This contribution discusses refinements to simulation assumptions for Phase 2. For FFSs in [1] the following are proposed:
	Simulation case

 Further study is needed with aim to converge on a single model as a baseline for comparison at RAN1 #64
	Proposal 1: Assume ITU UMi for both Macro and Low power node.

	Legacy UE impact 

How to assess the legacy impact is FFS

	Proposal 2: If necessary, a detailed discussion of the impact on the performance of legacy UEs should be provided for antenna configurations that are unusual in Rel-8/9/10.

	Impairments modelling

[- PDCCH overhead/capacity should be taken into account in the comparison - FFS]
	Proposal 3: Assumptions on PDCCH overhead for the CoMP and non-CoMP scenarios should be provided.

	Number of antennas at transmission point

Inclusion of 2 or 4 antennas as baseline may be revisited
	Proposal 4: For macro node, 2 and 4 antennas are the baseline.


For impairments modeling for 1) Collision between CRS and PDSCH and 2) Different control regions, the following are proposed:
Proposal 5: Impact of collision between CRS and PDSCH on the CoMP performance can be roughly estimated to fall into the region between performance of Method 1 and Method 2.
Proposal 6: For the simulations, all cells in the CoMP coordination cluster are configured with the same number of OFDM symbols for the control region.
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