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1 Introduction

In previous meetings RAN 4 discussed the use of CRS-IC together with CoMP. RAN 4 extensively discussed the need to introduce additional tests in CoMP work item to mandate the use of serving cell CRS-IC under the motivation that this could potentially provide some gains in a link level setting where the only interferer is the serving cell. The additional motivation was that the CRS-IC is already a standardized feature in Rel-11 under the FeICIC context.
In the last RAN 4 meeting RAN 4 could not achieve any conclusion or agreement on this matter and in the last RAN plenary meeting it was decided to close the Rel-11 CoMP work item. It should be noted also that RAN 4 already decided NOT to introduce a test which would mandate the need for SC-CRS-IC in Rel-11 as minuted in [1]. However a discussion on this topic has been re-opened.
In this document we discuss the need to mandate the use of SC-CRS-IC in CoMP via new simulation results.
In summary we think that the discussion RAN 4 needs to focus on is whether generic CRS-IC is useful in order to enhance COMP gains and whether this should be considered as an improvement of the performance by following regular procedures rather than discussing the use of a modification of an existing feature without involving responsible WGs as mandating the use of SC-CRS-IC in Rel-11 would imply.
Furthermore system simulation results do not show any benefits related to the use of SC-CRS-IC. 

The paper addresses the above mentioned two points, i.e.

· The usefulness of generic CRS-IC in COMP
· The uselessness of SC-CRS-IC in COMP

2 Discussion

2.1 Difference between CRS-IC and SC-CRS-IC

CRS-IC was defined in Rel-11 under FeICIC work item with the following characteristics
· The network provides assistance information on the Cell ID, CRS APs and MBSFN configurations of the potential cells the UE can cancel

· The UE performs strongest cells CRS-IC cancellation. The performance requirements are defined by assuming that the UE cancels the 2 strongest interferers in a generic manner independently from which cell is the strongest one.

This is shown in Figure 1.

The SC-CRS-IC instead 
· It does not require network signalling

· It applies in a case when the UE is first attached to the macro cell and then moved to a pico cell. 

· It forces the network to make sure that the UE is attached to the macro serving cell (sending PDCCH from the macro cell, first attaching the UE to the macro cell to move it to a pico cell) to make sure the UE can benefit from the SC-CRS-IC.  

· It allows ONLY cancellation of the serving cell CRSs and not in a generic manner of (up to 2) strongest interferers. It does not allow for cancellation of CRS sent by any other strong interferer a part from serving macro cell.  

This is shown in Figure 2.
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Figure 1. Scenario for which every UEs can apply CRS-IC
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Figure 2. Scenario for which only selected UEs can apply SC-CRS-IC

2.2 Simulation analysis
As explained above, in order to make the use of SC-CRS-IC useful, the eNodeB has to implement special CoMP transmission strategies, namely a dynamic point selection (DPS) scheme, meaning that the UEs receive PDSCH from a non-serving cell. A DPS scenario as such implies that in order to benefit from the SC-CRS-IC the UEs will need first to be connected to the macro cell and then moved to the pico cell. While UEs which are directly connected to a pico cell will not be able to benefit from this SC-CRS-IC implementation, as they do not have any information related to the strongest interferences which need to be cancelled. Such a scheme which requires the eNodeB to serve multiple UEs from the macro cell just to enable the use of SC-CRS-IC of the same cell will render a highly inefficient use of PDCCH that will remain being served from the macro.
Observation 1: It was already shown in [2] that a setup where the UE has to be first attached to the macro cell and then moved to the pico cell is a very narrow and specific case of operating CoMP that has not been sufficiently studied, and that the overall CoMP system performance is not optimized with such implementation.

In this contribution we provide additional simulation results with different parameterization compared to [2] for the DPS scheme mentioned above. We consider the case when the generic CRS-IC is implemented, the case when SC-CRS-IC is implemented and we compare this with the case when no CRS interference on PDSCH is assumed and with a non-comp scenario.
The implemented scenario is such that UEs that are served by a macro cell are optionally moved using DPS to their respective strongest pico cell within the coordination area if this improves the total sum rate. 

By using this method, the UEs that are moved from the macro cell to the pico cell can benefit from the SC-CRS-IC. Note that according to the DPS algorithm the UEs can be moved only to a pico cell belonging to the coordinated cluster, hence it becomes important to use a sufficient CSO also for the DPS algorithm to ensure that the UE ends up in the most relevant cluster, the DPS can then be used to optionally move remaining UEs to the pico layer (effectively cell specifically increasing the CSO on a dynamic per TTI basis). 

In order to understand system level performance we have analysed the following set up:

· Config 4B with indoor outdoor

· Simplified tool: 

· Ideal link-adaptation

· Wideband SINRs (no fast fading)

· 10 MHz bandwidth

· FTP model 1 (dynamic traffic): 500 kB data packets

· CRS-IC which perfectly cancels the interference coming from the strongest cell.

· No CRS interference (modelling colliding CRSs case)

· SC-CRS-IC which perfectly cancels the serving cell CRSs interference

· No CRS-IC scheme

· Cell Selection Offset: 6 dB

· Handover margin: 1 dB

· Heterogeneous scenario with a coordination cluster composed by a macro node and 4 pico nodes.

Note that in general a large COMP cooperation cluster is impossible/irrealistic because of limitations on CSI-IM pattern configurations and CSI-RS processes configurations.
Figure 3 shows the performance of DPS in terms of mean throughput vs. served traffic for different assumptions on CRS interference rejection capabilities. Figure 4 shows the same evaluation in terms of 5 percentile throughput vs. served traffic. From the figures it can be observed that the performance of DPS with non-colliding CRS is equal to the performance of the reference No CoMP scenario. That is, the interference from the non-colliding CRS makes it impossible to attain any gains from DPS. Using SC-CRS-IC does not help, since it only provides IC for the UEs that are moved from the aggressor Macro but fails to provide IC for the other victim UEs that have not been moved. The gain that the DPS UE experience due to SC-CRS-IC is counteracted by the loss that this UE gets from being more prone to be moved to a weaker transmission point, the net effect is astonishingly close to zero gain.

On the other hand, if all UEs in the system would be able to cancel their dominating CRS interferer (i.e. the CRS IC case) then gains with DPS compared to No CoMP can be observed. Note that the CRS-IC is extremely beneficial regardless of DPS or No CoMP, which becomes even more evident when we evaluate DPS vs no CoMP with no CRS interference at all.
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Figure 3. Mean User Throughput performance of DPS versus No CoMP for different CRS assumptions
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Figure 4. Fifth percentile User Throughput performance of DPS versus No CoMP for different CRS assumptions
Release 11 CoMP includes not only support for dynamic point selection. Arguably the CoMP feature that has shown greatest potential is dynamic point blanking, DPB. While DPB is very much affected by interference from CRS since CRS remains even when PDSCH has been blanked, it can unfortunately not directly benefit from SC-CRS-IC.  Figures 5 and 6 show the mean user throughput and 5-th percentile respectively against served traffic for DPS in combination with DPB (i.e. DPS+DPB) and No CoMP. In addition to the DPS algorithm described above, the possibility to mute transmissions through DPB is also added as possible scheduling hypotheses. The parameters are otherwise identical compared to the results in Figure 3 and 4. Note that the gain of DPS+DPB is very limited in the case of No CRS IC. Adding CRS-IC improves the performance of DPS+DPB drastically both due to reduced CRS interference in general, but also due to the fact that the relative gain of blanking is increased. Obviously SC-CRS-IC cannot provide any greater benefit for DPS+DPB than it did for the DPS only case since a fraction of the UEs that where moved through DPS is now often blanked through DPB instead.

Note also that in this setup, with no fast fading and ideal link-adaptation, the CoMP gain with DPS+DPB becomes rather extreme when no CRS interference is present (i.e. the case No CRS interf). In practice, when the CRS interference is no longer the limiting factor, CSI imperfections that are not modelled here would limit the gains.
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Figure 5. Mean User Throughput performance of DPS+DPB versus No CoMP for different CRS assumptions
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Figure 6. Fifth percentile User Throughput performance of DPS+DPB versus No CoMP for different CRS assumptions
From the simulation results above the following observations can be made:

Observation 2: 

· CRS-IC provides large gains in terms of performance in DPS and DPB scenarios, but also for No CoMP operation of TM10. The gains come from the fact that non-colliding CRS is a major contributor to the overall interference, and interference coordination without reducing the CRS interference is not useful.
· SC-CRS-IC does not show any gain on a system level since only the UEs that are moved from macro cell to a (in most cases weaker) pico cell within the CoMP cluster can be compensated by a reduced interference, while the other UEs that are supposed to be helped by the move are still severely affected by CRS interference.
· From the results in [3] (link level simulations) cancelling only the serving macro cell can provide some benefits when a test set up is built in a way to show gains, i.e. the only dominant/strong interferer present is the serving macro cell. In case of 2 interferers are present, depending on their relative level the gains may decrease substantially. 
Proposal 1: Considering the above simulation results, mandating the implementation of SC-CRS-IC is not justified.

2.3 Enhancement of CoMP performance in Rel-12
In previous meeting it was suggested to choose between a) discussing the use of CRS-IC in the scope of Rel-12 or b) the use of SC-CRS-IC under TEI11.

If choice a) is chosen then RAN 4 (and other WGs) would have sufficient time in order to discuss the need for a generic CRS-IC in COMP, whether assistance information would be needed or not.  It this contribution it is shown that the use of a generic CRS-IC will provide substantial gains in many COMP scenarios. Hence the use of CRS-IC in COMP seems promising.

If choice b) is considered then RAN 4 would mandate the UE to support a feature which has never been discussed in the context of this work item (in RAN 1), nor system analysis has been done by considering SC-CRS-IC in RAN 1; mandating this feature would lead to an increase in UE complexity and power consumption without a clear system benefit and it would constraints the network to implement special behaviour which is not demonstrated to be efficient from a system point of view with the only advantage that it does not require assistance information. 

The other alternative, call it choice c) is to consider a generic CRS-IC in TEI 11 (with no constraints on which cell(s) to cancel) without any assistance information. This solution have the advantage of providing enhancement of system performance and link level performance, it does not put constraints on the COMP strategy to use to achieve these gains, it does not require core specification changes. The drawback of this alternative choice is that the UE complexity would increase but this increase in complexity would be highly justified by the performance gains achieved. 

In summary 3 options are considered
a) discussing the use of CRS-IC in the scope of Rel-12 or 

b) discussing  the use of SC-CRS-IC under TEI11.
c) discussing the use of CRS-IC in Rel-11 with no impact on core specifications
Proposal 2:
We prefer to have a proper approach to define enhanced CoMP performance in the context of Rel-12 with the introduction of requirements which mandate the use of a generic CRS-IC cancelling the strongest interferer(s) and involve responsible WGs. The alternative option is Option c even if we have concerns about the time needed in order to conclude discussions related to this case.
Additionally it is recommended to involve RAN 1 (and RAN plenary if needed) in such decision (as RAN 1 is responsible for the analysis and conclusions on the benefits of CoMP feature from system level point of view).
3 Conclusions

This paper presents system level simulation results that shows the performance potential with CRS-IC for TM10 given non-colliding CRS. The evaluations further show that CRS-IC is needed in order to benefit from release 11 based CoMP features such as DPB and DPS. Finally, our evaluations show that SC-CRS-IC, which is applicable for DPS operation, does not provide any gain from a system perspective.

The proposals and observations are as follows:
Observation 1: It was already shown in [2] that a setup where the UE has to be first attached to the macro cell and then moved to the pico cell is a very narrow and specific case of operating CoMP that has not been sufficiently studied, and that the overall CoMP system performance is not optimized with such implementation.

Observation 2: 

· CRS-IC provides large gains in terms of performance in DPS and DPB scenarios, but also for No CoMP operation of TM10. The gains come from the fact that non-colliding CRS is a major contributor to the overall interference, and interference coordination without reducing the CRS interference is not useful.

· SC-CRS-IC does not show any gain on a system level since only the UEs that are moved from macro cell to a (in most cases weaker) pico cell within the CoMP cluster can be compensated by a reduced interference, while the other UEs that are supposed to be helped by the move are still severely affected by CRS interference.

· From the results in [3] (link level simulations) cancelling only the serving macro cell can provide some benefits when a test set up is built in a way to show gains, i.e. the only dominant/strong interferer present is the serving macro cell. In case of 2 interferers are present, depending on their relative level the gains may decrease substantially. 

Proposal 1: Considering the above simulation results, mandating the implementation of SC-CRS-IC is not justified.

Proposal 2:

We prefer to have a proper approach to define enhanced CoMP performance in the context of Rel-12 with the introduction of requirements which mandate the use of a generic CRS-IC cancelling the strongest interferer(s) and involve responsible WGs. The alternative option is Option c even if we have concerns about the time needed in order to conclude discussions related to this case.

Proposal 3: Additionally it is recommended to involve RAN 1 (and RAN plenary if needed) in such decision (as RAN 1 is responsible for the analysis and conclusions on the benefits of CoMP feature from system level point of view).
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