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Introduction

During the RAN#68 plenary, a new study item on the interference mitigation for downlink control channels has been approved [1]. In this contribution we present views with respect to the scope of this work proposal. 
2
Applicability of advanced receivers
During the past releases there have been several developments with respect to the interference mitigation/interference cancellation (IM/IC) of several downlink channels or reference/synchronization signals such as PDSCH and CRS/PSS/SSS. In addition, advanced linear or non-linear receivers such as MMSE-IRC/SLIC/R-ML/CWIC have been used to define performance requirements for technologies like FeICIC, NAICS or improved SU MIMO operation. Considering the interference mitigation of downlink control channels is beneficial from the perspective of having a more complete set of applicability for IM/IC receivers and hence a more unified operation framework for DL LTE. 

There are some lessons to learn from the above topics. For example on many occasions the features investigation has been fragmented, based on scenarios, between releases. This is indeed the case of CRS IC which was developed first for HetNet scenario as required by FeICIC feature while homogeneous scenario is considered currently in Release 13. The signalling mechanisms for CRS IC are already in place while the CRS IC UE implementation as such considers all the cancellation of all CRS positions in the PRB (only for 2Tx though), hence also the ones in the PDCCH area. From this perspective considering CRS IC in defining enhanced performance requirements for PDCCH should be straight forward.

Proposal 1: Consider CRS IC as mandatory in defining new performance requirements for PDCCH.

Advanced receivers are commonly used is defining performance requirements of new features. The existing receiver type A (MMSE-IRC) in Release 11 and Receiver type B (RML/SLIC) in Release 12 are setting the baseline for future performance requirements in RAN4. Receiver type B is out of scope of this work, hence the remaining candidates are MMSE-IRC or E-MMSE-IRC. The difference between these two receivers is that the E-MMSE-IRC is identifying the dominant interferer in the process of mitigating interference. The gains of E-MMSE-IRC over the MMSE-IRC should be investigated in RAN4 as it may be the case that depending on the interference conditions like for example the load of the interfering control channels, there might be more or less performance differences between them. Both cases of colliding and non-colliding CRS should be considered at least in the initial stage.
Proposal 2: Investigate the performance benefits of both MMSE-IRC and E-MMSE-IRC receivers.

Proposal 3: Consider both colliding and non-colliding CRS.

The receivers to be considered in this work (MMSE-IRC, E-MMSE-IRC, CRS-IC) do not need extra network assistance compared to what is available in the current release 13 (assuming here the CRS-IC is going to be finalized). 

Proposal 4: Utilize the current available network assistance for the advanced receivers.

Proposal 5: Confirm that it is out of scope of this WI the introduction of new network assistance for advanced receivers considered in this work. 
3
Deployment scenarios and simulations assumptions 
In order to clarify the deployment scenarios it is important to look at the interference structure which affects the control channels. It is expected that the cell edge users are making most benefit from the utilization of interference mitigation in control channels, from this perspective this work resembles with the inter-cell IC considered by NAICS. From a network topology perspective two scenarios have been considered in NAICS, that is homogeneous and HetNet, while ideal and non-ideal backhaul were further considered for HetNet.
Scenario wise there are many common points with NAICS operation, however the interference structure of the control channels may differ with respect to the data channels. In short, in NAICS the intention was to capture the time varying nature of the traffic (FTP like) and to characterise a number of dominant interferers. The situation is somehow similar for control channels, however the discussion needs to be split between the channels themselves. For example one new factor for PDCCH interference is the interfering PDCCH load which may affect the structure of the interference. While PDCCH is present wideband and in every subframe, what was considered as ON/OFF for PDSCH is now translated into PDCCH load, hence it needs to be considered as well. The interfering structure for EPDCCH seems a bit more complicated. For example a serving cell EPDCCH may be interfered by a neighbour EPDCCH or by PDSCH, hence at least one solution is to consider a mix of both with different probabilities. In fact when the interfering channel is not EPDCCH, the network may configure any type of PDSCH structure in the sense that any TM (CRS or DMRS based) may be utilized. If the interference is EPDCCH, non-full allocation may happen as well, as in the case of PDCCH.
Observation 1: It might not be straight forward the practical applicability of the NAICS interference scenarios.

Proposal 6: Study the PDCCH and EPDCCH load of the interferers.

Proposal 7: The interference structure affecting EPDCCH should be studied.
Synchronous assumption has been mainly considered in the majority of featured involving interference mitigation/cancellation. This may be the main assumption to be considered for control channel IM as main priority.

Proposal 8: Consider synchronous operation as main priority.
Current specifications are considering single-antenna port, 2Tx and 4Tx performance. As the target enhanced receivers are exploiting the spatial properties of the channel, the focus of this work should be on 2Tx and 4Tx. While 2Rx antennas are baseline, there is some work overlap with respect to the 4Rx utilization where PDCCH performance is also considered. 

Proposal 9: Focus on 2Tx and 4Tx deployments with 2Rx at the UE side. Further discuss the utilization of 4Rx antennas.

The number of CCEs used in current specifications are depending on the antenna configuration, larger aggregation level being used for low number of transmit antennas, hence for 1/2/4 Tx the tests are covering 8/4/2 CCEs. The benefit of interference mitigation for control channels results in enhanced link adaptation for the control channel, one of the effects being the possibility that the eNB schedules more aggressive aggregation levels for the UEs equipped with advanced receiver.  Considering same CCEs configurations as in the legacy tests is one option, however we find it beneficial to investigate if the improved performance due to interference mitigation is indeed bringing the control channel LA benefit in terms of lower CCE scheduling. In other words, it would be important to check the performance of, for example 2 and 4 CCEs allocation with/without advanced receiver and in same antenna setup.
Proposal 10: Include performance of 2 and 4 CCEs allocation with/without advanced receiver and in same antenna setup in the work
4
Target channels for the specification and interaction with other technologies 
The WI proposal is targeting the following channels: PCFICH/PDCCH/EPDCCH/PHICH. In the following we are addressing all these channels and their importance.
4.1 PDCCH/PCFICH and PHICH
In the current specification PDCCH and PCFICH are treated together in the sense that the miss detection of the PCFICH implies a miss detection of PDCCH, hence the channels are tested jointly. The Release 13 performance requirements should continue along same lines as in legacy release.
The current PHICH specifications is considering the probability of miss-detecting an ACK for a NACK. Release 13 performance should consider the same antenna configurations as for the case of PDCCH/PCFICH.
4.2 EPDCCH
As in the case of PDCCH, testing jointly the PCFICH with EPDCCH should be considered. Currently, the EPDCCH performance requirements are defined for both distributed and localized transmission. We note that in case of distributed transmission, spatial characteristics are assumed by considering TM3 transmission while for localized transmission TM9/10 was considered.
Proposal 11: the interference mitigation should be considered for PCFICH/PDCCH/EPDCCH/PHICH. 

4.3 Interaction with other technologies
Current specifications are providing performance requirements of control channels when FeICIC and CoMP are configured. Indeed, ABS presence and CRS assistance information is considered in PDCCH/PCFICH tests while EPDCCH performance requirements are done with both TM9 and TM10 with quasi-colocation type B. The need for duplicating the interference mitigation of control channels with these technologies should be further discussed.
Proposal 12: Further discuss if there is a need to duplicate the test cases of interference mitigation of control channels when FeICIC and CoMP are configured. 
The NAICS performance requirements has also been defined by considering 100% PDCCH load and with the assumption of legacy receiver operation for control channel detection. With the introduction of enhanced performance for control channels, it is obvious that the blockage probability of PDSCH decoding in face of control channel miss detection is decreasing. However we do not see necessary any action in terms of NAICS operation from RAN4 performance definition perspective. 
5
Conclusions

In this contribution, we have presented our views with respect to the new WI proposal: Interference mitigation for downlink control channels of LTE [1].  Our observations are summarized as follows.
Observation:

Observation 1: It might not be straight forward the practical applicability of the NAICS interference scenarios.

Based on the discussion in this paper we propose followings:
Proposal 1: Consider CRS IC as mandatory in defining new performance requirements for PDCCH.
Proposal 2: Investigate the performance benefits of both MMSE-IRC and E-MMSE-IRC receivers.

Proposal 3: Consider both colliding and non-colliding CRS.

Proposal 4: Utilize the current available network assistance for the advanced receivers.
Proposal 5: Confirm that it is out of scope of this WI the introduction of new network assistance for advanced receivers considered in this work.

Proposal 6: Study the PDCCH and EPDCCH load of the interferers.

Proposal 7: The interference structure affecting EPDCCH should be studied.

Proposal 8: Consider synchronous operation as main priority.
Proposal 9: Focus on 2Tx and 4Tx deployments with 2Rx at the UE side. Further discuss the utilization of 4Rx antennas.
Proposal 10: Include performance of 2 and 4 CCEs allocation with/without advanced receiver and in same antenna setup in the work

Proposal 11: the interference mitigation should be considered for PCFICH/PDCCH/EPDCCH/PHICH.
Proposal 12: Further discuss if there is a need to duplicate the test cases of interference mitigation of control channels when FeICIC and CoMP are configured.
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