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1. Introduction

At the RAN #68 meeting, the new work item for the interference mitigation for downlink control channels was approved [1]. The objective for this WI is the following:
The general objectives for this WI are to specify UE demodulation requirements for control channels with practical interference aware receivers that can be used for inter-cell interference cancellation and suppression. The detailed objectives of the work item include:

· The candidate advanced receivers to be considered for demodulation requirements are the existing PDSCH receiver structures defined in Rel-11/Rel-12, with capability of

· Linear suppression of control channel interference of interfering cells such as

· MMSE-IRC

· E-MMSE-IRC


And

· Cancellation of CRS interference of interfering cell

· Identify the scenarios and evaluation assumptions (including the reference receiver(s) for defining performance requirements depending on the gain for each of the control channels listed below) during the works

· Specify requirements on demodulation of PCFICH/PDCCH with above identified advanced receivers 

· Specify requirements on demodulation of EPDCCH with above identified advanced receiver with capability of MMSE-IRC and CRS-IC 

· Specify requirements on demodulation of PHICH with above identified advanced receivers 

· Realistic interference models for the downlink control channels should be considered. 

· CRS assistant information (CRS-AssistanceInfo IE) from Rel-11 can be reused for this WI without additional signalling and network restriction.

The work for E-MMSE-IRC is prioritized over that for MMSE-IRC.
In this contribution, we provide our views on the network deployment scenario, candidate receiver and interference modeling.
2. Discussion
2.1. Network deployment scenario
In the Rel.12 NAICS, the following three network deployment scenarios were assumed for the system and link level evaluation [2].
	NAICS scenario 1
	NAICS scenario 2a
	NAICS scenario 2b
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Figure 1. Rel. 12 NAICS scenarios

We consider that those three scenarios would be a good starting point for this WI. However, in the Rel.12 NAICS WI, only synchronous network was investigated to reuse existing FFT procedure at the UE side. On the other hand, since the network synchronization between eNBs is not mandatory feature for FDD LTE, so it would be depending on the operators’ deployment and we believe that asynchronous scenario is still important for the FDD operators. Actually, the interference modelling and performance requirements were specified considering both synchronous and asynchronous scenario in the Rel.11 MMSE-IRC [3]. Therefore, we proposed that synchronous and asynchronous network should be treated with equal priority in this WI.
Proposal 1: Synchronous and asynchronous network should be treated with equal priority.

2.2. Reference receiver
In the WID of this WI, it was described that MMSE-IRC and E-MMSE-IRC receiver are candidate receiver type for this WI [1]. Also, since cancellation of CRS signal of the interfering cell is within the scope of this WI, so the following 4 receiver types could be considered:

	Receiver type
	Assistance signaling
	Network synchronization

	MMSE-IRC w/o CRS-IC
	Not needed
	Sync. and Async.

	MMSE-IRC w/ CRS-IC
	Needed
	Only Sync.

	E-MMSE-IRC w/o CRS-IC
	
	

	E-MMSE-IRC w/ CRS-IRC
	
	


Therefore, potential reference receiver would be the E-LMMSE-IRC (or MMSE-IRC) with CRS-IC for the synchronous network and the MMSE-IRC without CRS-IC for the asynchronous network.

Proposal 2: Potential reference receiver would be the E-LMMSE-IRC (or MMSE-IRC) with CRS-IC for the synchronous network and the MMSE-IRC without CRS-IC for the asynchronous network.
2.3. Test purpose
In the Rel.12 NAICS, the following two were considered as the test purpose:

1. Verifying performance gain from the enhanced receiver

2. Verifying the no performance loss by the enhanced receiver

In our view, the similar approach should be considered in this WI. Specifically in the synchronous network E-MMSE-IRC with CRS-IC would be a candidate as described in proposal 2, but the performance of this receiver could be degraded in an unfavorable condition, e.g. low INR condition, based on the investigation in the Rel.12 NAICS (e.g. [4]). The performance degradation of control channels has a big system impact, e.g. misdetection of the PDCCH brings to reduce the capacity of the control channel and the misdetection of the PDSCH. Therefore, not only performance gain from enhanced receiver but also no performance loss should be verified to keep the network quality.
Proposal 3: The following aspects should be considered in this work item.

1. Verifying performance gain from the enhanced receiver

2. Verifying the no performance loss by the enhanced receiver

2.4. Interference modeling
For the synchronous scenario, because the received power of the interference PDCCH would be similar to the PDSCH, the number of the dominant interference cells and DIP value for each cells specified in the Rel.12 NAICS could be reused. However, some aspects should be considered for the interference modelling of PDCCH.

· Power boosting

The transmission power of the each control channel could be boosted for each UE. In the Rel.12 NAICS, such power boosting factor is blindly detected by the UE, so similar approach could be considered. However, explicit modelling of such power boosting and a feasibility of the blind detection should be investigated in this WI.

Proposal 4: Explicit modelling of power boosting of the control channels and a feasibility of the blind detection should be investigated.

· Resource allocation

Unlikely the cancellation/suppression of the interference PDSCH, interference PDCCH from the neighborhood cells could not be uniform within a PRB, i.e. there could be a PRB in which the aggressed CCE and not aggressed CCE exist mixedly. Possible solution would be blind detection of the existing the interference PDCCH similar to the Rel.12 NAICS. At least 100% load of the PDCCH would not be desirable to verify this aspect.

Observation 1: Unlikely the PDSCH, interference PDCCHs from the neighborhood cells could not be uniform within the 1 PRB, i.e. there could be a PRB in which the aggressed CCE and not aggressed CCE exist mixedly.

Proposal 5: 100% load of PDCCH should not be considered to verify correct UE implantation.
For the asynchronous scenario, the interference model of the Rel.12 NAICS cannot be reused because only synchronous scenario was considered in such WI. Therefore, the following two options could be considered:

· Option 1: Reuse interference model in Rel.11 MMSE-IRC (only full buffer traffic)

· Option 2: Investigate new DIP value and the number of dominant interference cell assuming FTP traffic

In our opinion, we prefer to take Option2 because full buffer traffic would not be realistic. However, it is unclear whether MMSE-IRC without CRS-IC has an enough gain to specify the requirements, so as a first step, we suggest to evaluate the performance of such receiver when assuming Option 1. If it is observed that the MMSE-IRC without CRS-IC has a reasonable gain, we can proceed to Option 2 as a next step.

Proposal 5: As a first step, the performance of MMSE-IRC without CRS-IC should be evaluated when reusing the interference model of the Rel.11 MMSE-IRC for asynchronous network.

3. Conclusion
In this contribution, we provide our views on the network deployment scenario, candidate receiver and interference modelling, and we observed and proposed the followings:

Observation 1: Unlikely the PDSCH, interference PDCCHs from the neighborhood cells could not be uniform within the 1 PRB, i.e. there could be a PRB in which the aggressed CCE and not aggressed CCE exist mixedly.

Proposal 1: Synchronous and asynchronous network should be treated with equal priority.

Proposal 2: Potential reference receiver would be the E-LMMSE-IRC (or MMSE-IRC) with CRS-IC for the synchronous network and the MMSE-IRC without CRS-IC for the asynchronous network.
Proposal 3: The following aspects should be considered in this work item.

1. Verifying performance gain from the enhanced receiver

2. Verifying the no performance loss by the enhanced receiver

Proposal 4: Explicit modelling of power boosting of the control channels and a feasibility of the blind detection should be investigated.

Proposal 5: As a first step, the performance of MMSE-IRC without CRS-IC should be evaluated when reusing the interference model of the Rel.11 MMSE-IRC for asynchronous network.
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