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1 Introduction

In RAN #68 meeting, there approved a WI [1], which would study the interference mitigation for downlink control of LTE, the detailed objectives of this work item includes:
· 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.

In this contribution, we will discuss the test applicability and UE behaviours for PDCCH-IM receiver. 
2 Discussion
In this contribution, we would like to raise and discuss test applicability and UE behaviours related issues, including:

· The UE capacity and signalling issues
· The UE behaviour on when to apply PDCCH-IM receiver

· The feasibility of robustness tests and UE fallback behaviour

· Others

The UE capacity and signalling 
Similar with R.13 CRS-IM WI, as the CRS-assistance-info would be needed to perform CRS-IC and E-MMSE-IRC receiver, so with respect to eNB implementation on whether and how to send this signalling to UE, the CCH-IM UE might need to report the CCH-IM capability to UE to require the assistance signalling.
The UE behaviour on when to apply CCH-IM receiver and fallback implementation
Firstly let’s review the issues for 4RX PDCCH test requirements, as it depends on UE’s implementation how and when to fallback to 2RX receiver, for the purpose of not triggering UE fallback during tests, we have to use some special test procedure, such as simultaneously  transmitting 4 layer PDSCH with PDCCH.

Similar issue also exists for CCH-IM receiver, taking E-MMSE-IRC + CRS-IC for example, as it would depends on UE implementation when to trigger CCH-IM receiver. So, we should firstly get the consensus and alignment on the UE behaviour on fallback behaviour, and then define the test setup to verify the performance without involving UE fallback. 

The feasibility of robustness tests 

As discussion in [3], there might be some certain cases with unfavourable interference condition, such as certain power bursting, CRS configuration. With these unfavourable conditions, the UE might get performance degradation with CCH-IM receiver compared with legacy MRC receiver. But it’s still unclear whether UE is able to distinguish all the unfavourable interference condition, and correctly fallback to legacy MRC receiver.

For example, usually we use some kinds of randomly interference modelling, such as R.12 NAICS, and we might also use such kinds of dynamic changing modelling for PDCCH interference, such as randomly changing the partial loading, power bursting , PDSCH interference in symbol 1 and 2, and UE might still achieve significant gain with such random interference condition, but it couldn't  imply the UE could distinguish the unfavourable condition among all the randomly changing interference condition, and could be able always keep no performance loss compared with legacy receiver within certain unfavourable condition.
So, we would like to suggest RAN4 carefully study the performance of CCH-IM with both randomly interference modelling and certain interference modelling, and study the feasibility of UE to handle correct fallback behaviour. After achieving alignments on the UE fallback behaviour, we could discuss the feasibility of robustness tests.

Others

Finally, there are still other issues for CCH-IM receiver, such as
· What’s the UE behaviour with 2TX and 4TX antenna?

· What’s the UE behaviour with 2RX and 4RX antenna?

· If multiple-carrier is configured, which carrier should UE perform CCH-IM receiver , there are several options

· Option 1: Always perform CCH-IM receiver in Pcell, and leave it for UE implementation on Scell

· Option 2: leave it for UE implementation to which CC
Summary
In summary, based on above analysis, we would like to suggest further study in RAN4 to have clear views on the test applicability and UE behaviour, so we propose that:

Proposal 1: It’s suggested for RAN4 to study the following issues before introducing test requirements.

· Whether the UE capability signaling is needed for PDCCH-IM receiver

· What’s the condition the UE would fallback to legacy MRC receiver

· The feasibility of robustness test

· What the expected UE behavior for 2 TX/4TX and 2RX/4RX?
· What’s the expected UE behavior of PDCCH-IC receiver for multiple-carrier?
3 Conclusion
In this contribution, we raise several open issues for PDCCH-IM receiver, and provide a preliminary discussion on them. Based on our analysis, we propose that:

Proposal 1: It’s suggested for RAN4 to study the following issues before introducing test requirements.

· Whether the UE capability signaling is needed for PDCCH-IM receiver

· What’s the condition the UE would fallback to legacy MRC receiver

· The feasibility of robustness test

· What the expected UE behavior for 2 TX/4TX and 2RX/4RX?

· What’s the expected UE behavior of PDCCH-IC receiver for multiple-carrier?
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