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1 Introduction

In RAN4 76bis meeting, there were many discussions on the EIRC receiver for PDCCH reception, while there still had some open issues on the reference receiver of PDCCH EIRC. In this contribution, we would like to provide analysis and initial evaluation to discuss the reference receiver.
2 Discussion
As indicated in approved WF [1], Companies are encouraged to bring further inputs on the EIRC receiver assumptions on:

· Clarifications on the E-LMMSE-IRC receiver structures in terms of the type of the reconstructed covariance matrix and number of co-processed REs 

· Assumptions on interferer PDCCH region duration 
· Assumptions on interferer PDCCH/PHICH/PCFICH power boosting and loading 
· Assumptions on UE blind detection of power boosting, loading, CFI etc. of interferer.
We would like to discuss these four issues as following:

· Regarding the type of the reconstructed covariance matrix and number of co-processed REs, we would like to keep it open for UE implementation depending on chipset vendors. While respect to minimum requirements, it’s suggested to perform the EIRC reception with 2 co-processed RE for colliding and 3 co-processed RE for non-colliding symbol 0.
· Regarding the PDCCH region duration, as the CFI is dynamically changing during subframes, so it's not reasonable to assume a fixed PDCCH region or aligned PDCCH region for EIRC reception. Considering the feasibility of PCFICH reception, it could be assumed that the UE could dynamicly obtain the PDCCH region duration by PCFICH
· Regarding the CCH power boosting and loading, based on the eNB implementation, it's reasonable for UE to assume the CCE-level power boosting and partial loading, the continuous values of power boosting values such as [-3dB 6dB]. Of course, it’s important to receive more inputs considering the eNB implementation from operator and eNB vendors. 
· Regarding the UE blind detection, obviously, the information of power boosting, loading and CFI are useful for EIRC receiver to achieve better performance. And from the feasibility point of view, it's possible to assume that the UE is able to perform blind detection on power boosting, loading and CFI. 
In summary, it’s proposed that:
Proposal 1: It’s suggested for RAN4 to adopt the following assumptions for PDCCH EIRC receiver:
· 2 co-processed RE for colliding symbol 0 and other symbols; 3 co-processed RE for non-colliding symbol 0

· The PDCCH region duration is assumed to be dynamically obtained from neighbour cell PCFICH detection

· CCE-level power boosting and partial loading with continuous values of power values 

· Blind detections are assumed for power boosting, loading and CFI 

3 Evaluation

In this section, as RAN4 didn’t have agreements on test assumptions, we would like to provide some initial evaluations to show the performance of PDCCH EIRC receiver. The simulation assumptions are provided in Table 1 and results shown in Figure 1:

Table 1 Simulation assumptions for PDCCH MMSE-IRC receiver
	Parameters
	Values

	Bandwidth 
	10MHz

	CFI
	2 for both serving and interference

	CRS configuration
	CRS colliding

	Propagation channel
	EVA5

	CCE level 
	4

	Antenna configuration
	2x2 low

	DCI payload
	43+16=59Bit

	PDCCH power boosting for serving cell
	0dB

	CCE level for serving cell
	4

	Interference modelling
	Explicitly model 1 interference cell with PCFICH, PDCCH interference, PHICH absent.

INR = 10dB/0dB

Power boosting and RU: 0dB with 100% RU; 6dB with 50% RU

	Receiver type
	idea MMSE: ideally know the PA values for each CCE

simple MMSE: always assume PA=0dB and 100% RU
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Figure 1 Demodulation performance of PDCCH receivers 
Based on the above results, it could be observed that:

· The EIRC receiver could provide significant gain than legacy MRC receive with different INR level and different power boosting.

· There are obvious performance gaps between ideal MMSE and simple MMSE, which means that  there are sufficient  gain to perform blind detection on power boosting and partial loading.

Observation 1: EIRC receive could provide significant performance gain than MRC receiver, and There are sufficient gains for UE to perform blind detection on power boosting and partial loading.
4 Conclusion
In this contribution, we discuss the reference receiver for PDCCH EIRC receiver, and based on our analysis, we propose that:

Proposal 1: It’s suggested for RAN4 to adopt the following assumptions for PDCCH EIRC receiver:
· 2 co-processed RE for colliding symbol 0 and other symbols; 3 co-processed RE for non-colliding symbol 0

· The PDCCH region duration is assumed to be dynamically obtained from neighbour cell PCFICH detection

· CCE-level power boosting and partial loading with continuous values of power values 

· Blind detections are assumed for power boosting, loading and CFI 

Based on our initial evaluation results, it could be observed that:

Observation 1: EIRC receive could provide significant performance gain than MRC receiver, and There are sufficient gains for UE to perform blind detection on power boosting and partial loading.
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