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1 Introduction

In the previous RAN4 meeting, there were some discussion on the MMSE-IRC only receiver for PCFICH/PDCCH/PHICH, but those items were actually out of WID scope, and no technical agreements were achieved. In the last RAN meeting, based on the suggestion from operators, it was agreed to further study the feasibility of IM receiver structure for PDCCH/PCFICH/PHICH in asynchronous network, but this was treated as low priority: 

· Evaluate reference IM receiver structure for PDCCH/PCFICH/PHICH in asynchronous network

· The async network related requirements/test cases may or may not be introduced in this WI. This shall be decided based on the conclusion of the evaluation by RAN4#79. The WI should be completed within Rel-13.

So, in this contribution, we will discuss how to evaluate the feasibility of IM receiver structure for PDCCH/PCFICH/PHICH in asynchronous network.
2 Discussion
2.1 General discussion
Before evaluating the receiver structure, it’s very essential for RAN4 firstly discuss the principle how to performance the evaluation. In general, some steps should be followed:

· Identify the reference receiver structure
· As least from complexity point of view, identify a feasible reference receiver, for the purpose of aligning the evaluation and defining the test requirements (if needed).

· Taking Rel.11 Type-A receiver for example, the MMSE-IRC receiver with 1 PRB granularity for Ruu matrix is identified as the reference receiver.
· Identify the scenarios

· The identified scenario is the target scenarios in which there are some problems and the IM receiver is expected to solve these problems. 
· Taking Rel.13 CCH-IM WI for example, the NAICS scenario is the identified scenario in which the DL control performance is the bottleneck for data transmission. 
· Evaluate the performance and robustness to verify the feasibility of the identified receiver in identified scenario
Proposal 1: The steps should be followed to evaluate the reference IM receiver structure for PDCCH/PCFICH/PHICH in asynchronous network.
· Identify the reference receiver

· Identify the scenarios

· Evaluate the performance and robustness to verify the feasibility of the identified receiver in identified scenario

2.2 Reference receiver structure
In the previous RAN4 meeting, there wasn’t any discussion on the reference receiver structure; for the purpose of driving the evaluation, some consensus on the reference receiver should be reached.

 Based on the WID, the following receivers might be feasible for IM receiver in asynchronous network:
· MMSE-IRC receiver

· The key point is how to derive the Ruu matrix, for example, based how many CRS symbol in frequency and time domain to achieve Ruu matrix.

· For the purpose of simulation alignment, the reference receiver should be agreed in RAN4 before evaluation, for example, Ruu matrix is calculated within 2 PRB and #0. Because of the interference misalignment between PDSCH and PDCCH, only the CRS in #0 could get the accurate Ruu estimation.
· CRS-IC

· There are two kinds CRS-IC implementation to cancel neighbour cell CRS interference, which are:

· Time-domain CRS-IC. The CRS interference is cancelled in time domain signal. This implementation would need multiple FFT/IFFT conversion, but could handle the asynchronous CRS interference.

· Frequency-domain CRS-IC. The CRS interference is cancelled in frequency domain signal. 

· RAN4 should discuss the feasibility of time-domain CRS-IC if needed.
· E-LMMSE-IRC

· As usually, the E-LMMSE-IRC receiver is performed in frequency domain to jointly handle the serving and interference signalling, with avaiable serving channel and interference channel estimation. So, it seems infeasible to perform E-LMMSE-IRC in asynchronous network.
For the purpose of aligning the evaluation results, RAN4 should agree to the reference receiver and achieve consensus on the baseline assumptions.
Proposal 2: The identified reference receivers for DL IM in asynchronous network could be:

· MMSE-IRC receiver

· Time-domain CRS-IC

Also, RAN4 should make some consensus on the detailed assumptions to get simulation alignment. 
Proposal 3: reference receiver of MSE-IRC receiver is:

· Ruu matrix is calculated within 2 PRB and #0

2.3 Scenarios
First of all, with respect to the asynchronous network, NAICS scenarios is not the target scenario anymore, as NAICS receiver is not feasible any more, so the problem of CCH bottleneck in NAICS scenarios doesn't exist.

Proposal 4: NAICS scenario is not the target scenarios for CCH IM receiver in asynchronous network. 

Without NAICS, another scenarios is the normal network, in which the high interference condition seldom happen, so the potential problems addressed by CCH IM receiver might be enhancing the PDCCH performance and increase the network PDCCH capacity.
Considering that, the system evaluation is firstly preference and essential to find the performance gain and link level evaluation could be used to confirm the performance gain with certain interference condition. 

Proposal 5: Both system and link level evaluation are needed for the target scenarios. 

With respect to the link level simulation assumptions, the following cases should be evaluated:

· Different time-offset between asynchronous cells

· It’s very important to evaluate the different time-offset between asynchronous cells to make sure the CCH IM receiver would be robustness enough.

· The following  two scenarios should be evaluated:

· Case 1: serving cell is about 1 or 2 symbol  ahead the interference cell
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· Case 2: coarse synchronous between serving and interference, such as serving cell is about 2 CP ahead the interference cell 
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· The PDSCH transmission

· The following configuration should be used for interference PDSCH assumptions:

· Case 1: TM4 rank-1, different/random PMI used for adjacent subframes.
Proposal 6: The link level assumptions should include the following scenarios

· Different time-offset between asynchronous cells

· Case 1: serving cell is about 1 or 2 symbol  ahead the interference cell

· Case 2: coarse synchronous between serving and interference, such as serving cell is about 2 CP ahead the interference cell 

· The PDSCH transmission

· TM4 rank-1, different/random PMI used for adjacent subframes.

2.4 Evaluation
It’s the traditional way for RAN4 to firstly perform the evaluation to evaluate the feasibility and then based on evaluation results to determine the next step.
3 Simulation assumptions
In this section, we provide the simulation assumptions for reference.
Table 1 Link level simulation assumptions for PDCCH MMSE-IRC receiver

	Parameters
	Values

	System bandwidth
	10MHz for both serving cell and interfering cells

	Duplexing mode
	FDD

	Cyclic prefix
	Normal

	Number of interference cells
	2 interfering cells

	Interference power profile
	Medium INR (I1/Noc = 7.77 dB, I2/Noc = 2.29 dB)
Low INR 

	CRS ports
	Port 0 and 1

	Antenna configuration
	2x2 with Low correlation

	Propagation channel
	2x2, EVA70

	CFI
	CFIS = 1, CFII = 1

	PDSCH interference modelling
	Time offset:
1 or 2 symbol and 2 CP timing offset

PDSCH interference:

TM4 rank 1, random PMI among subframes.

	Serving cell PDCCH 
	AL 2, 4; DCI Format 2 (43 bits – FDD, 10MHz) 


4 Conclusion
In this contribution, we discuss the reference receiver in asynchronous network, in which we propose that:

Proposal 1: The steps should be followed to evaluate the reference IM receiver structure for PDCCH/PCFICH/PHICH in asynchronous network.

· Identify the reference receiver

· Identify the scenarios

· Evaluate the performance and robustness to verify the feasibility of the identified receiver in identified scenario

Proposal 2: The identified reference receivers for DL IM in asynchronous network could be:

· MMSE-IRC receiver

· Time-domain CRS-IC

Proposal 3: reference receiver of MSE-IRC receiver is:

· Ruu matrix is calculated within 2 PRB and #0

Proposal 4: NAICS scenario is not the target scenarios for CCH IM receiver in asynchronous network. 

Proposal 5: Both system and link level evaluation are needed for the target scenarios. 

Proposal 6: The link level assumptions should include the following scenarios

· Different time-offset between asynchronous cells

· Case 1: serving cell is about 1or2 symbol ahead the interference cell

· Case 2: coarse synchronous between serving and interference, such as serving cell is about 2 CP ahead the interference cell 

· The PDSCH transmission

· TM4 rank-1, different/random PMI used for adjacent subframes.
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