3GPP TSG-RAN WG4 Meeting #77
R4-157678
Anaheim, CA, US, 16 – 20 Nov, 2015
Source: 
Huawei, HiSilicon
Title: 
Discussion and evaluation on the MMSE-IRC receiver for PDCCH demodulation

Agenda Item:
7.4.2
Document for:
Discussion
1 Introduction

In the RAN4 76bis meeting, there were many discussions on the reference receiver of PDCCH IRC, but no consensus was achieved. In this contribution, we would like to provide our views of PDCCH MMSE-IRC receiver.
2 Clarification on the objectives of downlink CCH-IM WI

In this section, we would like to review the WID, and make some clarification on the Objectives in this work item.

It’s said in WID RP-151107 that:

· 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 

……
· The work for E-MMSE-IRC is prioritized over that for MMSE-IRC.

It could be clearly obtained from the WID that:

· The candidate advanced receivers for PCFICH/PDCCH should have the capability of linear suppression (MMSE-IRC or E-MMSE-IRC) and CRS-IC.

· The works for E-MMSE-IRC (+CRS-IC) is prioritized over that for MMSE-IRC (+CRS-IC). 
· MSE-IRC without CRS-IC is totally out-of-scope.
Observation 1: MMSE-IRC without CRS-IC for PCFICH/PDCCH reception is not out-of-scope based on the description on Objective in RP-151107.
Of course, without respecting the agreement in RAN plenary, it might be possible for us to discuss the out-of-scope issues if RAN4 thinks it’s necessary and essential, while at least this extra discussion and study should not have any delay on the progress of this work item.

3 Discussion
3.1 Technical concerns of PDCCH MMSE-IRC receiver 

As we know, MMSE-IRC receive is already widely used for PDSCH reception, and the performance gain is already justified compared with legacy MMSE receiver. So, in Rel-11, RAN4 introduce test requirement for MMSE-IRC receiver based on feasibility and performance study.

While, the MMSE-IRC for PDCCH hasn't been discussed before, and because of different signal structures for PDCCH and PDSCH, the implementation and performance gain of MMSE-IRC might be different on PDCCH and PDSCH. It should be mentioned that the implementation of PDCCH MMSE-IRC would be more challenging, due to the following reasons:

· Less RS tone could be used for interference covariance matrix calculation

· Taking 2 CRS port for example, only the CRS tones in symbol 0 could observe the neighbour cell PDCCH interference and other CRS tones in symbol 4,7,11 only observe PDSCH interference. So, the interference covariance matrixes achieved from symbol 0 and symbol4/7/11 are mismatching. So, accordingly, only the CRS tone in symbol 0 could be used to calculate the interference covariance matrix, which means only 4 samples can be used per PRB. So, with less interference samples, the accuracy of interfere covariance matrix is questionable.

· The frequency granularity for interference covariance matrix calculation is limited. 

· One possible solution to overcome the less RS tone issues is increasing the frequency granularity; unfortunately, we can’t use a large number of PRB for interference averaging, because of frequency-selective channel of neighbour cell. 

· So, it’s not clear whether we could get a good trade off on the frequency granularity.
· Partial PDCCH loading would deteriorate the accuracy of interference covariance matrix
· Taking CRS-non-colliding for example, as there exist the partial PDCCH loading of neighbour cell, the interference observed in symbol 0 CRS tones may be present or absent depending on neighbour PDCCH scheduling. As the interference covariance matrix for IRC receiver will be achieved by averaging in CRS tone, So, there existed the mismatching between the achieved 
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· PDCCH power boosting would further deteriorate the accuracy of interference covariance matrix

· As the different power boosting would exist for different CCE, so the interference observed in symbol 0 CRS tones may be present with different power boosting values, which will further enlarge the mismatching between the achieved 
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· MMSE-IRC receiver can only suppress the symbol 0 PDCCH interference

· Given that the MMSE-IRC receiver couldn't be aware the CCH region of neighbour cell, so it couldn’t have any assumptions on the interference type on symbol 1 and 2, PDSCH or PDCCH. For the purpose of not applying the interference covariance matrix achieved in symbol 0 to suppress the PDSCH interference in symbol 1/2, the UE can only perform MMSE-IRC on symbol 0 with 
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 achieved in symbol 0.
· Further more, it’s still unclear how to obtain the 
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in symbol 1 and 2 if the PDSCH is present there, so, currently we don't have feasible solution how to perform MMSE-IRC in symbol 1 and 2, so maybe the UE has to perform legacy receiver, such as MRC, in symbol 1 and 2, even serving cell CFI=2/3

· The conclusion is that currently, the MMSE-IRC is only feasible to be performed in symbol 0, even the serving cell CFI equal to 2 or 3.

· CRS-colliding issues

· Obviously, in CRS-colliding scenarios, the interference variance matrix observed as CRS tone would be mismatching, as the interference CRS is always present, but the PDCCH interference is occasional.
Based on the above analysis, it would be very challenging for MMSE-IRC receiver to achieve a significant and robustness performance than legacy receiver.

Observation 2: It’s questionable for PDCCH MMSE-IRC receiver to achieve significant and robustness performance than legacy receiver.
3.2 Next  plan for PDCCH MMSE-IRC receiver 

Based on the analysis in section 2.1, we would like to propose the correct way to process the PDCCH MMSE-IRC receiver study.
· Firstly, discuss and reach agreements on the reference receiver for PDCCH MMSE-IRC, for example, on how to achieve interference covariance matrix

· How to achieve the interference covariance matrix? What’s the time and frequency granularity?

· How to handle partial loading and power boosting?

· How to perform reception in symbol 1 and 2 if CFI=2/3?

· Simultaneously, discuss and reach agreements on the evaluation assumption and interference modelling for feasibility evaluation and study, such as

· Propagation channel, time-frequency offset, PCFICH/PDCCH/PHICH/PDSCH interference modelling
· It’s should mentioned that we could easily select the PDCCH MMSE-IRC favourable scenarios, such as aligned CFI, 100% RU with 0B power boosting, TM2 PDSCH transmission and so on. But this certain evaluation couldn’t provide sufficient evidence to justify the feasibility, so we should have a full coverage on different evaluation assumptions.

· Secondly, perform the evaluation based on the reference and interference assumption, and get the observation on the performance gain of PDCCH-IRC receiver for different interference modelling.

· Thirdly, based on the observation and conclusion of evaluation, determine whether it’s feasible to have PDCCH MMSE-IRC receiver, and then decided whether to specify the PDCCH MMSE-IRC requirements.
In summary, it could be observed that: 
Observation 3: Technically, RAN4 should follow the proposed working plan for PDCCH-IRC receiver, if some requirements should be specified.
4 Evaluation

In this section, we would like to provide evaluation to show the performance of PDCCH MMSE-IRC. As RAN4 hadn’t reached agreements on test assumptions, the following simulation are conducted with general assumptions. The simulation assumptions are provided in Table 1 and results shown in Figure 1:

Table 1 Simulation assumptions for MMSE-IRC receiver
	Parameters
	Values

	Bandwidth 
	10MHz

	CFI
	2 for both serving and interference

	CRS configuration
	CRS colliding

	Propagation channel
	ETU70

	CCE level 
	4

	Antenna configuration
	2x2 low

	DCI payload
	31+16=47Bit

	PDCCH power boosting for serving cell
	0dB

	CCE level for serving cell
	4

	Time and frequency offset
	0us, 0Hz

	Interference modelling
	Explicitly model 2 interference cell with PCFICH, PDCCH interference, PHICH absent.

(INR_1, INR_2)=(3dB, 0dB)
Power boosting and RU: 0dB with 100% RU; 

	Receiver type
	MRC

MMSE-IRC: Ruu calculation based on 2 PRB, symbol 0
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Figure 1 Demodulation performance of PDCCH receivers 
Based on the above results, it could be observed that:

· With given interference condition, the performance gain of MMSE-IRC compared with MRC is about 0.6dB.

· Without interference, there exists performance degradation for MMSE-IRC receiver compared with MRC, about 1.5dB.
Of course, the present results are initial results, not covering all the challenging cases in section 2.1, still we are got some preliminary observation that:

Observation 4: The PDCCH MMSE-IRC receiver could provide marginal performance gain, and meanwhile show some robustness issues.
5 Conclusion
In this contribution, we firstly revisit the objectives in WID, and then discuss the reference receiver for PDCCH MMSE-IRC, finally, link level simulations are provided to verify the performance. Based on above analysis and evaluation, it could be observed that:
Observation 1: MMSE-IRC without CRS-IC for PCFICH/PDCCH reception is not out-of-scope based on the description on Objective in RP-151107.

Observation 2: It’s questionable for PDCCH MMSE-IRC receiver to achieve significant and robustness performance than legacy receiver.

Observation 3: Technically, RAN4 should follow the proposed working plan for PDCCH-IRC receiver, if some requirements should be specified.
Observation 4: The PDCCH MMSE-IRC receiver could provide marginal performance gain, and meanwhile show some robustness issues.
Base on observation, we propose that:

Proposal 1: Don’t discuss the receiver of MMSE-IRC without CRS-IC in this WI.
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