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1 Introduction
In RAN4 # 67 meeting, evaluation results of enhanced MMSE-IRC(E-LMMSE-IRC) receiver based on CRS transmission was provided in [1], and significant throughput gain have been observed. In this contribution, we will firstly give evaluation results of E-LMMSE-IRC based of DMRS transmission, and then discuss its pros and cons. Finally we propose to adopt E-LMMSE-IRC receiver as an important candidate solution to handle inter-cell interference, and inform RAN1 to further research it in NAIC SI stage 3.
2 Evaluation

In this section, we will evaluate both R.11 MMSE-IRC(LMMSE-IRC) and E-LMMSE-IRC for DMRS-based transmission. The simulation assumptions and receiver modelling are listed in Table 1. 
Table 1 the simulation assumptions
	
	Cell 1 (serving cell)
	Cell 2 (intf. Cell)

	CRS configuration
	Cell ID 1
	Cell ID: 7

	DMRS configuration
	Port 7
	Port 7

	Bandwidth
	10MHz, 50RB all used

	Interference level 
	· SIR=0dB

· SIR=-4dB

	Fixed Reference channel
	MCS of serving cell and interference cell

· [16QAM 1/2, 16QAM 1/2]

	Transmission mode
	2X2low, TM9, single layer transmission

	Channel configuration
	· EPA5

· ETU5

	Channel estimation for E-LMMSE-IRC
	· DMRS-IC

Iterative DMRS-IC to promote the channel estimation for both serving and interference channel

	model of LMMSE-IRC
	Frequency granularity of Ruu estimation: 2RB


Figure 1 plots the evaluation results of 2x2low TM9
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a) EPA and SIR=0dB










 b) ETU and SIR = 0dB
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c) ETU and SIR = -4dB
Figure 1 Performance gain of  E-LMMSE-IRC receiver 
It could be observed from the Figure 1:

·  E-LMMSE-IRC receiver could achieve better performance over MMSE/LMMSE-IRC receivers.
· For high frequency selection channels, e.g. ETU,  E-LMMSE-IRC achieves significant better gain over LMMSE-IRC. The performance gap is reduced for less frequency selective channels, e.g. EPA. The reason for this is that the frequency granularity of the correlation matrix calculated by LMMSE-IRC is coarse and couldn’t accurately represent the variation within a RB. So the more the frequency selective of channel, the less accurate of the correlation matrix estimation 
Observation 1: The E-LMMSE-IRC could achieve significant throughput gain over LMMSE-IRC with DMRS based   transmission, especially for highly frequency selective channels
3 Discussion

The link level evaluation results have showed that the E-LMMSE-IRC could achieve significant throughput gain over LMMSE-IRC receiver for both CRS-based [1] and DMRS-based transmissions, given the assistance for UE to perform channel estimation on interference signal. In this section, we will further analysis the feasibility of E-LMMSE-IRC receiver and compared with other candidate advanced receivers, such as ML, SLIC and CWIC.
Table 2 summarizes the required assistant information of different advanced revivers:
Table 2 required assistant information of candidate advanced recovers
	
	E-LMMSE-IRC
	R-ML/SLIC
	L-CWIC/ML-CWIC

	Assistant information
	- Information to perform channel estimation 
- number of layers 
	- Information to perform channel estimation
- number of layers
- Modulation 
	- DMRS configuration

- number of layers
- Modulation

- resource allocation

- rate matching information

- decoding information


There are several disadvantages of E-LMMSE-IRC, e.g. The performance gain of E-LMMSE-IRC is expected to be lower than others receiver, such as ML/SLIC/CWIC. But E-LMMSE-IRC also has several advantages: 

· The E-LMMSE-IRC receiver is rather simply and less complex than others receives, and meanwhile its throughput gain over LMMSE-IRC receiver is significant
· Compared with E-LMMSE-IRC, other receivers require more additional assistant information, which will introduce more implement complexity and reduce the robustness
·  ML and SLIC receiver need the modulation of interference signal. There are two ways to acquire that, blind detection and signalling (DCI or RRC signalling). 

· Blind detection scheme has the incorrect detection issue, especially when the interference signal power is lower than the power of serving signal, so an efficient blink detection algorithm and sufficient link level evaluation are needed; 

· The signalling scheme requires RAN1 designing an efficient signalling to inform UE the modulation, which meanwhile do not introduce much scheduling restriction. 
· CWIC receiver requires much more information for UE to be able to decode the interference signal 

· Since it’s uncertain that the RAN1 could provide efficient signalling or the blind detection could work well under all scenarios, the E-LMMSE-IRC should be treated as an important candidate solution and need further evaluation in NAIC SI stage 3.
· Until now, only MMSE and LMMSE-IRC receivers have been fully studied and introduced in LTE specification, others receivers such as ML/SLIC/CWIC are not specified. So in our opinion, it’s a right way to firstly implement advanced receiver in a simple scenario, e.g. SU-MIMO of inter-layer interference. After full investigation and evaluation then apply them to a more complex scenarios such as inter-cell interference.  
· As E-LMMSE-IRC receive is similar to MMSE receiver which has been fully studied, so there should be no problem for UE implement
· While ML/SLIC/CWIC haven’t been fully investigated and evaluated, so they are not suitable to be implemented for inter-cell interference scenario before single-cell interference scenario
Based on above analysis, we suggest prioritizing E-LMMSE-IRC receiver as an important candidate solution to deal with inter-cell interference and informing RAN1 to further research it in NAICS SI stage 3.
Proposal 1: Prioritize E-LMMSE-IRC receiver as the baseline advanced receiver to handle inter-cell interference and inform RAN1 to further research it in NAICS SI stage 3

4 Conclusion
This contribution provides the analysis and evaluation results of E-LMMSE-IRC receiver, and following observations and proposal are given:

Observation 1: The E-LMMSE-IRC could achieve significant throughput gain over LMMSE-IRC with DMRS based   transmission, especially for highly frequency selective channels
Proposal 1: Prioritize E-LMMSE-IRC receiver as the baseline advanced receiver to handle inter-cell interference and inform RAN1 to further research it in NAICS SI stage 3
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6 Appendix
6.1 Evaluation of E-LMMSE-IRC receiver based on CRS transmission (R4-132656)
In this section, the evaluation results of e-IRC based on CRS transmission are provided, the simulation assumption and modelling are given in Table xx, and results in Figure xx
Table 3 simulation assumptions and modelling
	
	Cell 1 (serving cell)
	Cell 2 (intf. Cell)

	CRS configuration
	Cell ID 1
	· Cell ID: 2

· Cell ID: 7

	Bandwidth
	10MHz, 50RB all used

	Interference level 
	· Fixed Es/Ei=0dB

· Fixed Es/Ei=-4dB

	Fixed Reference channel
	16QAM 1/2

	Transmission mode
	2X2Low, TM2

	Channel configuration
	· EPA5

· ETU5

	FRC
	16QAM 1/2 for medium inter-cell interference

	Channel estimation
	· Normal channel estimation for non-colliding  CRS

· Iterative CRS estimation for colliding CRS

	LMMSE-IRC
	Frequency granularity of Ruu estimation: 2RB


The following sets of assumptions are evaluated separately for different interference level and different propagation channel: 
1. MMSE-N: MMSE, CRS non-colliding

2. MMSE-C: MMSE, CRS-colliding

3. Re.11 IRC–N: MMSE-IRC, CRS-non-colliding

4. R.11 IRC–C: MMSE-IRC, CRS-colliding

5. eIRC-N: Enhanced MMSE-IRC, CRS-non-colliding

6. eIRC-C: Enhanced MMSE -IRC, CRS-colliding

7. no intf: no inter-cell interference
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a) EPA with 0dB interference










 b) ETU with 0dB interference
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c) EPA with -4dB interference










 d) ETU with -4dB interference

Figure 2: Performance gain of 2x2 TM2 with different propagation channel and interference level 






