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1. Introduction

In RAN #73 meeting the “LTE Enhanced CRS and SU-MIMO Interference Mitigation Performance Requirements” WI was approved [1]. The work item has the following objectives on the CRS-IM enhancements:
	· Investigate feasibility and specify requirements for the CRS-IM receivers for the generic scenarios with different number of CRS APs (2, 4) and different number of UE receive antennas for synchronous networks.
· Stage 1: Investigate performance benefits and feasibility of using CRS-IM receivers.
· Stage 2: Specify UE demodulation and CSI reporting performance requirements to verify practical CRS-IM operation for the identified scenarios based on the outcome of Stage 1.


In RAN4 #80bis meeting initial agreements on the Enhanced CRS-IM scenarios and simulation assumptions were made [2-3] and RAN4 agreed to conduct initial analysis of CRS-IM for the PDSCH scenarios described in Table 1.
Table 1. PDSCH evaluation scenarios

	Test
	CRS pattern
	Number of CRS APs
	Number of UE RX chains
	Test purpose

	
	
	Serv. cell
	Interf. cell
	
	

	1
	Non Colliding
	2
	2
	4
	4 RX CRS IM investigation

	2
	Non Colliding
	4
	4
	2
	4 CRS APs IM investigation

	3
	Colliding
	2
	4
	2
	Mix CRS APs CRS-IM investigation

	4
	Colliding
	4
	2
	2
	


In this paper we provide the initial CRS-IM link level simulation results based on agreed simulation assumptions for the PDSCH scenarios. The detailed simulation assumptions are provided in the Annex A.
2. Test #1: 2 CRS APs + Non-Colliding CRS + 4 RX chains

In this section we provide link level simulation results for the scenarios with 2 CRS APs on serving and interference cells and for UEs equipped with 4 receive antennas. In Figure 1 and Figure 2 we illustrate the TM4 and TM9 simulation results, respectively. The following reference receiver are considered for the analysis:
· Receiver #1: LMMSE-IRC (baseline)
· Receiver #2: LMMSE-IRC + 1 Cell CRS-IM
· Receiver #3: LMMSE-IRC + 2 Cells CRS-IM
	Test case #1. 2/2 CRS + 4RX. TM4.

	Rank 1 + 16QAM
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	Figure 1. CRS-IM performance analysis: Test case #1. 2/2 CRS + 4RX. TM4. 


	Test case #1. 2/2 CRS + 4RX. TM9.
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	Figure 2. CRS-IM performance analysis: Test case #1. 2/2 CRS + 4RX. TM9. 


Observations #1 (2 CRS APs + Non-Colliding CRS + 4 RX chains)
· CRS-IM processing provides testable performance improvement (~ 2dB) over Baseline receiver under various conditions

· TM 4 and TM 9

· Serving transmission parameters: 
· MIMO Rank 1 + 16QAM
· MIMO Rank 1 + 64QAM 
· MIMO Rank 2 + 16QAM

· For the evaluated scenarios 2 cells CRS-IM processing does not bring noticeable performance gains on top of the 1 cell CRS-IM.
3. Test #2: 4 CRS APs + Non-Colliding CRS + 2 RX chains

In this section we provide simulations results for the scenarios with 4 CRS APs in the serving and interference cells and for UEs equipped with 2 RX antennas. In Figure 3 we illustrate the link level simulation results for the scenarios with different serving cell transmission parameters (MCS, MIMO rank, TM). The performance is analyzed for the following receiver algorithms:

· Receiver #1: LMMSE-IRC

· Receiver #2-1: LMMSE-IRC + 1 Cell CRS-IM (CRS APS 0-3)

· Receiver #2-2: LMMSE-IRC + 1 Cell CRS-IM (CRS APS 0-1 only) 

· Receiver #2-3: LMMSE-IRC + 1 Cell CRS-IM (reduced complexity 4 APs)

· Receiver #3: LMMSE-IRC + 2 Cells CRS-IM
	Rank 1 + 16QAM
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	Figure 3. CRS-IM performance analysis: Test case #2. 4/4 CRS + 2RX. TM4.


Observations #2 (4 CRS APs + Non-Colliding CRS + 2 RX chains)
· CRS-IM processing allows to achieve testable performance improvement (~3 dB) over Baseline receiver for various serving transmission configurations (i.e. Rank 1 + 16QAM, Rank 1 + 64QAM, Rank 2 + 16QAM) and TMs (TM4, TM9).

· Using CRS-IM processing for 2 out of 4 CRS APs (Receiver #2-2) does not provide noticeable improvement over Baseline LMMSE-IRC receiver.

· Reduced complexity 1 cell CRS-IM processing (Receiver #2-3) has relatively small performance degradation (~0.5 dB) comparing with full complexity 1 cell CRS-IM processing.

· For the evaluated scenarios 2 cells CRS-IM processing does not provide substantial performance improvement over 1 cell CRS-IM.

4. Test #3: 4/2 CRS APs +Colliding CRS + 2RX chains
In this section we provide link level analysis results for scenarios with 4 CRS APs in the serving cell, 2 CRS APs in the interference cell and UEs equipped with 2 RX antennas. In this analysis we consider the following reference receiver algorithms:

· Receiver #1: LMMSE-IRC with covariance matrix estimation on APs 0-3
· Receiver #2: LMMSE-IRC with covariance matrix estimation on APs 2-3

· Receiver #3: LMMSE-IRC with covariance matrix estimation on APs 2-3 + 1 cell CRS-IM
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	Figure 4. CRS-IM performance analysis. TM4. 4/2 CRS + 2RX. Rank 1 + 16QAM


Observations #3 (4/2 CRS APs + Colliding CRS + 2 RX chains)
· Using interference matrix estimation on 2 APs provides performance improvement over the case of using all 4 CRS APs for estimation of interference covariance matrix. The actual performance gains depend on the interference loading level:

· For scenarios with 20% interference loading enhanced the performance gains are ~1dB and are difficult to be tested.
· For scenarios with 0% loading Receivers #2 and #3 provide testable performance improvement (> 2dB) comparing to the regular LMMSE-IRC receiver.
· The largest performance gains are observed for scenarios with Rank2 and 16QAM serving transmission.
5. Test #4: 2/4 CRS APs + Colliding CRS + 2RX chains
In this section we show the link level simulation results for the scenario with 2 CRS APs in the serving cell, 4 CRS APs in the interference cell and for UEs equipped with 2 RX antennas. The results are provided for the following receivers:

· Receiver #1: LMMSE-IRC

· Receiver #2: LMMSE-IRC + 1 Cell CRS-IM (4 APs IC)

· Receiver #3: LMMSE-IRC + 1 Cell CRS-IM (2 APs IC)

· Receiver #4: LMMSE-IRC + 2 Cells CRS-IM (4 APs IC)
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	Figure 5. CRS-IM performance analysis. TM4. 2/4 CRS + 2RX. Rank 1 + 16QAM


Observations #4 (2/4 CRS APs + Colliding CRS + 2 RX chains)
· For scenarios with 2/4 CRS APs, 2 RX chains and Colliding CRS pattern enhanced CRS-IM processing does not provide noticeable improvement over Baseline LMMSE-IRC receiver.
6. Conclusions

In this contribution, we have provided initial Enhanced CRS-IM PDSCH simulation results. The results confirm the performance benefits of the target CRS-IM enhancements.
Observations #1 (2 CRS APs + Non-Colliding CRS + 4 RX chains)
· CRS-IM processing provides testable performance improvement (~ 2dB) over Baseline receiver under various conditions

· TM 4 and TM 9

· Serving transmission parameters: 
· MIMO Rank 1 + 16QAM
· MIMO Rank 1 + 64QAM 
· MIMO Rank 2 + 16QAM

· For the evaluated scenarios 2 cells CRS-IM processing does not bring noticeable performance gains on top of the 1 cell CRS-IM.

Observations #2 (4 CRS APs + Non-Colliding CRS + 2 RX chains)
· CRS-IM processing allows to achieve testable performance improvement (~3 dB) over Baseline receiver for various serving transmission configurations (i.e. Rank 1 + 16QAM, Rank 1 + 64QAM, Rank 2 + 16QAM) and TMs (TM4, TM9).

· Using CRS-IM processing for 2 out of 4 CRS APs (Receiver #2-2) does not provide noticeable improvement over Baseline LMMSE-IRC receiver.

· Reduced complexity 1 cell CRS-IM processing (Receiver #2-3) has relatively small performance degradation (~0.5 dB) comparing with full complexity 1 cell CRS-IM processing.

· For the evaluated scenarios 2 cells CRS-IM processing does not provide substantial performance improvement over 1 cell CRS-IM.

Observations #3 (4/2 CRS APs + Colliding CRS + 2 RX chains)
· Using interference matrix estimation on 2 APs provides performance improvement over the case of using all 4 CRS APs for estimation of interference covariance matrix. The actual performance gains depend on the interference loading level:

· For scenarios with 20% interference loading enhanced the performance gains are ~1dB and are difficult to be tested.
· For scenarios with 0% loading Receivers #2 and #3 provide testable performance improvement (> 2dB) comparing to the regular LMMSE-IRC receiver.

· The largest performance gains are observed for scenarios with Rank2 and 16QAM serving transmission.
Observations #4 (2/4 CRS APs + Colliding CRS + 2 RX chains)
· For scenarios with 2/4 CRS APs, 2 RX chains and Colliding CRS pattern enhanced CRS-IM processing does not provide noticeable improvement over Baseline LMMSE-IRC receiver for the evaluated scenarios.
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Annex A - Simulation assumptions

The general simulation assumptions are provided in Table 2.
Table 2. Common simulation assumptions

	Parameter
	Value

	Duplexing
	FDD

	System bandwidth
	10MHz

	Channel model
	EVA-5Hz for all links

	Tx EVM
	6%

	Antenna models
	Baseline

    2x4 low correlation for 2 CRS APs + 4RX UE scenarios

    4x2 low correlation for 4 CRS APs + 2RX UE scenarios


Table 3 includes a list of the test cases to be used for the initial investigations of the CRS-IM enhancements for PDSCH. The PDSCH simulation assumptions are provided in Table 4. 
Table 3. Proposed PDSCH test cases (initial set)
	Test
	Physical channel
	CRS pattern
	Number of UE RX chains
	Number of CRS APs
	Test purpose

	
	
	
	
	Serv. cell
	Interf. cell
	

	1
	PDSCH
	Non Colliding
	2
	4
	4
	4 CRS APs IM investigation

	2
	
	Non Colliding
	4
	2
	2
	4 RX CRS IM investigation

	3
	
	Colliding
	2
	2
	4
	Mix CRS APs CRS-IM investigation

	4
	
	Colliding
	2
	4
	2
	


Table 4. PDSCH simulation assumptions

	Parameter
	Value

	Cell ID pattern
	Non-colliding CRS: Option 2 (0/1/128)
Colliding CRS: 0/6/1

	Interference power profile
	INR1 = [10.45]dB

INR2 = [4.6] dB

	Time offset between cells
	Cell 1: [3]µs

Cell 2: [-1] µs

	Frequency offset between cells 
	Cell 1: [300] Hz

Cell 2: [-100] Hz

	Number of control OFDM symbols
	2

	HARQ modelling
	Maximum 4 HARQ retransmissions

	Transmission modes
	TM4 and TM9

	Transmission parameters
	PDSCH is scheduled in SFs 1-4, 6-9 (i.e. except 0/5)

50 PRB resource allocation

TM4: Random wideband PMI with per TTI granularity
TM9: Random PMI with 1 PRG / 1 TTI granularity

Rank + MCS: 
Rank 1 16QAM ½ 
Rank 2 16QAM ½ 
Rank 1 64QAM ½ 

	Interference signal transmission parameters
	Rel-13 CRS-IM interference model (B.5.4)

Interference loading: 
Sections 2,3,5 - 20%

Sections 4 – 0 and 20%

80%/20% rank 1/2 probability

	Receivers
	Baseline: LMMSE-IRC

Enhanced reference receiver structures: LMMSE-IRC + CRS-IM

    Enhanced reference receiver for 4 CRS APs

Receiver #1: Full complexity four ports CRS-IM processing 

Receiver #2: Reduced complexity CRS-IM processing (Full complexity two    ports + low complexity two ports (e.g. whitening))
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