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1. Introduction

In RAN #76 meeting a new RAN4 WI “LTE CRS-IM Performance Requirements for Single RX Chain UEs” (1RX CRS-IM WI) was approved [1]. The WI has the following objectives:
	· Phase I:

· Investigate the general impact of CRS-IM on power consumption, complexity and throughput gain for the UEs equipped with 1Rx chain 

· Investigate the feasibility of CRS-IM receivers for the UEs equipped with 1 RX chain

· Identify target scenarios including deployment scenarios, interference models, and others. 
· Reuse Rel-13/14 CRS-IM assumptions as the starting point.

· Identify reference CRS-IM receiver structure assumptions including at least number of cancelled interference cell(s)

· Evaluate the CRS-IM performance benefits for the Single RX chain UEs

· Phase II:

· After completion of Phase I, specify UE demodulation and CSI reporting performance requirements for the UEs equipped with 1 RX chain 


In this contribution we provide initial simulation results for the Single RX chain CRS-IM performance for PDSCH and PDCCH. The results are provided in application to Cat1bis but same observations can be extended for other UE categories like Cat M2.
2. PDSCH simulation results
In this section we provide our link level result for CRS-IM PDSCH performance analysis (Figure 1 - Error! Reference source not found.). The following simulation assumptions are considered:
· PDSCH scenarios
· Test 1: TM4 + 2 CRS APs

· Test 2: TM4 + 4 CRS APs

· Interference profile and loading:

· Scenario 1: Loading 0%, INR1 = 15.81 dB, INR2 = 10.5 dB (Set 10 in [2])
· Scenario 2: Loading 10%, Set 10, INR1 = 11.75 dB, INR2 = 5.69 dB (Set 10 in [2]) 

· Scenario 3: Loading 20%, Set 10, INR1 = 10.45 dB, INR2 = 4.6 dB (Set 10 in [2])
· Scenario 4: Loading 20%, Set 15, INR1 = 13.36 dB, INR2 = 9.21 dB (Set 5 in [2])
· FRCs
· FRC #1: QPSK CR 1/3
· FRC #2: 16QAM CR 1/2

· FRC #3: 64QAM CR 1/2
The detailed simulation assumptions are provided in Annex. The simulation results are illustrated in figures 1-4 and the simulation results summary is provided in Table 1.

	Test #1 (TM4, 2 CRS APs) / FRC #1 (QPSK)
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	Test #2 (TM4, 4 CRS APs) / FRC #1 (QPSK)
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	Test #1 (TM4, 2 CRS APs) / FRC #2 (16QAM)
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	Test #2 (TM4, 4 CRS APs) / FRC #2 (16QAM)
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	Test #1 (TM4, 2 CRS APs) / FRC #1 (64QAM)
[image: image5.emf]-12 -10 -8 -6 -4 -2 0 2 4 6

SINR, dB

0

0.5

1

1.5

2

2.5

T

h

r

o

u

g

h

p

u

t

,

 

M

b

p

s

PDSCH, TM4, EVA-5Hz, Non-Colliding, 1Rx, 2Tx, 64QAM

LMMSE-MRC

CRS-IM


	Test #2 (TM4, 4 CRS APs) / FRC #3 (64QAM)
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	Figure 1. PDSCH simulation results – Scenario #1: Loading 0%, INR1 = 15.81 dB, INR2 = 10.5 dB


	Test #1 (TM4, 2 CRS APs) / FRC #1 (QPSK)
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	Test #2 (TM4, 4 CRS APs) / FRC #1 (QPSK)
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	Test #1 (TM4, 2 CRS APs) / FRC #2 (16QAM)
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	Test #2 (TM4, 4 CRS APs) / FRC #2 (16QAM)
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	Test #1 (TM4, 2 CRS APs) / FRC #1 (64QAM)
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	Test #2 (TM4, 4 CRS APs) / FRC #3 (64QAM)
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	Figure 2. PDSCH simulation results – Scenario #2: Loading 10%, INR1 = 11.75 dB, INR2 = 5.69 dB.


	Test #1 (TM4, 2 CRS APs) / FRC #1 (QPSK)
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	Test #2 (TM4, 4 CRS APs) / FRC #1 (QPSK)
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	Test #1 (TM4, 2 CRS APs) / FRC #2 (16QAM)
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	Test #2 (TM4, 4 CRS APs) / FRC #2 (16QAM)
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	Test #1 (TM4, 2 CRS APs) / FRC #1 (64QAM)
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	Test #2 (TM4, 4 CRS APs) / FRC #3 (64QAM)
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	Figure 3. PDSCH simulation results – Scenario #3: Loading 20%, INR1 = 10.45 dB, INR2 = 4.6 dB.


	Test #1 (TM4, 2 CRS APs) / FRC #1 (QPSK)
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	Test #2 (TM4, 4 CRS APs) / FRC #1 (QPSK)
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	Test #1 (TM4, 2 CRS APs) / FRC #2 (16QAM)
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	Test #2 (TM4, 4 CRS APs) / FRC #2 (16QAM)
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	Test #1 (TM4, 2 CRS APs) / FRC #1 (64QAM)
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	Test #2 (TM4, 4 CRS APs) / FRC #3 (64QAM)
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	Figure 4. PDSCH simulation results – Scenario #4: Loading 20%, INR1 = 13.36 dB, INR2 = 9.21 dB.


Table 1. 1RX PDSCH simulation results summary (CRS-IM vs LMMSE-MRC gain)
	Scenario
	Test
	CRS-IM vs LMMSE-MRC gain @ 70% Max T-put, dB
	CRS-IM SINR @ 70% Max T-put, dB

	
	
	QPSK
	16QAM
	64QAM
	QPSK
	16QAM
	64QAM

	#1: Loading 0%, Set 10
	#1 (TM4, 2 CRS APs)
	4.0
	4.6
	4.2
	-13.8
	-10.0
	-3.2

	
	#2 (TM4, 4 CRS APs)
	4.5
	5.5
	5.0
	-14.5
	-11.1
	-4.1

	#2: Loading 10%, Set 10
	#1 (TM4, 2 CRS APs)
	2.2
	2.3
	2.0
	-9.5
	-5.2
	1.6

	
	#2 (TM4, 4 CRS APs)
	2.6
	2.9
	2.5
	-10.7
	-6.4
	0.5

	#3: Loading 20%, Set 10
	#1 (TM4, 2 CRS APs)
	1.2
	1.4
	1.2
	-7.0
	-2.5
	4.3

	
	#2 (TM4, 4 CRS APs)
	1.7
	1.8
	1.5
	-8.3
	-3.8
	3.1

	#4: Loading 20%, Set 15
	#1 (TM4, 2 CRS APs)
	1.4
	1.5
	1.4
	-7.5
	-3.1
	3.5

	
	#2 (TM4, 4 CRS APs)
	1.8
	2.0
	1.7
	-8.8
	-4.5
	2.5


Observation #1 (PDSCH):
· CRS-IM receiver provide substantial PDSCH performance improvement over MRC receivers for all investigated scenarios. The gains vary from 1.2 dB to 5.5 dB.

· Testable performance improvement (≥1.5dB) observed for the following scenarios:
· Scenario #1 (0% loading, Set 10), TM4 with 2 and 4 CRS APs, {QPSK, 16QAM, 64QAM}

· Scenario #2 (10% loading, Set 10), TM4 with 2 and 4 CRS APs, {QPSK, 16QAM, 64QAM}
· Scenario #3 (20% loading, Set 10), TM4 with 4 CRS APs, {QPSK, 16QAM, 64QAM}

· Scenario #4 (20% loading, Set 15), TM4 with 2 CRS APs, {16QAM} and 4 CRS APs, {QPSK, 16QAM, 64QAM}.

· Acceptable SINR operating point (>-4dB) observed for the following scenarios:
· Scenario #1 (0% loading, Set 10), TM4 with 2 and 4 CRS APs, {64QAM}

· Scenario #2 (10% loading, Set 10), TM4 with 2 and 4 CRS APs, {64QAM}

· Scenario #3 (20% loading, Set 10), TM4 with 2 and 4 CRS APs, {16QAM, 64QAM}.
· Scenario #4 (20% loading, Set 15), TM4 with 2, {16QAM, 64QAM} and 4 CRS APs, {64QAM}.
3. PDCCH simulation results

In this section we provide our link level result for CRS-IM PDCCH performance analysis (Figure 5 – Figure 6). The following simulation assumptions are considered:

· CRS AP configuration
· Test 1: 2 CRS APs

· Test 2: 4 CRS APs

· Interference profile: INR1 = 13.91 dB, INR2 = 3.34dB

· Interference DL control channel Loading:

· Scenario 1: 20%

· Scenario 2: 50%

· PDCCH AL: 2, 4, 8.
	Test #1 (2 CRS APs) / AL2
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	Test #1 (4 CRS APs) / AL2
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	Test #1 (2 CRS APs) / AL4
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	Test #1 (4 CRS APs) / AL4
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	Test #1 (2 CRS APs) / AL8
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	Test #1 (4 CRS APs) / AL8
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	Figure 5. PDCCH simulation results – Scenario #1: Loading 20%.


	Test #1 (2 CRS APs) / AL2
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	Test #1 (4 CRS APs) / AL2
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	Test #1 (2 CRS APs) / AL4
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	Test #1 (4 CRS APs) / AL4
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	Test #1 (2 CRS APs) / AL8
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	Test #1 (4 CRS APs) / AL8
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	Figure 6. PDCCH simulation results – Scenario #2: Loading 50%.


Table 3. 1Rx PDCCH simulation results summary 
	Scenario
	Test
	CRS-IM vs LMMSE-MRC gain @ 1% PDCCH/PCFICH Pm-dsg, dB
	CRS-IM SINR
 @ 1% PDCCH/PCFICH Pm-dsg, dB

	
	
	AL2
	AL4
	AL8
	AL2
	AL4
	AL8

	#1: Loading 20%
	#1 (2 CRS APs)
	0.9
	0.8
	1.3
	3.5
	-0.1
	-3.1

	
	#2 (4 CRS APs)
	2.2
	2.6
	3.4
	2.0
	-1.9
	-4.2

	#2: Loading 50%
	#1 (2 CRS APs)
	0.7
	0.8
	0.7
	5.6
	2.2
	-0.5

	
	#2 (4 CRS APs)
	1.2
	1.6
	2.4
	4.2
	0.5
	-2.2


Observation #2 (PDCCH):
· CRS-IM receiver provide substantial PDCCH performance improvement over MRC receivers for all investigated scenarios. The gains vary from 0.7 dB to 3.4 dB.

· Testable performance improvement (>1.0dB) observed for the following scenarios:

· Scenario #1 (20% loading), 2CRS APs, {AL8} and 4 CRS APs, {AL2, AL4, AL8}

· Scenario #2 (50% loading), 4 CRS APs, {AL2, AL4, AL8}

4. Conclusions
In this contribution we provided initial simulation results for single RX chain CRS-IM PDSCH and PDCCH performance. The following observations were made:
Observation #1 (PDSCH):
· CRS-IM receiver provide substantial PDSCH performance improvement over MRC receivers for all investigated scenarios. The gains vary from 1.2 dB to 5.5 dB.

· Testable performance improvement (≥1.5dB) observed for the following scenarios:

· Scenario #1 (0% loading, Set 10), TM4 with 2 and 4 CRS APs, {QPSK, 16QAM, 64QAM}

· Scenario #2 (10% loading, Set 10), TM4 with 2 and 4 CRS APs, {QPSK, 16QAM, 64QAM}
· Scenario #3 (20% loading, Set 10), TM4 with 4 CRS APs, {QPSK, 16QAM, 64QAM}

· Scenario #4 (20% loading, Set 15), TM4 with 2 CRS APs, {16QAM} and 4 CRS APs, {QPSK, 16QAM, 64QAM}.

· Acceptable SINR operating point (>-4dB) observed for the following scenarios:

· Scenario #1 (0% loading, Set 10), TM4 with 2 and 4 CRS APs, {64QAM}

· Scenario #2 (10% loading, Set 10), TM4 with 2 and 4 CRS APs, {64QAM}

· Scenario #3 (20% loading, Set 10), TM4 with 2 and 4 CRS APs, {16QAM, 64QAM}.
· Scenario #4 (20% loading, Set 15), TM4 with 2, {16QAM, 64QAM} and 4 CRS APs, {64QAM}.
Observation #2 (PDCCH):
· CRS-IM receiver provide substantial PDCCH performance improvement over MRC receivers for all investigated scenarios. The gains vary from 0.7 dB to 3.4 dB.

· Testable performance improvement (>1.0dB) observed for the following scenarios:

· Scenario #1 (20% loading), 2CRS APs, {AL8} and 4 CRS APs, {AL2, AL4, AL8}

· Scenario #2 (50% loading), 4 CRS APs, {AL2, AL4, AL8}
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Annex – Simulation assumptions
Table 4. PDSCH simulation assumptions

	Parameter
	Value

	Duplexing
	FDD

	System bandwidth
	10 MHz for the serving and interfering cells

	Cyclic prefix
	Normal

	Tx EVM
	6%

	Antenna models
	2x1 low correlation 

4x1 low correlation

	Cell ID pattern
	Non-colliding CRS: 

Serving cell: 0

Interference cell 1: 1

Interference cell 2: 6

	Interference power profile
	Scenario 1: Loading 0%, INR1 = 15.81 dB, INR2 = 10.5 dB

Scenario 2: Loading 10%, Set 10, INR1 = 11.75 dB, INR2 = 5.69 dB

Scenario 3: Loading 20%, Set 10, INR1 = 10.45 dB, INR2 = 4.6 dB

Scenario 4: Loading 20%, Set 15, INR1 = 13.36 dB, INR2 = 9.21 dB

	Network synchronization in time
	Time-delay wrt. serving cell

	
	1st interfering cell
	2nd interfering cell

	
	3 µs
	-1 µs

	Network synchronization in frequency
	Frequency shift wrt. serving cell

	
	1st interfering cell
	2nd interfering cell

	
	300 Hz
	-100 Hz

	Channel model
	EVA-5Hz for all links. Use different channel seed for between cells.

	Serving cell PDSCH FRC
	FRC #1: QPSK CR 1/3

FRC #2: 16QAM CR 1/2

FRC #3: 64QAM CR 1/2

	Number of control region OFDM symbols (CFI)
	CFI = 2. Same value in all cells

	HARQ modelling
	Maximum 4 HARQ retransmissions

	Desired PDSCH transmission parameters
	Resource allocation
	FDD: 

· PDSCH is scheduled in subframes 0-4, 6-9

· TM4: 6 PRB for all subframes

	
	
	

	
	PMI
	TM4: Follow PMI, reporting mode PUSCH 3-1

	Physical channels and signal explicitly transmitted in interfering cells
	CRS

PDSCH

PSS/SSS/PBCH

	Interference PDSCH transmission parameters
	Resource allocation
	Random full band (50PRB) on/off model, proportional to the average resource utilization in the interfering cells.

Average resource utilization in the interfering cells: 0%, 10%, 20%

	
	Rank
	Randomly changing rank per allocated subband from subframe to subframe: 80% rank-1, 20% rank-2

	
	Interference model
	Based on TS 36.101 B.5.3 and B.5.4

	
	TM
	Same as serving cell TM


Table 5. PDCCH simulation assumptions

	Parameters
	Value

	Duplexing mode
	FDD

	System bandwidth
	10MHz for the serving and interfering cells

	Cyclic prefix
	Normal

	Tx EVM
	6%

	Antenna configuration
	2x1, Low correlation
4x1, Low correlation

	Number of interference cells
	2 interfering cells

	Cell ID
	Serving cell: 0

Non-Colliding CRS: Interferer cell #1 - 1, Interferer cell #2 – 6

	Interference power profile
	I1/Noc = 13.91 dB, I2/Noc = 3.34 dB

	Time-frequency offset modelling for synchronous network
	Time offset: Interference cell #1 – 2us, Interference cell #2 – 3us

Frequency offset: Interference cell #1 – 200Hz, Interference cell #2 – 300Hz

	CRS ports
	2 CRS APs: Ports 0 and 1
4 CRS APs: Ports 0, 1, 2, 3

	Unused Serving cell RE-s and PRB-s
	OCNG

	Channel model
	EPA-5Hz for all links. Use different channel seed for between cells.

	Serving cell PDCCH
	DCI Format 2 (43 bits – 2CRS APs, 46 bits – 4CRS PAs)

	Number of control region OFDM symbols (CFI)
	CFI = 3. Same value in all cells

	PHICH Ng
	Ng = 1/6 (i.e. number of PHICH groups = 2 for 10 MHz BW)

	PHICH duration
	Normal

	Interference model 
	PDCCH/PHICH interference signals are emulated using random QPSK-modulated symbols with the SFBC-based precoding:

· Per-CCE signal transmission granularity

· N = 20 and 50% interference loading for PDCCH/PHICH
· Guaranteed interference loading on a subframe basis (N% of all available CCEs are chosen to be active in each subframe)
· In each subframe, randomly pick one CCE from the set of empty CCEs. Repeat the procedure till the loading is equal N %.
· Interference PDCCH/PHICH power boosting has uniform distribution in log domain in the range from -6dB to 6dB 

· Interference PDCCH/PHICH power normalization is used 

· Apply single power normalization factor [-1.3] dB. 

PCFICH interference is explicitly modelled

PDSCH is emulated via OCNG with 100% loading.
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