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1. Introduction

In the previous RAN4 meetings the following agreements on the Cat1bis CRS IM test cases and simulation assumptions were made [1-2]:

	RAN4 84 [1]

· Physical channels
· Investigate 1RX CRS-IM feasibility for the following physical channels:

Physical channels
UE categories
Cat1bis
CatM2
PDSCH
· PDSCH TM4 and TM9 can be considered similar to the Rel-14 CRS-IM requirements. 

· FRCs: Rank 1 + QPSK 1/3; Rank 1 + 16QAM 1/2; Rank 1 + 64QAM ½
· TM6 can be considered at the initial stage. FFS if TM9 and TM2 requirements are needed. 
· FRCs: QPSK 1/3; 16QAM 1/2
· Focus on CE mode A
· Single repetition level as the starting point. FFS for other repetition levels.
· Frequency hopping is FFS

· Reuse TS 36.101 test case 8.11.1.1.1.1 as the starting point
DL control channels

· PDCCH AL 2, 4, 8
· CFI = 1 or 2 
· Focus on CE mode A
· Single repetition level as the starting point. FFS for other repetition levels.
· CRS scenarios
· 2 and 4 CRS APs

· Non-colliding CRS dominant interferer and Colliding CRS 2nd dominant interferer (Cell ID pattern (S, I1, I2) = (0,1,6))

· Interference models
· PDSCH: Reuse Rel-13/14 CRS-IM interference model with per-TTI interference presence modelling. Further evaluate performance for the case of 0%, 10%, 20% and 30% RU.

· MPDCCH: Same model as for PDSCH.

· PDCCH: Reuse Rel-13 CCIM interference model and power profiles.

RAN4 84bis [2]

Test cases for 1RX CRS-IM CatM2 performance requirements

· PDSCH test cases

· Test #1: TM6 with 4 CRS APs

· CE mode A, FFS for repetitions and frequency hopping

· Option 1: 16QAM + Rank 1, 20% interference loading

· Option 2: QPSK + Rank 1, 30% interference loading

· Test #2: TM6 with 2 CRS APs

· CE mode A, FFS for repetitions and frequency hopping

· Option 1: 16QAM + Rank 1, 20% interference loading

· Option 2: QPSK + Rank 1, 30% interference loading

· MPDCCH test cases 

· Test #1: MPDCCH AL4, [0, 20%] interference loading, CE mode A, No repetitions and no frequency hopping

· Test #2: MPDCCH AL16, 10% interference loading, CE mode A, No repetitions and no frequency hopping

· FFS if additional tests PDSCH and/or MPDCCH test for CE Mode B, multiple repetitions or frequency hopping


In this paper we provide further link level simulation results for CatM1/CatM2 UEs with CRS-IM.
2. PDSCH simulation results
In this section we provide the PDSCH link level simulation results under the following assumptions:
· Transmission mode 6.
· Number of CRS APs: 2 and 4

· FRCs: 
· QPSK – MCS6 and MCS 9
· 16QAM – MCS12 and MCS 14

· CE mode A
· Single repetition level

· Frequency hopping – Off

· Interference profile and loading:
· Scenario 1: Loading 10%, INR1 = 11.75 dB, INR2 = 5.69 dB (Set 10 in [2]) 

· Scenario 2: Loading 20%, INR1 = 10.45 dB, INR2 = 4.57 dB (Set 10 in [2])
· Scenario 3: Loading 30%, INR1 = 9.69 dB, INR2 = 3.69 dB  (Set 10 in [2])
The simulation results are illustrated in Figures 1-3 and also summarized in Table 1-3.
	Test #1 (TM6, 2 CRS APs) / FRC #2 (16QAM MCS 12)
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	Test #2 (TM6, 4 CRS APs) / FRC #2 (16QAM MCS 12)
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	Test #1 (TM6, 2 CRS APs) / FRC #2 (16QAM MCS 14)
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	Test #2 (TM6, 4 CRS APs) / FRC #2 (16QAM MCS 14)
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	Figure 1. PDSCH simulation results – Scenario #1: Loading 10%, INR1 = 11.75 dB, INR2 = 5.69 dB


	Test #1 (TM6, 2 CRS APs) / FRC #2 (16QAM MCS 12)
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	Test #2 (TM6, 4 CRS APs) / FRC #2 (16QAM MCS 12)

[image: image6.emf]-10 -8 -6 -4 -2 0 2 4 6 8

SINR, dB

0

0.02

0.04

0.06

0.08

0.1

0.12

T

h

r

o

u

g

h

p

u

t

,

 

M

b

p

s

PDSCH, TM6, EPA-5Hz, 4 CRS APs, Loading 20%, 16QAM

LMMSE-MRC

CRS-IM



	Test #1 (TM6, 2 CRS APs) / FRC #2 (16QAM MCS 14)
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	Test #2 (TM6, 4 CRS APs) / FRC #2 (16QAM MCS 14)
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	Figure 2. PDSCH simulation results – Scenario #2: Loading 20%, INR1 = 10.45 dB, INR2 = 4.57 dB


	Test #1 (TM6, 2 CRS APs) / FRC #1 (QPSK MCS 6)
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	Test #2 (TM6, 4 CRS APs) / FRC #1 (QPSK MCS 6)
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	Test #1 (TM6, 2 CRS APs) / FRC #1 (QPSK MCS 9)

[image: image11.emf]-10 -8 -6 -4 -2 0 2 4 6 8

SINR, dB

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.1

T

h

r

o

u

g

h

p

u

t

,

 

M

b

p

s

PDSCH, TM6, EPA-5Hz, 2 CRS APs, Loading 30%, QPSK

LMMSE-MRC

CRS-IM


	Test #2 (TM6, 4 CRS APs) / FRC #1 (QPSK MCS 9)
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	Figure 3. PDSCH simulation results – Scenario #3: Loading 30%, INR1 = 9.69 dB, INR2 = 3.69 dB


Table 1. PDSCH simulation results summary – 10% loading (CRS-IM vs LMMSE-MRC gain)
	Test
	CRS-IM vs LMMSE-MRC SINR gain @ 70% Max T-put, dB
	CRS-IM SINR 
@ 70% Max T-put, dB

	
	MCS12
	MCS14
	MCS12
	MCS14

	#1 (TM4, 2 CRS APs)
	-3.9
	-2.3
	2.2
	2.1

	#2 (TM4, 4 CRS APs)
	-7.2
	-5.6
	2.9
	2.9


Table 2. PDSCH simulation results summary – 20% loading (CRS-IM vs LMMSE-MRC gain)
	Test
	CRS-IM vs LMMSE-MRC SINR gain @ 70% Max T-put, dB
	CRS-IM SINR 
@ 70% Max T-put, dB

	
	MCS12
	MCS14
	MCS12
	MCS14

	#1 (TM4, 2 CRS APs)
	1.3
	1.3
	-1.5
	0.0

	#2 (TM4, 4 CRS APs)
	1.8
	2.0
	-4.9
	-3.3


Table 3. PDSCH simulation results summary – 30% loading (CRS-IM vs LMMSE-MRC gain)
	Test
	CRS-IM vs LMMSE-MRC SINR gain @ 70% Max T-put, dB
	CRS-IM SINR 
@ 70% Max T-put, dB

	
	MCS6
	MCS9
	MCS6
	MCS9

	#1 (TM4, 2 CRS APs)
	1.0
	1.0
	-5.1
	-2.1

	#2 (TM4, 4 CRS APs)
	1.1
	1.5
	-8.1
	-5.1


Observation #1 (PDSCH):

· CRS-IM receiver provides substantial PDSCH performance improvement over MRC receiver for all investigated scenarios. The gains vary from 1.0 dB to 2.0 dB.

· Taking into account testable performance improvement (≥1.5dB) and acceptable SINR operating point (>-4dB) the following test cases can be considered for Cat M2 requirements definition:

· Scenario #1 (10% loading), TM6 with 2 CRS APs, 16QAM (MCS12 or MCS14)
· Scenario #2 (20% loading), TM6 with 4 CRS APs, 16QAM (MCS14)
3. MPDCCH simulation results

In this section we provide the MPDCCH link level simulation results under the following assumptions:

· Number of CRS APs: 2

· Transmission type – Distributed

· Scenarios:

· Test #1: MPDCCH AL4, [0, 20%] interference loading, CE mode A, No repetitions and no frequency hopping

· Test #2: MPDCCH AL16, 10% interference loading, CE mode A, No repetitions and no frequency hopping

· Interference profile and loading:

· Scenario 1: Loading 0%, INR1 = 15.81 dB, INR2 = 10.5 dB (Set 10 in [3])

· Scenario 2: Loading 10%, INR1 = 11.75 dB, INR2 = 5.69 dB (Set 10 in [3])

· Scenario 3: Loading 20%, INR1 = 10.45 dB, INR2 = 4.57 dB (Set 10 in [3]) 

The results are illustrated in Figures 5, 6.
	Loading 0%, INR1 = 15.81 dB, INR2 = 10.5 dB
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	Loading 20%, INR1 = 10.45 dB, INR2 = 4.57 dB
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	Figure 3. MPDCCH simulation results – 4 ECCE


	Loading 10%, INR1 = 11.75 dB, INR2 = 5.69 dB
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	Figure 6. MPDCCH simulation results – 16 ECCE


Observation #2 (MPDCCH):

· Test # 1 (MPDCCH AL4)

· Loading 0%: Gain = 5.0 dB, SINR@1% = -2.9 dB

· Loading 20%: Gain = 0.8 dB, SINR@1% = 7.9 dB

· Test # 2 (MPDCCH AL16)

· Loading 10%: Gain = 1.6 dB, SINR@1% = -0.4 dB

4. Conclusions

In this contribution we provided PDSCH and PDCCH simulation results for Cat M2 UEs. The following observations were made:

Observation #1 (PDSCH):

· CRS-IM receiver provides substantial PDSCH performance improvement over MRC receiver for all investigated scenarios. The gains vary from 1.0 dB to 2.0 dB.

· Taking into account testable performance improvement (≥1.5dB) and acceptable SINR operating point (>-4dB) the following test cases can be considered for Cat M2 requirements definition:

· Scenario #1 (10% loading), TM6 with 2 CRS APs, 16QAM (MCS12 or MCS14)
· Scenario #2 (20% loading), TM6 with 4 CRS APs, 16QAM (MCS14)
Observation #2 (MPDCCH):

· Test # 1 (MPDCCH AL4)

· Loading 0%: Gain = 5.0 dB, SINR@1% = -2.9 dB

· Loading 20%: Gain = 0.8 dB, SINR@1% = 7.9 dB

· Test # 2 (MPDCCH AL16)

· Loading 10%: Gain = 1.6 dB, SINR@1% = -0.4 dB
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