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1. [bookmark: _Ref95743991]Introduction
Several candidate options were proposed to enable NR PDCCH reception on CRS symbol. In this contribution, we provide evaluation results on different options of PDCCH/DMRS receptions when NR PDCCH shares the CRS symbol.
2. Discussion
	Agreement 
To evaluate the following options:
· Option-1-1: No NR-PDCCH-DMRS is transmitted for only the REs overlapping with LTE-CRS of the OFDM symbol, NR-PDCCH is punctured on REs colliding with LTE-CRS, NR-PDCCH must span at least 2 consecutive symbols with at least 1 symbol not overlapping with LTE-CRS 
· Option-1-2: No NR-PDCCH-DMRS is transmitted in any RE of the OFDM symbol, NR-PDCCH is transmitted on REs not colliding with LTE-CRS including the original DMRS, NR-PDCCH is punctured on REs colliding with LTE-CRS, NR-PDCCH must span at least 2 consecutive symbols with at least 1 symbol not overlapping with LTE-CRS 
· Option-2: NR-PDCCH or NR-PDCCH-DMRS is transmitted on REs not colliding with LTE-CRS, NR-PDCCH and NR-PDCCH-DMRS may or may not be punctured on REs colliding with LTE-CRS
· No puncture is baseline (UE side)
Observation
For evaluations consider the following options:
Option 1-1:
· PDCCH and PDCCH DMRS mapping to REs: Legacy
· PDCCH REs overlapping with LTE CRS: Receiver punctures
· [bookmark: _Hlk103593086]PDCCH DMRS REs overlapping with LTE CRS: All DMRS REs on overlapping symbol Not used for CE, or legacy pattern is assumed
· gNB transmits: Irrelevant what the gNB transmits on REs overlapping with the LTE CRS REs as indicated in the CRS RM pattern. 
· Channel estimator: operate on clean symbol DMRS only, Legacy
Option 1-2:
· PDCCH and PDCCH DMRS mapping to REs: New PDCCH rate-matching
· No PDCCH DMRS on the symbol overlapping with LTE CRS 
· PDCCH REs overlapping with LTE CRS: Receiver punctures
· PDCCH DMRS REs overlapping with LTE CRS: Not expected
· Channel estimator (UE assumption): Operate on clean symbol DMRS only
· gNB transmits: Irrelevant what the gNB transmits on REs overlapping with the LTE CRS REs as indicated in the CRS RM pattern
Option 2:
· PDCCH and PDCCH DMRS mapping to REs: Legacy
· PDCCH REs overlapping with LTE CRS: Baseline: Process as legacy 
· PDCCH DMRS REs overlapping with LTE CRS: Aware or unaware
· Channel estimator: Baseline: Process as legacy (Receiver does not puncture DMRS), Optional: Advanced receiver (Use the DMRS other than legacy behavior)
· gNB transmits: 
· Baseline: May puncture the PDCCH/PDCCH DMRS, or may superposition the two. 
· Optional: may puncture LTE CRS of Port#2&3. 
· Impact to LTE UEs should be considered if superposition is used.
Agreement
For evaluations consider the following list of scenarios:
Scenario#1A: 1 symbol CORESET, overlapped with CRS – Option 2 only
Scenario#2: 2 symbols CORESET, including 1 overlapping symbol and 1 clean symbol – Option 1-1/1-2/2
Scenario#3: 3 symbols CORESET, including 1 overlapping symbol and 2 clean symbols – Option 1-1/1-2/2


In the last meeting, option1-1/option1-2/option2 were agreed for evaluation. Further, the following options for channel estimation (CE) and PDCCH decoding(PD) at RX side were discussed.
· CE:
· CE1 (legacy): CE based on legacy DMRS pattern (i.e., no RX puncturing)
· CE2 (clean): CE based on DMRS RE on the clean symbol without CRS only
· CE3 (irregular): CE based on all available DMRS REs (i.e., CE based on irregular DMRS pattern after puncturing) on all symbols of the configured CORESET
· PDCCH decoding:
· PD1 (legacy): PDCCH decoding based on legacy PDCCH mapping (i.e., no puncturing)
· PD2 (RM): new PDCCH RM pattern, PDCCH puncturing according to CRS REs
· PD3 (RX puncturing): PDCCH puncturing based on CRS RE
According to the agreements and previous discussions, there are multiple implementations regarding option 1-1 and option 2, on both the TX side and the RX side. With regard to the TX side, the gNB can either puncture the DMRS/PDCCH on the CRS RE or superimpose the DMRS/PDCCH with the CRS. As for the RX side, the possible receiver types are listed in the table below. By contrast, UEs supporting options 1-2 must be aware of the CRS pattern as well as the new PDCCH RM pattern, thus option1-2 only has a single implementation, i.e. CE2+PD2, for RX side. Simulations on these options are performed based on the assumptions in the tables:
Table 1. Assumption of option1-1 
	Option1-1
	Baseline
	Rel-18 enhancement

	Scenario#2
	s2: NR PDCCH
	s1+s2: NR PDCCH; 
s2: NR PDCCH 


	
	
	gNB: puncture PDCCH/DMRS according to CRS REs
possible RX implementations:
1. CE1(legacy)+PD1(legacy); 
2. or CE3(irregular)+PD3(RX puncturing); 
3. or CE2(clean)+PD3(RX puncturing); 
4. or CE1(legacy)+PD3(RX puncturing)

	
	
	gNB: superposition
possible RX implementation:
1. CE1(legacy)+PD1(legacy)

	Scenario#3
	s2+s3: NR PDCCH
(FG22-12 NR UE)
	s1+s2+s3: NR PDCCH
s2+s3: NR PDCCH (FG22-12 NR UE)

	
	
	gNB: puncture PDCCH/DMRS according to CRS RE
possible RX implementations:
1. CE1(legacy)+PD1(legacy); 
2. or CE3(irregular)+PD3(RX puncturing); 
3. or CE2(clean)+PD3(RX puncturing); 
4. or CE1(legacy)+PD3(RX puncturing)

	
	
	gNB: superposition
possible RX implementation:
1. CE1(legacy)+PD1(legacy)


Table 2. Assumption of option1-2
	Option1-2
	Baseline
	Rel-18 enhancement

	Scenario#2
	s2: NR PDCCH
	s1+s2: NR PDCCH
s2: NR PDCCH

	
	
	gNB: puncture PDCCH according to CRS RE, transmit DMRS on clean symbol only, PDCCH RM on clean symbol
possible RX implementation:
1. CE2(clean)+PD2(RM)

	Scenario#3
	s2+s3: NR PDCCH
(FG22-12 NR UE)
	s1+s2+s3: NR PDCCH
s2+s3: NR PDCCH (FG22-12 NR UE)

	
	
	gNB: puncture PDCCH according to CRS RE, transmit DMRS on clean symbol only, PDCCH RM on clean symbol
possible RX implementation:
1. CE2(clean)+PD2(RM)


Table 3. Assumption of option1-3
	Option2
	Baseline
	Rel-18 enhancement

	Scenario#1a
	s2: NR PDCCH
	s1: NR PDCCH 
s2: NR PDCCH

	
	
	gNB: puncture PDCCH/DMRS according to CRS RE
possible RX implementations:
1. CE1(legacy)+PD1(legacy); 
2. or CE3(irregular)+PD3(RX puncturing)

	
	
	gNB: superposition
possible RX implementations:
1. CE1(legacy)+PD1(legacy) 


[bookmark: _Ref95401584]Based on the above assumptions, LLS performances have been evaluated. The PDCCH BLER performance of each option can be found in Figure 1 to Figure 14 the Appendix B. The table of geometry is provided in Appendix A. 
Based on the UE distribution and required SNR @ 1% BLER, the average CCE of each option is summarized below.
[bookmark: _Ref102124081]Table 4 Average number of CCEs in option1-1 in scenario2, 30km/h
	AL
	baseline
	CE1+PD1
	CE3+PD3
	CE2+PD3
	CE1+PD3
	superposition

	
	SNR
	%
	SNR
	%
	SNR
	%
	SNR
	%
	SNR
	%
	SNR
	%

	1
	11.9169
	23
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　

	2
	5.1208
	37
	　
	　
	6.532
	49
	6.885
	48
	12.495
	21
	　
	　

	4
	-0.3448
	35
	　
	　
	1.1315
	40
	1.5441
	40
	1.9362
	64
	3.3762
	73

	8
	-4.3594
	3
	-0.1083
	94
	-3.4122
	8
	-2.7869
	9
	-2.8839
	12
	-3.2472
	24

	16
	-7.0847
	1
	-4.8371
	4
	-6.5813
	2
	-5.8675
	1
	-6.0515
	1
	-6.8948
	2

	CCE
	2.7980 
	8.3265 
	3.5758 
	3.5102 
	4.1837 
	5.2121 


Table 5 Average number of CCEs in option1-1 in scenario3, 30km/h
	AL
	baseline
	CE1+PD1
	CE3+PD3
	CE2+PD3
	CE1+PD3
	superposition

	
	SNR
	%
	SNR
	%
	SNR
	%
	SNR
	%
	SNR
	%
	SNR
	%

	1
	12.1916
	21
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　

	2
	4.9063
	40
	　
	　
	5.8548
	54
	6.1843
	51
	7.6599
	44
	　
	　

	4
	0.1192
	32
	　
	　
	0.8657
	37
	1.2038
	38
	1.2986
	45
	1.8714
	85

	8
	-4.2864
	5
	-2.0223
	96
	-3.5553
	7
	-3.1415
	8
	-3.3164
	8
	-3.6486
	13

	16
	-7.4316
	1
	-6.0255
	2
	-6.9266
	1
	-6.5385
	2
	-6.7447
	2
	-7.3125
	1

	CCE
	2.8788 
	8.1633 
	3.3131 
	3.5354 
	3.6768 
	4.6465 


Table 6 Average number of CCEs in option1-2 in scenario2/3, 30km/h
	AL
	baseline in scenario2
	CE2+PD2
	baseline in scenario3
	CE2+PD2

	
	SNR
	%
	SNR
	%
	SNR
	%
	SNR
	%

	1
	11.9169
	23
	　
	　
	12.1916
	21
	　
	　

	2
	5.1208
	37
	6.0734
	53
	4.9063
	40
	5.4983
	56

	4
	-0.3448
	35
	1.0904
	36
	0.1192
	32
	0.8692
	35

	8
	-4.3594
	3
	-2.944
	8
	-4.2864
	5
	-3.3479
	6

	16
	-7.0847
	1
	-6.0965
	1
	-7.4316
	1
	-6.7572
	2

	CCE
	2.7980 
	3.3673 
	2.8788 
	3.3535 


Table 7 Average number of CCEs in option2 in scenario1a, 30km/h
	AL
	baseline
	CE3+PD3
	superposition

	
	SNR
	%
	SNR
	%
	SNR
	%

	1
	11.9169
	23
	　
	　
	　
	　

	2
	5.1208
	37
	9.5852
	34
	　
	　

	4
	-0.3448
	35
	2.2527
	50
	　
	　

	8
	-4.3594
	3
	-2.2581
	12
	-0.4431
	95

	16
	-7.0847
	1
	-5.3214
	2
	-6.0123
	3

	CCE
	2.7980 
	4.0408 
	8.2449 


In the email discussion [Post-109-e-R18-DSS-01], it was suggested that the existence of legacy NR UE, as well as CORESET#0, should be considered in the evaluation. As the idle UE monitors the PDCCH in CORESET#0 without any CRS information, CORESET#0 should be configured on symbols without CRS (e.g.,s2 or s2+s3). The PDCCH capacity of a CORESET on which the PDCCH related to RACH process is monitored will limit the access capacity. Currently, an additional CORESET can be configured in SIB1 for the use of PDCCH monitoring in and after RACH procedure. As the UE can obtain CRS information from SIB1, the additional CORESET can be configured to exploit CRS symbols. Therefore, we consider the following assumptions in PDCCH capacity evaluation of option1-1/1-2:
· UE distribution1: 100% R18 DSS UE
· Idle mode: CORESET#0 is located on s2 in scenario2 and s2+s3 in scenario3. An additional R18 CORESET exploiting CRS symbol and non-CRS symbol is configured for R18 DSS UE by SIB1.
· In baseline: CORESET#0 is used during RACH procedure
· In R18 enhancement: the additional R18 CORESET overlapped with CRS is used during RACH procedure
· Connected mode: a legacy CORESET is located on s2 in scenario2 and s2+s3 in scenario3 as the baseline. A R18 CORESET exploiting CRS symbol and non-CRS symbol is configured for R18 DSS UE by RRC for R18 enhancement.
· In baseline: all R18 DSS UEs are configured with a legacy CORESET 
· In R18 enhancement: all R18 DSS UEs are configured with a R18 CORESET overlapped with CRS.
For UE distribution1, the PDCCH capacity ratio between R18 enhancement and baseline of option1-1/1-2 is: capacity of R18 CORESET/capacity of legacy CORESET. 
· UE distribution2: 50% legacy NR UE+50% R18 DSS UE
· Idle mode: CORESET#0 is located on s2 in scenario2 and s2+s3 in scenario3. An additional R18 CORESET exploiting CRS symbol and non-CRS symbol is configured for R18 DSS UE by SIB1.
· In baseline:  CORESET#0 is used during RACH procedure
· In R18 enhancement:
· For legacy idle UE, CORESET#0 is used during RACH procedure
· For R18 DSS idle UE, the additional R18 CORESET is used during RACH procedure
· Connected mode: a legacy CORESET is located on s2 in scenario2 and s2+s3 in scenario3. A R18 CORESET exploiting CRS symbol and non-CRS symbol is configured for R18 DSS UE by RRC.
· In baseline: all UEs are configured with a legacy CORESET
· In R18 enhancement:
· For legacy connected UEs, a legacy CORESET is configured
· For R18 DSS connected UEs, a R18 CORESET overlapped with CRS is used. 
· ideal scheduling is assumed. No inter-CORESET blocking is considered.
For UE distribution2, the PDCCH capacity ratio between R18 enhancement and baseline of option1-1/1-2 is: (capacity of R18 CORESET*50%+capacity of legacy CORESET*50%)/capacity of legacy CORESET. 
For option2, as the legacy CORESET and R18 CORESET are TDMed, the PDCCH capacity ratio between R18 enhancement and baseline of option2 is: capacity of R18 CORESET/capacity of legacy CORESET.
· baseline: a legacy CORESET on s2
· R18 enhancement: a legacy CORESET on s2+a R18 CORESET on s1
PDCCH capacity of option1-1/1-2/2 are summarized below.
[bookmark: _Ref101709124]Table 8 PDCCH capacity of option1-1/1-2 in scenario2, UE distribution1
	　
	Scenario2, UE distribution1
	PDCCH capacity
	gain

	　
	Baseline: capacity=1 symbol/average CCE
	0.3574 
	100%

	option1-1
	CE1(legacy)+PD1(legacy):
Capacity=2 symbols/average CCE
	0.2402 
	67.21%

	option1-1
	CE3(irregular)+PD3(RX puncturing)
	0.5593 
	156.50%

	option1-1
	CE2(clean)+PD3(RX puncturing)
	0.5698 
	159.42%

	option1-1
	CE1(legacy)+PD3(RX puncturing)
	0.4780 
	133.76%

	option1-1
	superposition
	0.3837 
	107.36%

	option1-2
	CE2(clean)+PD2(RM)
	0.5939 
	166.19%


Table 9 PDCCH capacity of option1-1/1-2 in scenario3, UE distribution1
	　
	Scenario3, UE distribution1
	PDCCH capacity
	gain

	　
	Baseline: capacity=2 symbols/average CCE
	0.6947 
	100%

	option1-1
	CE1(legacy)+PD1(legacy):
Capacity=3 symbols/average CCE
	0.3675 
	52.70%

	option1-1
	CE3(irregular)+PD3(RX puncturing)
	0.9055 
	129.84%

	option1-1
	CE2(clean)+PD3(RX puncturing)
	0.8486 
	121.67%

	option1-1
	CE1(legacy)+PD3(RX puncturing)
	0.8159 
	117.00%

	option1-1
	superposition
	0.6456 
	92.58%

	option1-2
	CE2(clean)+PD2(RM)
	0.8946 
	128.27%


Table 10 PDCCH capacity of option1-1/1-2 in scenario2, UE distribution2
	　
	Scenario2, UE distribution2
	PDCCH capacity
	gain

	　
	Baseline: capacity=1 symbol/average CCE
	0.3574 
	100%

	option1-1
	CE1(legacy)+PD1(legacy)
	0.2988 
	83.60%

	option1-1
	CE3(irregular)+PD3(RX puncturing)
	0.4584 
	128.25%

	option1-1
	CE2(clean)+PD3(RX puncturing)
	0.4636 
	129.71%

	option1-1
	CE1(legacy)+PD3(RX puncturing)
	0.4177 
	116.88%

	option1-1
	superposition
	0.3706 
	103.68%

	option1-2
	CE2(clean)+PD2(RM)
	0.4757 
	133.09%


Table 11 PDCCH capacity of option1-1/1-2 in scenario3, UE distribution2
	　
	Scenario3, UE distribution2
	PDCCH capacity
	gain

	　
	Baseline: capacity=2 symbols/average CCE
	0.6947 
	100%

	option1-1
	CE1(legacy)+PD1(legacy)
	0.5324 
	76.35%

	option1-1
	CE3(irregular)+PD3(RX puncturing)
	0.8014 
	114.92%

	option1-1
	CE2(clean)+PD3(RX puncturing)
	0.7730 
	110.84%

	option1-1
	CE1(legacy)+PD3(RX puncturing)
	0.7567 
	108.50%

	option1-1
	superposition
	0.6715 
	96.29%

	option1-2
	CE2(clean)+PD2(RM)
	0.7960 
	114.14%


Table 12 PDCCH capacity of option2 in scenario1a
	　
	Scenario1a 
	PDCCH capacity
	gain

	　
	baseline: capacity=1 symbol/average CCE
	0.3574
	100%

	option2
	CE1(legacy)+PD1(legacy)
	/
	/

	option2
	CE3(irregular)+PD3(RX puncturing)
	0.6049 
	169.24%

	option2
	superposition
	0.4787 
	133.94%


[bookmark: _Ref47368168][bookmark: _Ref521492551][bookmark: PP12]The following observations can be made according to the tables and figures.
[bookmark: _Ref111219299]Observation 1. If gNB punctures DMRS/PDCCH according to CRS REs, when UE distribution1(100% R18 DSS UE) and speed = 30km/h are assumed
·  Regarding option1-1 
· R18 Enh with legacy receivers suffer 33% and 48% PDCCH capacity loss compared with baseline for scenario2 and scenario3 respectively
· In scenario2, R18 Enh with advanced receiver supporting PD3 provides 33.76~59.42% PDCCH capacity gain over baseline (1 symbol CORESET on s2) 
· In scenario3, R18 Enh with advanced receiver supporting PD3 provides 17~29.84% PDCCH capacity gain over baseline (2-symbol CORESET on s2+s3) 
· Regarding option1-2 
· In scenario2, R18 Enh with advanced receiver supporting CE2+PD2 provides 66.19% PDCCH capacity gain over baseline (1-symbol CORESET on s2) 
· In scenario3, R18 Enh with advanced receiver supporting CE2+PD2 provides 28.27% PDCCH capacity gain over baseline (2-symbol CORESET on s2+s3) 
[bookmark: _Ref111219268]Observation 2. If gNB punctures DMRS/PDCCH according to CRS REs, when UE distribution2(50% R18 DSS UE+50%legacy NR UE) and speed = 30km/h are assumed
·  Regarding option1-1 
· R18 Enh with legacy receivers suffer 27% and 34% PDCCH capacity loss compared with baseline for scenario2 and scenario3 respectively
· In scenario2, R18 Enh with advanced receiver supporting PD3 provides 16.88~29.71% PDCCH capacity gain over baseline (1-symbol CORESET on s2) 
· In scenario3, R18 Enh with advanced receiver supporting PD3 provides 8.5~14.92% PDCCH capacity gain over baseline (2-symbol CORESET on s2+s3) 
· Regarding option1-2 
· In scenario2, R18 Enh with advanced receiver supporting CE2+PD2 provides 33.09% PDCCH capacity gain over baseline (1-symbol CORESET on s2) 
· In scenario3, R18 Enh with advanced receiver supporting CE2+PD2 provides 14.14% PDCCH capacity gain over baseline (2-symbol CORESET on s2+s3) 
[bookmark: _Ref111219270]Observation 3. If gNB punctures DMRS/PDCCH according to CRS REs, when speed = 30km/h
· Regarding option2 
· In scenario1a, R18 Enh with advanced receiver supporting CE3+PD3 provides 69.24% PDCCH capacity gain 
NOTE that for high speed=350km/h case, the trends of BLER performance of the above options are similar to that of the low-speed case.
Moreover, as shown in Figure 19 in Appendix C, the baseline (CORESET on s2+s3) of scenario3 and R18 Enh (CORESET on s1+s2)  in scenario2, it is noted that the PDCCH capacity of CORESET on s1+s2 is much smaller than that of CORESET on s2+s3.
We have also evaluated the impact of DCI size on the PDCCH decoding performance when gNB super-position DMRS/PDCCH and CRS on the collided CRS RE, and we found that:
[bookmark: _Ref111219271]Observation 4. If gNB super-position DMRS/PDCCH and CRS on the collided CRS REs:
· when DCI size=60 bits: 
· In option1-1, for R18 DSS UE with large AL=8/16, the legacy receiver has better PDCCH BLER performance than the advanced receiver supporting PDCCH/DMRS puncturing; but for R18 DSS UE with smaller AL, performance is severely degraded. The PDCCH capacity of the legacy receiver in R18 Enh is smaller than baseline in scenario3 and is 3~7% higher than baseline in scenario2.
· In option2, for R18 DSS UE with large AL=16, the legacy receiver has better PDCCH BLER performance than the advanced receiver supporting PDCCH/DMRS puncturing; for R18 DSS UE with smaller AL, performance is severely degraded; PDCCH capacity of the additional CORESET on s1 is 33.94% of the PDCCH capacity of the legacy CORESET on s2.
· When DCI size increases to 84 bits, the PDCCH BLER performance of the legacy receiver is similar to that of the advanced receiver supporting PDCCH/DMRS puncturing.
· When DCI size increases to 108 bits, the PDCCH BLER performance of the legacy receiver becomes worse than the advanced receiver supporting PDCCH/DMRS puncturing.
Based on the above observations, from the performance perspective, an advanced receiver based on CE2/CE3/PD2/PD3 should be considered. However, the implementation complexity as well as the cost should not be ignored. Considering that CE3 where channel estimation is performed based on irregular DMRS pattern is much higher than that of CE2, to simplify the UE implementation as well as ensure the PDCCH decoding performance, we suggest considering CE2(clean)+PD2(RM) and option1-2.
[bookmark: _Ref83655373][bookmark: _Ref101709129][bookmark: _Ref111219273]Proposal 1: For NR PDCCH configured on the CRS symbol, option1-2 is supported. Specifically,
· DMRS is not mapped on symbols including CRS
· PDCCH on a CRS symbol is transmitted on any REs excluding RE#1/5/9 and PDCCH is punctured according to CRS REs
[bookmark: _Ref111219275]Proposal 2: For NR PDCCH reception on the CRS symbol, CE2+PD2 is supported. Specifically,
· UE uses the DMRS on the symbol without CRS for CE
· UE assumes that PDCCH transmitted on a CRS symbol is transmitted on any REs of that symbol excluding RE#1/5/9 and PDCCH is punctured according to CRS REs

3. Conclusion
In this contribution, we focus on NR PDCCH reception on CRS symbol, and have the following observations and proposals:
Observation 1. If gNB punctures DMRS/PDCCH according to CRS REs, when UE distribution1(100% R18 DSS UE) and speed = 30km/h are assumed
· Regarding option1-1 
· R18 Enh with legacy receivers suffer 33% and 48% PDCCH capacity loss compared with baseline for scenario2 and scenario3 respectively
· In scenario2, R18 Enh with advanced receiver supporting PD3 provides 33.76~59.42% PDCCH capacity gain over baseline (1 symbol CORESET on s2) 
· In scenario3, R18 Enh with advanced receiver supporting PD3 provides 17~29.84% PDCCH capacity gain over baseline (2-symbol CORESET on s2+s3) 
· Regarding option1-2 
· In scenario2, R18 Enh with advanced receiver supporting CE2+PD2 provides 66.19% PDCCH capacity gain over baseline (1-symbol CORESET on s2) 
· In scenario3, R18 Enh with advanced receiver supporting CE2+PD2 provides 28.27% PDCCH capacity gain over baseline (2-symbol CORESET on s2+s3) 
Observation 2. If gNB punctures DMRS/PDCCH according to CRS REs, when UE distribution2(50% R18 DSS UE+50%legacy NR UE) and speed = 30km/h are assumed
· Regarding option1-1 
· R18 Enh with legacy receivers suffer 27% and 34% PDCCH capacity loss compared with baseline for scenario2 and scenario3 respectively
· In scenario2, R18 Enh with advanced receiver supporting PD3 provides 16.88~29.71% PDCCH capacity gain over baseline (1-symbol CORESET on s2) 
· In scenario3, R18 Enh with advanced receiver supporting PD3 provides 8.5~14.92% PDCCH capacity gain over baseline (2-symbol CORESET on s2+s3) 
· Regarding option1-2 
· In scenario2, R18 Enh with advanced receiver supporting CE2+PD2 provides 33.09% PDCCH capacity gain over baseline (1-symbol CORESET on s2) 
· In scenario3, R18 Enh with advanced receiver supporting CE2+PD2 provides 14.14% PDCCH capacity gain over baseline (2-symbol CORESET on s2+s3) 
Observation 3. If gNB punctures DMRS/PDCCH according to CRS REs, when speed = 30km/h
· Regarding option2 
· In scenario1a, R18 Enh with advanced receiver supporting CE3+PD3 provides 69.24% PDCCH capacity gain 
Observation 4. If gNB super-position DMRS/PDCCH and CRS on the collided CRS REs:
· when DCI size=60 bits: 
· In option1-1, for R18 DSS UE with large AL=8/16, the legacy receiver has better PDCCH BLER performance than the advanced receiver supporting PDCCH/DMRS puncturing; but for R18 DSS UE with smaller AL, performance is severely degraded. The PDCCH capacity of the legacy receiver in R18 Enh is smaller than baseline in scenario3 and is 3~7% higher than baseline in scenario2.
· In option2, for R18 DSS UE with large AL=16, the legacy receiver has better PDCCH BLER performance than the advanced receiver supporting PDCCH/DMRS puncturing; for R18 DSS UE with smaller AL, performance is severely degraded; PDCCH capacity of the additional CORESET on s1 is 33.94% of the PDCCH capacity of the legacy CORESET on s2.
· When DCI size increases to 84 bits, the PDCCH BLER performance of the legacy receiver is similar to that of the advanced receiver supporting PDCCH/DMRS puncturing.
· When DCI size increases to 108 bits, the PDCCH BLER performance of the legacy receiver becomes worse than the advanced receiver supporting PDCCH/DMRS puncturing.
Proposal 1: For NR PDCCH configured on the CRS symbol, option1-2 is supported. Specifically,
· DMRS is not mapped on symbols including CRS
· PDCCH on a CRS symbol is transmitted on any REs excluding RE#1/5/9 and PDCCH is punctured according to CRS REs
Proposal 2: For NR PDCCH reception on the CRS symbol, CE2+PD2 is supported. Specifically,
· UE uses the DMRS on the symbol without CRS for CE
· UE assumes that PDCCH transmitted on a CRS symbol is transmitted on any REs of that symbol excluding RE#1/5/9 and PDCCH is punctured according to CRS REs
Appendix A: SINR table
Table 13. SINR CDF table 
	Outage
	SINR
	Outage
	SINR
	Outage
	SINR
	Outage
	SINR
	Outage
	SINR

	[%]
	[dB]
	[%]
	[dB]
	[%]
	[dB]
	[%]
	[dB]
	[%]
	[dB]

	0
	-6.40442
	20
	2.79425
	40
	5.32515
	60
	8.46452
	80
	12.943

	1
	-3.42732
	21
	2.85801
	41
	5.36397
	61
	8.68034
	81
	13.4577

	2
	-2.73312
	22
	2.96939
	42
	5.43266
	62
	8.79338
	82
	14.3336

	3
	-1.01013
	23
	3.1831
	43
	5.53822
	63
	9.02341
	83
	15.054

	4
	-0.18923
	24
	3.22232
	44
	5.7142
	64
	9.4283
	84
	15.1878

	5
	0.034741
	25
	3.26986
	45
	6.03495
	65
	9.79237
	85
	15.5275

	6
	0.376152
	26
	3.44642
	46
	6.09611
	66
	9.98986
	86
	16.6183

	7
	0.66077
	27
	3.54613
	47
	6.16231
	67
	10.1228
	87
	16.7158

	8
	0.98076
	28
	3.6637
	48
	6.24505
	68
	10.3792
	88
	16.9453

	9
	1.08887
	29
	3.75442
	49
	6.40898
	69
	10.5254
	89
	17.0631

	10
	1.31405
	30
	3.85964
	50
	6.75629
	70
	11.0599
	90
	17.4879

	11
	1.59018
	31
	3.96807
	51
	7.27793
	71
	11.2842
	91
	17.6781

	12
	1.72345
	32
	4.1115
	52
	7.39476
	72
	11.3057
	92
	17.8017

	13
	1.86582
	33
	4.42061
	53
	7.5128
	73
	11.5437
	93
	18.2253

	14
	2.0731
	34
	4.50988
	54
	7.53766
	74
	11.6323
	94
	19.1371

	15
	2.28717
	35
	4.60267
	55
	7.67629
	75
	11.8104
	95
	19.6839

	16
	2.42989
	36
	4.76373
	56
	7.78474
	76
	12.0127
	96
	20.2133

	17
	2.54688
	37
	4.875
	57
	7.95191
	77
	12.1603
	97
	20.7157

	18
	2.6264
	38
	4.95254
	58
	8.22622
	78
	12.498
	98
	20.9241

	19
	2.73018
	39
	5.17534
	59
	8.40337
	79
	12.6367
	99
	21.822

	　
	　
	　
	　
	　
	　
	　
	　
	100
	23.3443


Appendix B: PDCCH BLER of option1-1/1-2/2
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	Figure 5 option1-2 scenario2, 30km/h
	Figure 6 option1-2 scenario3, 30km/h
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	Figure 7 option2 scenario1a, 30km/h
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	Figure 8 Option1-1 scenario2, 350km/h
	Figure 9 Option1-1 scenario2, 350km/h
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	Figure 10 Option1-1 scenario3, 350km/h
	Figure 11 Option1-1 scenario3, 350km/h
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	Figure 12 Option1-2 scenario2, 350km/h
	Figure 13 Option1-2 scenario3, 350km/h
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	Figure 15 Option1-1 scenario2(superposition), DCI size=84 bits, 30km/h
	Figure 16 Option1-1 scenario2(superposition), DCI size=108bits, 30km/h

	[image: ]
	[image: ]

	Figure 17 Option2 scenario1a(superposition), DCI size=84 bits, 30km/h
	Figure 18 Option2 scenario3(superposition), DCI size=108 bits, 30km/h


Appendix C: Comparaison
[image: ]
[image: ]
[bookmark: _Ref111227645]Figure 19 Comparison between baseline in scenario3 and R18 Enh in scenario2
Appendix D: Simulation assomptions
Table 14. Link level simulation assumptions
	Parameters
	Values

	Carrier frequency
	2.1 GHz

	SCS
	15 kHz 

	Bandwidth 
	20 MHz, LTE bandwidth equals NR bandwidth

	Channel model
	TDL-C 300,

	Correlation
	Low

	Number of BS antennas
	4 Tx

	Number of UE antennas
	2 Rx

	DCI payload (excluding CRC)
	60 bits 

	Interleaving
	Non-Interleaved

	Precoding
	Precoder cycling per REG bundle

	REG bundle size
	6 PRBs

	CRS
	4 port CRS pattern

	Channel estimation
	practical – companies to report details

	UE speed
	30 kmph ,350 kmph

	Power ratio of LTE-CRS RE/NR PDCCH RE, Power ratio of LTE-CRS RE/NR PDCCH-DMRS RE
	1:1



Table 15. System level simulation assumptions
	Parameters
	Values

	Carrier frequency
	2.1 GHz

	SCS
	15 kHz

	Simulation bandwidth 
	20 MHz 

	BS antenna height
	25 m

	UE height
	1.5m 

	TRP transmit power
	49 dBm 20 MHz

	Scenario
	Urban Macro (500m ISD),

	Device deployment
	80% indoor, 20% outdoor (Uma) 

	UE speeds
	Indoor users: 3km/h

	
	Outdoor users (in-car): 30 km/h

	BS noise figure
	5 dB

	BS antenna element gain
	8 dBi

	UE noise figure
	9 dB

	Thermal noise level
	-174 dBm/Hz

	Traffic geometry
	Full Buffer 

	Macro sites
	19

	Downtilt
	102° or according to Scenario

	Minimum BS to UE distance
	35m
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