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1 Introduction

In RAN1#109e meeting, the following agreements were agreed for evaluating PDCCH reception in symbols with LTE CRS REs [1]. In addition, two proposals based on the email discussion for clarification of evaluation assumption and template for collecting evaluation results are also listed below [2].
	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 such 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

· 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




Proposal#1:

	Scenario
	Baseline
	Rel-18 enhancement
	Companies to report one or more of following (examples): 

	#1A
	s0: reserved for LTE

s1: reserved for LTE

s2: NR PDCCH (any legacy NR UE)

s3-13: reserved for NR PDSCH

baseline-2 (optional):

s0: reserved for LTE

s1: reserved for LTE

s2+s3: NR PDCCH (NR UE FG 22-12), only s2 for legacy NR UEs not supporting FG22-12
	s0: reserved for LTE

s1: NR PDCCH (only Rel18 UE)

s2: NR PDCCH (any NR UE)

s3-13: reserved for NR PDSCH

for baseline-2:

s0: reserved for LTE

s1: NR PDCCH (only Rel18 UE)

s2+s3: NR PDCCH (NR UE FG 22-12), only s2 for any NR UEs not supporting FG22-12
	1. NR PDCCH capacity for due to improvement of Rel-18 enhancement compared to and baseline, and relative gain

2. NR PDCCH coverage/outage due to Rel-18 enhancement

3. Potential degradation of LTE due to Rel-18 enhancement compared to baseline 

4. Whether and how to achieve coexistence with legacy UEs

5. Assumptions on: Fraction of LTE UEs, Receiver for PDCCH and DMRS (pls. note baseline receiver assumptions from RAN1#109-e agreements), capacity calculation methodology if LTE bandwidth<NR bandwidth, CORESET configurations and blocking between legacy NR PDCCH and Rel18 enhancement PDCCH, CORESET#0 handling

	#2
	s0: reserved for LTE
s1: reserved for LTE

s2: NR PDCCH (any legacy NR UE)

s3-13: reserved for NR PDSCH
	s0: reserved for LTE

s1+s2: NR PDCCH (only Rel18 UE)

s2: NR PDCCH (any NR UE)

s3-13: reserved for NR PDSCH
	1. NR PDCCH capacity for due to improvement of Rel-18 enhancement compared to and baseline, and relative gain

2. NR PDCCH coverage/outage due to Rel-18 enhancement

3. Potential degradation of LTE due to Rel-18 enhancement compared to baseline 

4. Whether and how to achieve coexistence with legacy UEs

5. Assumptions on: Fraction of LTE UEs, Receiver for PDCCH and DMRS (pls. note baseline receiver assumptions from RAN1#109-e agreements), capacity calculation methodology if LTE bandwidth<NR bandwidth, CORESET configurations and blocking between legacy NR PDCCH and Rel18 enhancement PDCCH, CORESET#0 handling

	#3
	s0: reserved for LTE

s1: reserved for LTE

s2-3: NR PDCCH (NR UE FG22-12)

s4-13: reserved for NR PDSCH
	s0: reserved for LTE

s1+s2+s3: NR PDCCH (only Rel18 UE)

s2+s3: NR PDCCH (NR UE FG22-12)

s4-13: reserved for NR PDSCH
	1. NR PDCCH capacity for due to improvement of Rel-18 enhancement compared to and baseline, and relative gain

2. NR PDCCH coverage/outage due to Rel-18 enhancement

3. Potential degradation of LTE due to Rel-18 enhancement compared to baseline 

4. Whether and how to achieve coexistence with legacy UEs

5. Assumptions on: Fraction of LTE UEs, Receiver for PDCCH and DMRS (pls. note baseline receiver assumptions from RAN1#109-e agreements), capacity calculation methodology if LTE bandwidth<NR bandwidth, CORESET configurations and blocking between legacy NR PDCCH and Rel18 enhancement PDCCH, CORESET#0 handling


Proposal#2:

Companies are encouraged to use the following results collection template (e.g., 4 such tables- one each for scenario #1A, scenario #1A baseline-2, scenario-2 and scenario-3) 

Note: Link-level performance results (e.g., those used for estimating PDCCH capacity) can be provided in a separate table

	source#
	assumptions (column#4, bullet#5 in Proposal#1)
	KPI-1 (e.g. column#4, bullet#1 in Proposal#1)
	KPI-2 (e.g. column#4, bullet#2 in Proposal#1)
	KPI-3 (e.g. column#4, bullet#3 in Proposal#1)
	KPI-4 (e.g. column#4, bullet#4 in Proposal#1)

	source-1
	
	
	
	
	

	source-1
	
	
	
	
	

	source-2
	
	
	
	
	


In this contribution, we provide some analysis and evaluations on PDCCH reception in symbols with LTE CRS REs and also provide our views on the potential specification impact.
2 Analysis of the Option 1-1/1-2/2
As specified in TS 38.213 [3], when one RE of a NR PDCCH candidate overlaps with at least one RE of LTE CRS, a UE will not monitor the whole PDCCH candidate in Rel-17.

	If at least one RE of a PDCCH candidate for a UE on the serving cell overlaps with at least one RE of lte-CRS-ToMatchAround, or of LTE-CRS-PatternList, the UE is not required to monitor the PDCCH candidate.

......

When precoderGranularity = allContiguousRBs, a UE does not expect 

-
to be configured a set of resource blocks of a CORESET that includes more than four sub-sets of resource blocks that are not contiguous in frequency

-
any RE of a CORESET to overlap with any RE determined from lte-CRS-ToMatchAround, or from LTE-CRS-PatternList, or with any RE of a SS/PBCH block.


In the RAN1#109-e meeting, Option 1-1/1-2/2 were proposed as the candidate solutions along with some simulation assumptions agreed to evaluate the performance of PDCCH reception in symbols with LTE CRS REs. Figure 1 depicts the three options below, assuming LTE and NR are synchronized in the symbol boundary and the number of LTE CRS ports is 4. Only the first symbol is occupied by LTE PDCCH, PHICH and PCFICH, and symbol 1 and symbol 2 are allocated to NR PDCCH. As shown in Figure 1, our perception of the three options is summarized below. 

· Option 1-1: On the OFDM symbol colliding with LTE-CRS (i.e., symbol 1), NR-PDCCH or NR-PDCCH-DMRS is punctured on REs colliding with LTE-CRS, and it’s up to NW implementation about the transmission on DMRS REs not overlapping with LTE-CRS. Only the DMRS REs in symbol 2 is used for channel estimation. Compared to the legacy (i.e., one symbol NR PDCCH on symbol 2 only), additional 6 REs per PRB can be used for NR PDCCH. UE can also enjoy legacy receiver for channel estimator operated on clean DMRS symbol only. 
· Option 1-2: On the OFDM symbol colliding with LTE-CRS (i.e., symbol 1), NR-PDCCH or NR-PDCCH-DMRS is punctured on REs colliding with LTE-CRS, and NR PDCCH is also rate matched on the DMRS REs not overlapping with LTE-CRS in symbol 1, which requires a new NR PDCCH rate matching mechanism. Only the DMRS REs in symbol 2 is used for channel estimation. The performance gain of Option 1-2 is questionable considering power boosting can be applied to NR PDCCH in symbol 1 if the DMRS REs are not used for any transmission. In addition, it increases the complexity of both UE and gNB for implementing the new rate matching procedure. Most importantly, we think it is also out of scope as the WI intends to only investigate enabling LTE CRS to puncture NR PDCCH.
· Option 2: On the OFDM symbol colliding with LTE-CRS (i.e., symbol 1), NR-PDCCH or NR-PDCCH-DMRS is transmitted on REs not colliding with LTE-CRS, and the NW may puncture the NR PDCCH/PDCCH DMRS by LTE-CRS, or may superposition the two. Both legacy receiver and advanced receiver can be assumed. 
· Legacy receiver: A UE may not aware the puncturing, or aware by the UE but process as legacy (Receiver does not puncture DMRS). We found that the NR PDCCH performance cannot be guaranteed by using legacy receiver and therefore the results in section 3 only provides that of using advanced receiver. 
· Advanced receiver: Both the 2 DMRS REs in symbol 1 and the 3 DMRS REs in symbol 2 are used for channel estimation, which may lead to better performance while also increased UE complexity. 
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Figure 1. RE mapping of NR PDCCH and NR PDCCH DMRS with LTE CRS for Option 1-1/1-2/2

Based on above summary, Option 1-2 is not preferred because it is out of WI scope and the complexity on both gNB and UE side would be increased without offering clear performance gain. Option 1-1 has the minimum impact on both gNB and UE side while it expects Option 2 can provide better performance if advanced receiver is assumed. As a result, only Option 1-1 and Option 2 are evaluated in section 3. 

Observation 1: Option 1-2 is out of WI scope and the complexity on both gNB and UE side would be increased without offering clear performance gain. 

Proposal 1: Option 1-2 is not considered for PDCCH reception in symbols with LTE CRS REs.
3 Evaluation Results of Option 1-1 and Option 2
In order to verify whether there is clear performance gain or not for allowing NR PDCCH reception in symbols with LTE CRS REs, the procedures for calculating the PDCCH capacity are proposed and evaluation results are provided in this section. The simulation is jointly conducted by ZTE and China Mobile Group Guangdong Co., Ltd.
3.1 Procedures for calculating PDCCH capacity gain
To obtain more aligned evaluation results, a common used way to derive the performance metric is necessary. In the following, the procedures for calculating the PDCCH capacity are provided. 
· Step1: Perform system level simulation to derive geometry results based on the agreed SLS assumptions. Our results are provided in Fig. A-1 in the appendix. 

· Step2: Perform link level simulation to derive the BLER-SNR results for PDCCH based on the agreed LLS assumptions for Rel-18 enhancement PDCCH and legacy NR PDCCH. Our results are provided in Fig. A-2, Fig. A-3 and Fig. A-4. 
· Step3: Calculate the probability of each aggregation level targeting 10^-2 BLER based on the simulation results in Step1 and Step2, and then calculate the average number of CCEs for Rel-18 NR PDCCH (denoting as X) and legacy NR PDCCH (denoting as Y) respectively. 
· Step4: the capacity gain is 
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, where A, B, C is the available CCEs configured for Rel-18 NR PDCCH of ‘Rel-18 enhancement’, legacy NR PDCCH of ‘Rel-18 enhancement’ and legacy NR PDCCH of ‘baseline (legacy)’ respectively. 
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Figure 2. Examples for LTE PDCCH and NR PDCCH resource configuration

Three examples are shown in Figure 2 below. For the example for scenario#1A, one PDCCH symbol with the whole BW is configured for the baseline (legacy) scenario. For Rel-18 enhancements scenario, two OFDM symbols with the whole BW are configured for NR PDCCH transmission, where symbol 1 is for Rel-18 NR PDCCH and symbol 2 is for legacy NR PDCCH. Therefore, the capacity gain is 
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 considering A:B:C=1:1:1. For the example#1 for Scenario#2, one PDCCH symbol with the whole BW is configured for the baseline (legacy) scenario. For Rel-18 enhancements scenario, two OFDM symbols with the whole BW are configured for Rel-18 NR PDCCH transmission. Therefore, the capacity gain is 
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 considering A:B:C=2:0:1. For the example#2 for Scenario#2, the baseline configuration is the same as example 1. For Rel-18 enhancements scenario, a two-symbol CORESET with only half of the BW is configured for Rel-18 NR PDCCH while only one symbol with another half of the BW is configured for legacy NR PDCCH. In this case, A:B:C=2:1:2. Then, the PDCCH capacity gain can also be easily derived based on the equation in Step 4. 
Proposal 2: Adopt the following procedures to calculate the PDCCH capacity. 
· Step1: Perform system level simulation to derive geometry results based on the agreed SLS assumptions. 

· Step2: Perform link level simulation to derive the BLER-SNR results for PDCCH based on the agreed LLS assumptions for Rel-18 enhancement PDCCH and legacy NR PDCCH.
· Step3: Calculate the probability of each aggregation level targeting 10^-2 BLER based on the simulation results in Step1 and Step2, and then calculate the average number of CCEs for Rel-18 NR PDCCH (denoting as X) and legacy NR PDCCH (denoting as Y) respectively. 
· Step4: the capacity gain is 
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, where A, B, C is the available CCEs configured for Rel-18 NR PDCCH of ‘Rel-18 enhancement’, legacy NR PDCCH of ‘Rel-18 enhancement’ and legacy NR PDCCH of ‘baseline (legacy)’ respectively. 

3.2 Evaluation results of PDCCH capacity gain
In RAN1#109e meeting, Scenario 1A, Scenario 2 and Scenario 3 are agreed as three typical configuration with different number of OFDM symbols as follows. 

· 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
Scenario 1A is only for Rel-18 enhancement PDCCH. Scenario 2 and scenario 3 are similar with each other, wherein PDCCH for legacy UE can be monitored in the symbols without overlapped with CRS, and the only difference between the two scenarios is that there is one more clean symbol in Scenario 3 than Scenario 2. Based on above, simulation results for the first two scenarios are provided. The simulation assumptions are listed in Appendix Table A-1 and Table A-2.

As shown in Table 1, the average CCE of Baseline is smaller than that of the Option 2 in Scenario 1A. Because in Option 2, the PDCCH REs and PDCCH DMRS REs overlapped with CRS are punctured which decrease the channel estimation result as well as the link level performance. The probability of using large aggregation level such as AL8 or AL16 is therefore increased, and as a result that the average CCE is also increased.
Table 1. Average CCE for Scenario#1A
	-
	Baseline
	Option 2 with advanced receiver

	
	AL1
	AL2
	AL4
	AL8
	AL16
	AL1
	AL2
	AL4
	AL8
	AL16

	SNR of targeting 10^-2 BLER(dB)
	10.63
	3.62
	-1.21
	-4.74
	-7.63
	18.49
	6.54
	1.01
	-2.74
	-5.55

	Probability of using a certain AL (%) 
	21%
	32%
	33%
	12%
	2%
	7%
	29%
	34%
	22%
	8%

	Average CCE
	3.45
	5.05


Note: the Baseline means the PDCCH for legacy UE in a clean symbol without CRS.
In Table 2, the average CCE is provided for Scenario 2. It is observed that the average CCE of Baseline is smaller than that of the Option 1-1/2 in Scenario 2. Similarly, this is because NR PDCCH REs and PDCCH DMRS REs are punctured in case of collision with CRS. In addition, the average CCE of Option 2 is smaller than that of Option 1-1 because more PDCCH DMRS REs are used in Option 2 than Option 1-1. That is, all DMRS REs on overlapping symbol are not used for channel estimation in Option 1-1, while advanced receiver is assumed in Option 2, for which a UE uses all DMRS REs not overlapping with LTE-CRS for channel estimation.     
Table 2. Average CCE for Scenario#2
	-
	Baseline
	Option 1-1
	Option 2 with advanced receiver

	
	AL1
	AL2
	AL4
	AL8
	AL16
	AL1
	AL2
	AL4
	AL8
	AL16
	AL1
	AL2
	AL4
	AL8
	AL16

	SNR of targeting 10^-2 BLER(dB)
	10.63
	3.62
	-1.21
	-4.74
	-7.63
	15.12
	5.70
	0.57
	-3.24
	-6.45
	15.07
	5.34
	0.23
	-3.73
	-6.71

	Probability of using a certain AL (%) 
	21%
	32%
	33%
	12%
	2%
	12%
	28%
	35%
	20%
	5%
	12%
	30%
	34%
	20%
	4%

	Average CCE
	3.45
	4.48
	4.32


Note1: the Baseline means the PDCCH for legacy UE in a clean symbol without CRS.
As a result, PDCCH capacity gains for Scenario 1A and Scenario 2 are summarized in Table 3 and Table 4 respectively.
Table 3. KPI and assumptions for Scenario#1A

	source#
	assumptions (column#4, bullet#5 in Proposal#1)
	KPI-1: PDCCH capacity gain
	KPI-2: Potential degradation of LTE due to Rel-18 enhancement compared to baseline 
	KPI-3: Whether and how to achieve coexistence with legacy UEs

	ZTE
	(1) Fraction of LTE UEs: For baseline, both symbol#0 and symbol#1 are configured for LTE PDCCH, and symbol#2 is configured for NR PDCCH. For Rel-18 enhancements, symbol#0 is configured for LTE PDCCH, while symbol#1 for NR Rel-18 PDCCH and symbol#2 for NR legacy PDCCH.

(2) Receiver for PDCCH and DMRS: Option 2 advanced receiver. 
(3) Assume LTE bandwidth is equal to NR bandwidth.
(4) CORESET configuration is shown below. 
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	68.32%, where A:B:C=1:1:1
	50% decrease for LTE PDCCH capacity
	TDMed in different OFDM symbols


Table 4. KPI and assumptions for Scenario#2

	source#
	assumptions (column#4, bullet#5 in Proposal#1)
	KPI-1: PDCCH capacity gain
	KPI-2: Potential degradation of LTE due to Rel-18 enhancement compared to baseline 
	KPI-3: Whether and how to achieve coexistence with legacy UEs

	ZTE
	(1) Fraction of LTE UEs: -

(2) Receiver for PDCCH and DMRS: Option 1-1 or Option 1-2

(3) Irrelevant to ‘LTE bandwidth vs NR bandwidth’. The equation to calculate the PDCCH capacity gain is applicable to both LTE bandwidth the same or smaller than NR bandwidth. 
	
[image: image8.wmf](

)

%

100

*

/

/

/

/

Y

C

Y

C

Y

B

X

A

-

+


	-
	TDMed or FDMed

	ZTE
	(1) Fraction of LTE UEs: For baseline, both symbol#0 and symbol#1 are configured for LTE PDCCH, and symbol#2 is configured for NR PDCCH. For Rel-18 enhancements, symbol#0 is configured for LTE PDCCH, while symbol#1 and symbol#2 are configured for NR Rel-18 PDCCH.

(2) Receiver for PDCCH and DMRS: Option 1-1
(3) Assume LTE bandwidth is equal to NR bandwidth.
(4) CORESET configuration is shown below.
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	54.02%, where A:B:C=2:0:1
	50% decrease for LTE PDCCH capacity
	TDMed in different OFDM symbols

	ZTE
	(1) Fraction of LTE UEs: For baseline, both symbol#0 and symbol#1 are configured for LTE PDCCH, and symbol#2 is configured for NR PDCCH. For Rel-18 enhancements, symbol#0 is configured for LTE PDCCH, while symbol#1 and symbol#2 are configured for NR PDCCH.

(2) Receiver for PDCCH and DMRS: Option 1-1
(3) Assume LTE bandwidth is equal to NR bandwidth.
(4) CORESET configuration is shown below.
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	27.01%, where A:B:C=2:1:2
	50% decrease for LTE PDCCH capacity
	FDMed on different PRBs

	ZTE
	(1) Fraction of LTE UEs: For baseline, both symbol#0 and symbol#1 are configured for LTE PDCCH, and symbol#2 is configured for NR PDCCH. For Rel-18 enhancements, symbol#0 is configured for LTE PDCCH, while symbol#1 and symbol#2 are configured for NR Rel-18 PDCCH.

(2) Receiver for PDCCH and DMRS: Option 2 advanced receiver
(3) Assume LTE bandwidth is equal to NR bandwidth.
(4) CORESET configuration is shown below. 
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	59.72%, where A:B:C=2:0:1
	50% decrease for LTE PDCCH capacity
	TDMed in different OFDM symbols

	ZTE
	(1) Fraction of LTE UEs: For baseline, both symbol#0 and symbol#1 are configured for LTE PDCCH, and symbol#2 is configured for NR PDCCH. For Rel-18 enhancements, symbol#0 is configured for LTE PDCCH, while symbol#1 and symbol#2 are configured for NR PDCCH.

(2) Receiver for PDCCH and DMRS: Option 2 advanced receiver
(3) Assume LTE bandwidth is equal to NR bandwidth.
(4) CORESET configuration is shown below.
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	29.86%, where A:B:C=2:1:2
	50% decrease for LTE PDCCH capacity
	FDMed on different PRBs


Based on above, we have the following observations. 
Observation 2: For Scenario 1A, the following is observed. 
· NR PDCCH capacity gain is 68.32% for Option 2, in case of example for Scenario 1A with A:B:C=1:1:1.
· LTE PDCCH capacity is decreased by 50%. 
Observation 3: For Scenario 2, the following is observed for the two examples shown in Figure 1. 

· NR PDCCH capacity gain is 54.02%% and 59.72% for Option 1-1 and Option 2, in case of example#1 for Scenario#2 with A:B:C=2:0:1.
· NR PDCCH capacity gain is 27.01% and 29.86% for Option 1-1 and Option 2, in case of example#2 for Scenario#2 with A:B:C=2:1:2.
· LTE PDCCH capacity is decreased by 50%.
· Note, A, B, C is the available CCEs for Rel-18 NR PDCCH of ‘Rel-18 enhancement’, legacy NR PDCCH of ‘Rel-18 enhancement’ and legacy NR PDCCH of ‘baseline (legacy)’ respectively. 
Considering Option 1-1 could provide similar performance gain with less complexity on UE receiver, we propose to adopt Option 1-1 for PDCCH reception in symbols with LTE CRS REs.
Proposal 3: Option 1-1 is adopted for PDCCH reception in symbols with LTE CRS REs.
4 Proposed TP for Option 1-1
If Option 1-1 is adopted, gNB can configure and mapping the NR PDCCH into the OFDM symbols which are collided with LTE CRS. Below is a text proposal for Option 1-1 based the existing TS 38.213 [3].  
TP#1 for Clause 10 of TS 38.213. 
	10
UE procedure for receiving control information
 <unchanged parts omitted>
If at least one RE of a PDCCH candidate for a UE on the serving cell overlaps with at least one RE of lte-CRS-ToMatchAround, or of LTE-CRS-PatternList, the UE is not required to monitor the PDCCH candidate if the UE doesn’t report [PdcchReceptionOnLte-crsSymbol], or the UE monitors the PDCCH candidate otherwise.

<unchanged parts omitted>

10.1
UE procedure for determining physical downlink control channel assignment

 <unchanged parts omitted>

When precoderGranularity = allContiguousRBs, a UE does not expect 

-
to be configured a set of resource blocks of a CORESET that includes more than four sub-sets of resource blocks that are not contiguous in frequency

-
any RE of a CORESET to overlap with any RE determined from lte-CRS-ToMatchAround, or from LTE-CRS-PatternList if the UE doesn’t report [PdcchReceptionOnLte-crsSymbol], or with any RE of a SS/PBCH block.

<unchanged parts omitted>


Proposal 4: Adopt TP#1 above for PDCCH reception in symbols with LTE CRS REs.
5 Conclusion
In this contribution, we discuss the NR PDCCH with LTE CRS overlapping, and we have the following observation and proposal:

Observation 1: Option 1-2 is out of WI scope and the complexity on both gNB and UE side would be increased without offering clear performance gain. 

Proposal 1: Option 1-2 is not considered for PDCCH reception in symbols with LTE CRS REs.
Proposal 2: Adopt the following procedures to calculate the PDCCH capacity. 
· Step1: Perform system level simulation to derive geometry results based on the agreed SLS assumptions. 

· Step2: Perform link level simulation to derive the BLER-SNR results for PDCCH based on the agreed LLS assumptions for Rel-18 enhancement PDCCH and legacy NR PDCCH.
· Step3: Calculate the probability of each aggregation level targeting 10^-2 BLER based on the simulation results in Step1 and Step2, and then calculate the average number of CCEs for Rel-18 NR PDCCH (denoting as X) and legacy NR PDCCH (denoting as Y) respectively. 
· Step4: the capacity gain is 
[image: image13.wmf](

)

%

100

*

/

/

/

/

Y

C

Y

C

Y

B

X

A

-

+

, where A, B, C is the available CCEs configured for Rel-18 NR PDCCH of ‘Rel-18 enhancement’, legacy NR PDCCH of ‘Rel-18 enhancement’ and legacy NR PDCCH of ‘baseline (legacy)’ respectively. 

Observation 2: For Scenario 1A, the following is observed. 
· NR PDCCH capacity gain is 68.32% for Option 2, in case of example for Scenario 1A with A:B:C=1:1:1.
· LTE PDCCH capacity is decreased by 50%. 
Observation 3: For Scenario 2, the following is observed for the two examples shown in Figure 1. 

· NR PDCCH capacity gain is 54.02%% and 59.72% for Option 1-1 and Option 2, in case of example#1 for Scenario#2 with A:B:C=2:0:1.
· NR PDCCH capacity gain is 27.01% and 29.86% for Option 1-1 and Option 2, in case of example#2 for Scenario#2 with A:B:C=2:1:2.
· LTE PDCCH capacity is decreased by 50%.
· Note, A, B, C is the available CCEs for Rel-18 NR PDCCH of ‘Rel-18 enhancement’, legacy NR PDCCH of ‘Rel-18 enhancement’ and legacy NR PDCCH of ‘baseline (legacy)’ respectively. 
Proposal 3: Option 1-1 is adopted for PDCCH reception in symbols with LTE CRS REs.

Proposal 4: Adopt TP#1 above for PDCCH reception in symbols with LTE CRS REs.
TP#1 for Clause 10 of TS 38.213. 
	10
UE procedure for receiving control information
 <unchanged parts omitted>
If at least one RE of a PDCCH candidate for a UE on the serving cell overlaps with at least one RE of lte-CRS-ToMatchAround, or of LTE-CRS-PatternList, the UE is not required to monitor the PDCCH candidate if the UE doesn’t report [PdcchReceptionOnLte-crsSymbol], or the UE monitors the PDCCH candidate otherwise.

<unchanged parts omitted>

10.1
UE procedure for determining physical downlink control channel assignment

 <unchanged parts omitted>

When precoderGranularity = allContiguousRBs, a UE does not expect 

-
to be configured a set of resource blocks of a CORESET that includes more than four sub-sets of resource blocks that are not contiguous in frequency

-
any RE of a CORESET to overlap with any RE determined from lte-CRS-ToMatchAround, or from LTE-CRS-PatternList if the UE doesn’t report [PdcchReceptionOnLte-crsSymbol], or with any RE of a SS/PBCH block.

<unchanged parts omitted>
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7 Appendix
Table A-1. Link level simulation assumptions
	Parameters
	Values

	Carrier frequency
	2 GHz

	SCS
	15 kHz 

	Bandwidth 
	20 MHz

	Channel model
	TDL-A

	Delay spread
	300 ns

	UE speed
	30 km/h

	Correlation
	Medium

	Symbols reserved for PDCCH
	Symbol 0 and 1 reserved for LTE PDCCH, symbol 2 reserved for NR PDCCH (NR PDCCH also in symbol 1 for LTE CRS puncturing NR PDCCH)

Symbol 0 and 1 reserved for LTE PDCCH, symbol 1 reserved for NR PDCCH (NR PDCCH also in symbol 1 for LTE CRS puncturing NR PDCCH)

	Number of BS antennas
	4 Tx (Two cross-polarized antenna pairs)

	Number of UE antennas
	2 Rx (One cross-polarized antenna pair)

	Channel estimation
	Practical, DMRS-based channel estimation with separate time and frequency domain filtering. No special handling for punctured REs

	Receiver type
	MMSE

	CRS 
	4 ports CRS

	DCI payload (excluding CRC)
	60 bits

	Interleaving
	Interleaved

	Precoding
	Precoder cycling per REG bundle

	REG bundle size

	6 PRBs


Table A-2. 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) [50% indoor,50% in-car (Rma)]

	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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Fig.A-1. DL geometry in Urban scenario (2.1 GHz)
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Fig.A-2. Link level simulation results for Baseline and Option 2 in Scenario 1A
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Fig.A-3. Link level simulation results for Baseline and Option 1-1 in Scenario 2
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Fig.A-4. Link level simulation results for Baseline and Option 2 in Scenario 2
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