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Introduction

The following agreements were made on the DSS (Dynamic spectrum sharing) in RAN#109-e meeting [1]:
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)

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

Agreement
LLS simulations assumptions, [] are optional:

	Parameters
	Values

	Carrier frequency
	2 GHz

	SCS
	15 kHz 

	Bandwidth 
	20 MHz [5, 10 MHz], LTE bandwidth equal or smaller than NR

	Channel model
	TDL-C 300, [TDL-A 300]

	Correlation
	Low

	Number of BS antennas
	4 Tx, (M,N,P,Mg,Ng;Mp,Np)= (1,2,2,1,1;1,1),
[2 Tx, (M,N,P,Mg,Ng;Mp,Np)= (1,1,2,1,1;1,1).]

	Number of UE antennas
	2 Rx (M,N,P,Mg,Ng;Mp,Np)= (1,1,2,1,1;1,1)

	DCI payload (excluding CRC)
	60 bits [50bits]

	Interleaving
	Non-Interleaved, [Interleaved]

	Precoding
	Precoder cycling per REG bundle

	REG bundle size
	6 PRBs

	CRS
	single 4 port CRS pattern, [additional 4 port CRS pattern]

	Channel estimation
	practical – companies to report details

	UE speed
	30 kmph [3kmph, 120 kmph, 350 kmph]

	Power ratio of LTE-CRS RE/NR PDCCH RE, Power ratio of LTE-CRS RE/NR PDCCH-DMRS RE
	Companies to report (if applicable)



Agreement 
SLS simulations assumptions, [] are optional:

	Parameters
	Values

	Carrier frequency
	2.1 GHz

	SCS
	15 kHz

	Simulation bandwidth 
	20 MHz [5, 10 MHz]，same as that in LLS

	BS antenna height
	25 m

	UE height
	1.5m 

	TRP transmit power
	49 dBm 20 MHz

	Scenario
	Urban Macro (500m ISD), [Rma (1732m 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

	KPI
	Companies to report (e.g., total PDCCH capacity, PDCCH coverage/outage, Potential degradation of LTE, whether and how to achieve coexistence with legacy UEs)

	Others
	Companies to report (e.g., fraction of LTE UEs, fraction of Rel-18 DSS NR UEs, etc.). Companies to report considered baseline(s). Baseline(s) aim(s) to be comparable to the evaluated option(s)



In this contribution, we discuss the performance of different PDCCH and PDCCH DMRS schemes. Simulation results of different scenarios are also provided. 
Discussion and evaluation
DMRS patterns
In this section, we discuss the following question: If enabling LTE CRS to puncture NR PDCCH based on the work item, how to deal with corresponding DMRS (Demodulation Reference Signal), i.e., puncturing or defining new DMRS pattern?
[bookmark: _GoBack]We evaluate following schemes with Scenario#2 defined in RAN#109-e meeting [1] to investigate above questions:
· Baseline (baseline)：The CORESET (Control Resource Set) for NR PDCCH locates at sym1 (symbol#1) and sym2 (symbol#2) without LTE CRS.

· Scheme#1 (RE-punc): The CORESET locates at sym1 and sym2 while LTE CRS locates at sym0 and sym1 (4-port CRS), and NR PDCCH overlaps with LTE CRS at sym1. If NR PDCCH and corresponding DMRS conflict with LTE CRS, both NR PDCCH and DMRS will be punctured. On the other hand, UE will not receive NR PDCCH and DMRS on conflicting REs, as shown in Figure 2-1(a). The channel estimation is performed only with the received DMRS on non-conflicting REs.

· Scheme#2 (Clean-sym): Same as scheme 1, CORESET locates at sym1 and sym2 while LTE CRS locates at sym0 and sym1, and NR PDCCH overlaps with LTE CRS at sym1. If NR PDCCH conflicts with LTE CRS, NR PDCCH will be punctured on the conflicting REs. Besides, no PDCCH DMRS is expected on the symbol overlapping with LTE CRS, as shown in Figure 2-1(b). That is to say, the UE only receives PDCCH DMRS on a clean symbol without LTE CRS. 

· Scheme#3 (RE-punc + legacy CE): Same as scheme 1, CORESET locates at sym1 and sym2 while LTE CRS locates at sym0 and sym1, and NR PDCCH overlaps with LTE CRS at sym1. If NR PDCCH and corresponding DMRS conflict with LTE CRS, NR PDCCH will be punctured. The UE performs channel estimation (CE) based on the legacy DMRS pattern. In this way, the UE receives “DMRS” according to DMRS pattern, even though the gNB does not transmit DMRS on conflicting REs.
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Figure 2-1(a) scheme#1(RE-punc)
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Figure 2-1(b) scheme#2 (Clean-sym)

Figure 2-2 provides the BLER performance of above four schemes with different ALs and UE speeds. Detailed parameters can be found in Appendix (Table 5-1).
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[bookmark: _Hlk111127391]Figure 2-2 The performance of NR PDCCH with different schemes with 30km/h 

It can be observed that scheme#3 performs the worst among the four schemes. As the interference signals on conflicting REs destroy the channel estimation accuracy, the decoding performance of NR PDCCH will be degraded accordingly. Besides, scheme#1 and scheme#2 perform slightly worse than baseline. Around 0.91dB and 1.03dB performance loss can be observed for scheme#1 and scheme#2 respectively when AL16 is used.  When smaller AL is adopted, i.e., at a relative high SNR point, the performance loss is enlarged. However, scheme#2 outperforms scheme#1 when the channel condition is relative good. For example, 1.74dB performance loss can be observed at AL2 for scheme#1 while only 1.43dB performance loss is observed at AL2 for scheme#2. The reason is that lower ALs with higher code rate is more sensitive to available REs for PDCCH transmission. Fortunately, scheme#2 offers more REs (the REs for legacy DMRS without CRS) for PDCCH on the symbol with LTE CRS. Accordingly, a lower code rate can be achieved by scheme#2. It is worth noticed that with higher ALs, scheme#2 performs only slightly worse than scheme#1.
Observation 1: Scheme#3 where the UE receives “NR PDCCH DMRS” on the REs overlapping with LTE CRS REs performs the worst among the investigated four schemes.
Observation 2：Scheme#1 and scheme#2 perform only slightly worse than the baseline.
Observation 3：Scheme#2 outperforms scheme#1 when the channel condition is relative good with smaller ALs, while scheme#2 performs only slightly worse than scheme#1 with higher ALs.
As discussed above, scheme#1 and scheme#2 are comparable from the performance point of view. Whereas, scheme#2 has better performance for PDCCH candidates with small ALs. Typically, lower ALs have a higher proportion in actual communication systems, as Figure 2-3 shows. Detailed parameters can be found in Appendix (Table 5-2). 
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Figure 2-3 Illustration of downlink SINR distribution

It can be observed that there is only 9% UEs in the network requires a AL16 PDCCH candidate. In this case, AL16 is rarely needed. The percentages of UEs requiring a AL4 PDCCH candidate and a AL2 PDCCH candidate are 22% and 46%, respectively. Accordingly, we can conclude that lower ALs requiring a relative high SNR have a higher proportion in actual communication systems.
Observation 4: Lower ALs (AL2&AL4) have a higher proportion in actual communication systems.
On the other hand, scheme #1 introduces more DMRS patterns. For example, if a four-port CRS is configured, the DMRS pattern on sym1 may vary with v-shift, e.g., the patterns may include: {1,5}, {5,9}, {1,9}. Irregular DMRS patterns will increase the implementation complexity of UEs. Based on the above discussion, we believe that the DMRS pattern of scheme#2 is more suitable if PDCCH transmission is enabled on symbols with CRS.
From the above analysis from the perspectives of performance, application scenarios and implementation complexity among investigated four schemes, we have the following proposals:
Proposal 1: The Rel-18 UE does not expect to receive NR PDCCH DMRS on the REs overlapping with LTE CRS REs.
 Proposal 2:  PDCCH DMRS is only transmitted on clean symbols without CRS if a CORESET collides with LTE CRS.

1.1 Coexistence of Rel-18 UEs and legacy UEs
For CSS sets, such as Type0&Type0A&Type1&Type2-PDCCH CSS sets, they are cell-specific which can be monitored by both Rel-18 and legacy (Rel-15/16/17) UEs. Rel-18 UEs can support PDCCH reception on symbols with CRS while legacy UEs can’t. Accordingly, we do not support the feature of PDCCH reception on symbols with CRS for Rel-18 UEs configured with above CSS sets. 
Proposal 3: UE drops the PDCCH candidates in Type-0/0A/1/2-PDCCH CSS sets colliding with LTE CRS.

1.2 Two overlapping CRS rate matching patterns for PDCCH
Another issue that needs to be clarified is the behavior of PDCCH transmission if a NR UE is configured with two CRS-RM (rate matching) patterns. According to the objective of work item, the NR PDCCH can be received on CORESETs overlapping with LTE CRS REs, and the conflicting REs can be punctured by CRS. However, it is unclear whether the configured two CRS can puncture the NR PDCCH, or only one CRS is applicable for PDCCH puncturing. Generally speaking, if enabling two CRS to puncture NR PDCCH, the performance of PDCCH may be severely degraded. 
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Figure 2-4: Scenario of PDCCH on symbols with two CRS-RM patterns (two 4-port CRS)

One example is shown in Figure 2-4, wherein only 4 REs are left for PDCCH transmission within an RB on sym1 containing CRS if two 4-port CRS are configured. To be specific, 1/3 DCI bits are lost if the PDCCH occupies sym1 and sym2. 
One solution is that if configured with two CRS-RM patterns, NR PDCCH reception on symbols with LTE CRS is not supported. Whereas, the number of punctured RE according to two LTE CRS patterns may be same as that of single LTE CRS pattern. One example is shown in figure 2-5. Therefore, the NR PDCCH still be available on sym1 and sym2. In this way, a scaling factor can be defined to determine whether the PDCCH reception is available on symbols with LTE CRS. The scaling factor can be defined as the proportion of CRS REs within an RB.
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Figure 2-5: Scenario of PDCCH on symbols with two CRS-RM patterns (one 4-port CRS & one 1-port CRS)
Proposal 4: A scaling factor is defined to determine whether to receive PDCCH on CORESETs overlapping with two LTE CRS patterns.

Conclusion
According to the above discussions, we have the following observations and proposals:
Observation 1: Scheme#3 where the UE receives “NR PDCCH DMRS” on the REs overlapping with LTE CRS REs performs the worst among the investigated four schemes.
Observation 2：Scheme#1 and scheme#2 perform only slightly worse than the baseline.
Observation 3：Scheme#2 outperforms scheme#1 when the channel condition is relative good with smaller ALs, while scheme#2 performs only slightly worse than scheme#1 with higher ALs.
Observation 4: Lower ALs (AL2&AL4) have a higher proportion in actual communication systems.
Proposal 1: The Rel-18 UE does not expect to receive NR PDCCH DMRS on the REs overlapping with LTE CRS REs.
 Proposal 2:  PDCCH DMRS is only transmitted on clean symbols without CRS if a CORESET collides with LTE CRS.
Proposal 3: UE drops the PDCCH candidates in Type-0/0A/1/2-PDCCH CSS sets colliding with LTE CRS.
Proposal 4: A scaling factor is defined to determine whether to receive PDCCH on CORESETs overlapping with two LTE CRS patterns.

References
[1] RAN1 Chair’s Notes of 3GPP TSG RAN WG1 #109-e e-Meeting, May 9th – 20th, 2022.

Appendix
Table 5-1 Link-level simulation parameters for NR PDCCH
	[bookmark: _Hlk107492836]Parameters
	Values

	Carrier frequency
	2 GHz

	SCS
	15 kHz 

	Bandwidth 
	20 MHz (106 RBs)

	Channel model
	TDL-C 300

	Correlation
	Low

	Number of BS antennas
	4 Tx, (M,N,P,Mg,Ng;Mp,Np)= (1,2,2,1,1;1,1),

	Number of UE antennas
	2 Rx (M,N,P,Mg,Ng;Mp,Np)= (1,1,2,1,1;1,1)

	DCI payload (excluding CRC)
	60 bits

	Interleaving
	Non-Interleaved

	Precoding
	Precoder cycling per REG bundle

	REG bundle size
	6 PRBs

	CRS
	single 4 port CRS pattern

	Channel estimation
	MMSE

	UE speed
	30 kmph 




Table 5-2 System-level simulation parameters for NR PDCCH

	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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