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Introduction
The following agreements were made on the DSS (Dynamic spectrum sharing) in RAN#110 meeting [1]:
Agreement 
If the feature “Reception of NR PDCCH candidates that overlap with LTE CRS REs” is supported, it is RAN1 understanding that the feature is supported by UE performing channel estimation with a regular legacy DMRS pattern in frequency dimension, i.e., no change to UE assumption on PDCCH DMRS RE positions/pattern in a symbol that are used for the purpose of channel estimation.

Agreement
[bookmark: _Hlk114587873]Reception of NR PDCCH candidates that overlap with LTE CRS REs is supported by Rel18 UEs
PDCCH candidates and PDCCH-DMRS RE mapping are based on that of R15 from UE side.
Note: depends on UE capability 
Following options can be used for PDCCH-DMRS channel estimation
· legacy CE assumption 
· RAN1 consider support this, if no RAN4 performance requirements are defined
· CE on clean symbol(s) only (this channel estimation option does not apply for 1 symbol CORESET)

Note: Restriction on the symbols and/or LTE CRS patterns applicable for above agreements can be considered during UE capability session.

Conclusion
RAN1 understands above agreements applies to 15kHz SCS only.

In this contribution, we provide our views on the remaining issues for Rel-18 DSS.
Discussion and evaluation
1.1 Applicable Scenarios
If 4-port CRS is configured, the symbols for LTE CRS within a slot include {symbol#0, symbol#1, symbol#4, symbol#7, symbol#8, symbol#11}. Meanwhile, other LTE reference signals except LTE CRS, e.g., PCFICH and PHICH are transmitted on symbol#0 as well. If NR PDCCH is allowed to be transmitted on the symbols with LTE CRS, the number of clean REs available for NR PDCCH is quite limited on symbol#0. Thus, the NR PDCCH reception on symbol#0 is not preferred.
Proposal 1: UE doesn’t expect to receive NR PDCCH on OFDM symbol#0 if LTE CRS is also transmitted on the same symbol.
Another issue is whether NR PDCCH can be transmitted on the OFDM symbols if each of them contains LTE CRS. Still taking a 4-port CRS as an example, 1/3 REs of the NR PDCCH candidates conflict with LTE CRS REs if the PDCCH candidates locate on symbol#1 or locate on symbol#7&symbol#8. Similarly, the number of clean REs available for NR PDCCH is quite limited, which degrades the transmission performance of both NR PDCCH and LTE CRS. 
Proposal 2: The use cases with the NR PDCCH candidates configured on symbols fully overlapped with LTE CRS are not preferred in Rel-18.
PDCCH reception
It was agreed to support PDCCH reception which collides with LTE CRS RE in RAN1#110 meeting. However, there is no consensus on whether puncturing the NR PDCCH on conflicting REs by LTE CRS. In our understanding, NR PDCCH on REs occupied by LTE CRS suffers severe interference from LTE CRS. The performance of NR PDCCH is degraded significantly. On the other hand, the performance of LTE CRS is also degraded due to interference from NR PDCCH. Similar conclusion has been observed in HW’s tdocs [2]. 
Observation 1: LTE CRS RE puncturing NR PDCCH RE is beneficial to alleviate the negative impacts from LTE CRS.
In order to maintain legacy NR PDCCH structure, receiving NR PDCCH on conflicting REs may be a potential direction [3]. In general, the UE can adopt following options for the reception of NR PDCCH candidates that overlap with LTE CRS REs:
· Option 1: Cancelling the reception of NR PDCCH on REs conflicting with LTE CRS
· Option 2: Legacy PDCCH reception pattern
Considering that the UE needs to determine the PDCCH reception patterns according to the PDCCH transmission, it is suggested to inform the UE whether the NR PDCCH can be transmitted on the conflicting Res by the gNB configuration.  In one alternative, if the gNB determines that transmitting NR PDCCH on conflicting REs may result in severe interference to LTE CRS, or may suffer severe interference from LTE CRS, the gNB may inform the UE about the cancellation of the PDCCH transmission on conflicting REs. In this case, the UE may adopt option 1 to receive the NR PDCCH. In the other alternative, if the gNB judges that the interference is acceptable and inform the UE to transmit the PDCCH following the legacy mapping rules, the UE may adopt option 2 for the NR PDCCH reception accordingly.
Proposal 3: Puncturing the NR PDCCH by LTE CRS is supported in Rel-18.
Proposal 4: It is preferred to inform the UE whether the NR PDCCH can be transmitted on the conflicting REs with the PDCCH candidates overlapped with LTE CRS. 

[bookmark: _Hlk115196651]PDCCH-DMRS channel estimation 
Another issue needs to be clarified is how to handle channel estimation. Two options were agreed during RAN#110 meeting:
· Legacy CE operation
· CE on clean symbol only
Similar to PDCCH reception, if the gNB determines that the BLER performance of NR PDCCH is acceptable with the legacy CE operation, the gNB may inform the UE to transmit the PDCCH DMRS on conflicting REs. In this case, higher AL (Aggregation Level) may be configured to ensure the PDCCH BLER performance. Obviously, legacy CE operation is preferred for UEs. In the other alternative, the UE can choose CE on clean symbol only if the gNB inform the UE to transmit PDCCH DMRS on clean symbols. 
Proposal 5: It is preferred to inform the UE whether the PDCCH DMRS can be transmitted on the symbols with LTE CRS. 
1.2 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 6: The UE is not expected to be configured with PDCCH candidates in Type-0/0A/1/2-PDCCH CSS sets colliding with LTE CRS.

1.3 [bookmark: _Hlk114587722]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. The NR PDCCH can be received on CORESETs overlapping with LTE CRS REs according to the agreement during RAN#110 meeting. However, it is unclear whether the reception is enabled if the UE is configured with two CRS patterns, or only one CRS pattern is applicable for PDCCH reception. Generally speaking, if enabling two CRS to puncture NR PDCCH, the performance of PDCCH may be severely degraded. 
[image: ]
Figure 1: Scenario of PDCCH on symbols with two CRS-RM patterns (two 4-port CRS)

One example is shown in Figure 1, wherein the PDCCH is punctured by LTE CRS. In this case, only 4 clean REs are left for PDCCH transmission within an RB on symbol#1 containing CRS if two 4-port CRS are configured. To be specific, 1/3 DCI bits are lost if the PDCCH occupies symbol#1 and symbol#2. 
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. Therefore, the NR PDCCH still be available on symbol#1 and symbol#2. 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.
[image: ]
Figure 2: Scenario of PDCCH on symbols with two CRS-RM patterns (one 4-port CRS & one 1-port CRS)
Proposal 7: 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: LTE CRS RE puncturing NR PDCCH RE is beneficial to alleviate the negative impacts from LTE CRS.
Proposal 1: UE doesn’t expect to receive NR PDCCH on OFDM symbol#0 if LTE CRS is also transmitted on the same symbol.
Proposal 2: The use cases with the NR PDCCH candidates configured on symbols fully overlapped with LTE CRS are not preferred in Rel-18.
Proposal 3: Puncturing the NR PDCCH by LTE CRS is supported in Rel-18.
Proposal 4: It is preferred to inform the UE whether the NR PDCCH can be transmitted on the conflicting REs with the PDCCH candidates overlapped with LTE CRS. 
Proposal 5: It is preferred to inform the UE whether the PDCCH DMRS can be transmitted on the symbols with LTE CRS. 
Proposal 6: The UE is not expected to be configured with PDCCH candidates in Type-0/0A/1/2-PDCCH CSS sets colliding with LTE CRS.
Proposal 7: A scaling factor is defined to determine whether to receive PDCCH on CORESETs overlapping with two LTE CRS patterns.
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Appendix
The agreements made on the DSS in RAN#109 meeting are listed as follows [4]:
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
	[bookmark: _GoBack]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)
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