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Introduction
In RAN#94-e meeting, a new WI on Enhancement of NR Dynamic spectrum sharing [1] was agreed. One of the objectives of this WI is 
· Study and if needed specify NR PDCCH reception in symbols with LTE CRS REs. [RAN1]
· Investigate enabling LTE CRS to puncture NR PDCCH, including the impact to NR PDCCH DMRS if there is the performance gain from the additional PDCCH resources.
In RAN1#109-e meeting [2], the following agreements were made.
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

In this contribution, we discuss the further enhancement on DSS, especially on LTE CRS puncturing the NR PDCCH REs and give our proposals.
Discussion
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]According to the discussions in RAN1#109-e meeting, the simulation assumptions were agreed to evaluate NR PDCCH performance in case of reception in symbol with LTE CRS REs. We evaluate the PDCCH performance of Option 1-1 with different assumptions, the detailed simulation assumption is in Annex.
Case 1: The baseline PDCCH performance without DSS
Case 2: LTE CRS punctures NR PDCCH and DMRS REs with legacy channel estimation
Case 3: LTE CRS punctures NR PDCCH and DMRS REs with channel estimation on clean symbol
The evaluated results are showing in Figure 1 and table1. 
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[bookmark: _Ref110420654]Figure 1: BLER performance of PDCCH

	Aggregation Level
	SNR (dB)

	
	Case 1
	Case2
	Case3

	16
	-9.8
	-8.9
	-8.3

	8
	-6.8
	-5.9
	-5.2

	4
	-2.2
	-1.2
	-0.6

	2
	2.6
	4.0
	4.4  

	1
	7.5
	10.8
	10.7


Table 1: PDCCH SNR @ 0.01 BLER
With the simulation results, if NR PDCCH and DMRS REs are punctured by LTE CRS, and legacy channel estimation is applied, it’s about 0.9dB SNR loss with higher aggregation levels comparing with baseline performance. The loss becomes larger with the lower aggregation levels. Comparing the case 2 and case 3, it’s about 0.6dB performance loss for case 3 in higher aggregation levels, this is because the DMRS REs in overlapping symbol is punctured. If new PDCCH rate matching pattern is applied, i.e., option 1-2, case 3 perform could be similar as case 2, due to DMRS REs in overlapping symbol are available for PDCCH mapping, which lower the PDCCH coding rate. For lower aggregation level, the SNR performance difference between case 2 and case 3 is smaller.
Observation 1: If NR PDCCH and DMRS REs are punctured by LTE CRS REs, NR PDCCH SNR would be worse at least 0.9dB comparing without puncturing.
Observation 2: If DMRS REs are only mapping onto clean symbol for channel estimation, new PDCCH rate matching pattern should be considered to compensate the channel estimation loss. 
For case 2 NR PDCCH DMRS REs are punctured by LTE CRS REs, it will cause the DMRS REs unevenly distributed in a PRB, which RE is punctured is relying on LTE cell ID. Especially for NR and LTE partially overlapped in frequency domain scenario as showing in Figure 2, DMRS RE is punctured in one RB and DMRS REs are fully transmitted in another RB in one PDCCH candidate, it makes UE channel estimation complicated. Similarly for the case of DRMS only on clean symbol, the DMRS will not transmit in the overlapping symbol whatever LTE and NR are partially or fully overlapped in frequency domain.

[image: ]

Figure 2: PDCCH DMRS distribution for NR and LTE partial overlapping
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal 1: If NR PDCCH reception in symbol with LTE CRS is allowed, NR PDCCH DMRS only mapping onto the clean symbol can be considered. 
For DSS, if the LTE system performance is the concern, four CRS ports could be configured to support 4x4 MIMO. In this case, LTE CRS puncture the NR PDCCH REs could be supported. Considering the legacy DSS UE in the network which doesn’t support PDCCH reception with puncture REs. The backward compatibility needs to be considered. Therefore, the PDCCH search space for Rel-18 eDSS capable UE is configured in the second symbol and the third symbol is configured for PDCCH transmission for legacy DSS UE. And cell specific search spaces could not be configured in the symbol with LTE CRS transmission, such as search space for SIB1, OSI, RA and paging.
Proposal 2: If the performance gain is justified, type 1 CSS with dedicated RRC configuration, type 3 CSS, and UE-SS can be configured in LTE CRS symbol.
Summary
In this contribution, we discuss the aspects on NR PDCCH reception in LTE CRS symbol, and the potential specification impacts. We have the following proposals and observation:
Observation 1: If NR PDCCH and DMRS REs are punctured by LTE CRS REs, NR PDCCH SNR would be worse at least 0.9dB comparing without puncturing.
Observation 2: If DMRS REs are only mapping onto clean symbol for channel estimation, new PDCCH rate matching pattern should be considered to compensate the channel estimation loss. 
Proposal 1: If NR PDCCH reception in symbol with LTE CRS is allowed, NR PDCCH DMRS only mapping onto the clean symbol can be considered. 
Proposal 2: If the performance gain is justified, type 1 CSS with dedicated RRC configuration, type 3 CSS, and UE-SS can be configured in LTE CRS symbol.
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Annex
Link level simulation assumption
	Parameters
	Values

	Carrier frequency
	2 GHz

	SCS
	15 kHz 

	Bandwidth 
	20 MHz ,LTE bandwidth equal to NR

	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 

	REG bundle size
	6 PRBs

	CRS
	single 4 port CRS pattern 

	Channel estimation
	practical – companies to report details

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