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Introduction
[bookmark: _Hlk510705081]RAN#86 approved a DSS WI for Release 17 with the following objectives [1]:
	This work item is limited to FR1, and includes the following objectives for NR Dynamic Spectrum Sharing (DSS):
· PDCCH enhancements for cross-carrier scheduling including [RAN1, RAN2]
· PDCCH of SCell scheduling PDSCH or PUSCH on P(S)Cell
· Study, and if agreed specify PDCCH of P(S)Cell/SCell scheduling PDSCH on multiple cells using a single DCI
· The number of cells can be scheduled at once is limited to 2
· The increase in DCI size should be minimized
· [bookmark: _Hlk27038352]Note: The total PDCCH blind decoding budget should not be changed as a result of this work
· Note: These enhancements are not specific to DSS and are generally applicable to cross-carrier scheduling in carrier aggregation



As mentioned in the Justification part of the newly approved DSS WI [1]: 
	Dynamic spectrum sharing (DSS) provides a very useful migration path from LTE to NR by allowing LTE and NR to share the same carrier. DSS was included already in Rel-15 and further enhanced in Rel-16. As the number of NR devices in a network increases, it is important that sufficient scheduling capacity for NR UEs on the shared carriers I ensured.



This contribution considers possible extensions of the objective of DSS WI for Release 17 given its limited scope. As a concrete example, the possibility of supporting NR PDCCH puncturing around LTE PDCCH is discussed.
NR PDCCH multiplexing in DSS cell
There are many deployment scenarios where a serving cell may be limited in control channel capacity (PDCCH). One example of such scenario is LTE-NR DSS where NR PDCCH and LTE PDCCH have to be currently multiplexed in time creating capacity issues. When PDCCH resources in the serving cell are scarce, the scheduling of user plane and other control plane traffic is impacted.
The current DSS framework adopted by the ecosystem is mostly based on CRS rate matching and this leads to having only one NR PDCCH symbol in a slot when 4-port LTE CRS is assumed. The 3GPP specs do allow for more NR PDCCH symbols in a slot, however this would lead to reduced PDSCH capacity and requires UEs in the field to support optional features which are not supported as of today.
One alternative to a single non-overlapping NR PDCCH symbol is to use 2 NR PDCCH symbols overlapping with LTE as illustrated in Figure 1. In this confuguration, the UE would estimate channel of NR CORESET only from symbol#2 and symbol#1 would not carry NR PDCCH DMRS. However, from [2] and [3], the UE is not required to monitor the PDCCH candidate 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-r16. 
[image: ]
[bookmark: _Ref47453426]Figure 1 Allowing LTE and NR PDCCH to overlap in time.
.
Observation 1: Accordign to current specifications, the UE is not required to monitor the NR PDCCH candidate when it overlaps with LTE-CRS. Changes to the specificiation are required to support LTE CRS overlapping and 2 OS NR PDCCH. 
Numerical Analysis
Link level simulation results evaluate the impact of multiplexing of up to 2 NR PDCCH symbols and 2 LTE PDCCH in in the first 3 OFDM symbols. Here, 2-port CRS is assumed. 2 LTE PDCCH candidates allcoated randomly to available CCEs. NR PDDCH is configured with localized mapping. Detailed simulation assumptions are presented in annex A. For puncturing, NR PDCCH is mapped first, and then it is punctured by LTE PDCCH afterwards.
Agreegation level (AL) 1, 2, 4, 8 and 16 of NR PDCCH are simulated respectively, when puncturing around LTE PDCCHs. Simulation results show acceptable performece degradation of NR PDCCH, as shown in Figure 2 (2 LTE PDCCHs with AL 4) and Figure 3 (2 PDCCHs with AL 8). For lower AL, performance degradation is obvious, as the overlapping resource percentage of NR PDCCH affected by LTE PDCCH are relative higher, but for higher AL, the impact are gradually mitigated. 
[image: ]
Figure 2 NR PDCCH performance when puncturing with 2 LTE PDCCHs of AL 4.

[image: ]
Figure 3 NR PDCCH performance when puncturing with 2 LTE PDCCHs of AL 8.

Therefore, we have the following obsevation and proposal:
Observation 2: Allowing NR PDCCH resource overlapping gives more flexibility of NR control channel scheduling in symbols where LTE PDCCH/CRS are also present, which is the common case in DSS scenarios. Channel estimation works well for both LTE and NR. Puncturing can be handled by polar coding and allocating larger ALs to NR PDCCH.
Conclusion
In this contribution, we discussed in detail the possibility of supporting NR PDCCH overlapping with LTE CRS and NR PDCCH puncturing around LTE PDCCH to allow for a 2OS NR CORESET. Based on the discussion, we made the following observations and proposals:
Observation 1: Accordign to current specifications, the UE is not required to monitor the NR PDCCH candidate when it overlaps with LTE-CRS. Changes to the specificiation are required to support LTE CRS overlapping and 2 OS NR PDCCH. 
Observation 2: Allowing NR PDCCH resource overlapping gives more flexibility of NR control channel scheduling in symbols where LTE PDCCH/CRS are also present, which is the common case in DSS scenarios. Channel estimation works well for both LTE and NR. Puncturing can be handled by polar coding and allocating larger ALs to NR PDCCH.
Proposal:. Configuring a CORESET and search-space-set carrying a NR PDCCH to partially overlap with the configured LTE CRS rate-matching pattern should not result in dropping of the PDCCH candidate, which is the currently specified behaviour.
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Annex A – Simulation Parameters
	Simulation parameters
	Values

	Cell
	NR
	LTE

	Carrier frequency
	850MHz
	850MHz

	Subcarrier spacing
	15KHz
	15KHz

	System bandwidth
	20MHz
	20MHz

	RB number
	106RB
	100RB

	COREST symbol indices
	0-1
	/

	CORESET RB
	102
	/

	CCE-to-REG-mapping
	Non-interleaved
	/

	REG bundle size
	6
	/

	DCI payload size
	12 (AL-1)
24(AL-2)
36 (AL-4)
48(AL-8)
64 (AL-16)
	/

	Num CCE
	1/2/4/8/16
	/

	Start CCE
	4 (AL-1)
4(AL-2)
4(AL-4)
8(AL-8)
16(AL-16)
	

	Cell-specific RS
	/
	1/4 port

	Tx antenna number
	4

	Channel estimation
	MMSE-based Real CE

	Rx antenna number
	4

	Simulation channel
	EPA (3km/h)



Annex B – TS38.211 excerpt [2]
38.211, section 7.3.2.2
“for both interleaved and non-interleaved mapping, the UE may assume 
the same precoding being used within a REG bundle if the higher-layer parameter precoderGranularity equals sameAsREG-bundle; 
the same precoding being used across the all resource-element groups within the set of contiguous resource blocks in the CORESET, and that no resource elements in the CORESET overlap with an SSB or LTE cell-specific reference signals as indicated by the higher-layer parameter lte-CRS-ToMatchAround, if the higher-layer parameter precoderGranularity equals allContiguousRBs.“


Annex C – TS38.213 excerpt [3]
38.213, section 10, “If at least one RE of a PDCCH candidate on the serving cell overlaps with at least one RE of lte-CRS-ToMatchAround, the UE is not required to monitor the PDCCH candidate.”
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