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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.



As DSS becomes increasingly important to operators in real deployments, it is becoming evident that its capacity constraints, especially on the NR control channel, need to be mitigated. This contribution proposes adapting the DSS WI scope so that it allows the NR PDCCH capacity to be significantly expanded by configuring the NR PDCCH to be transmitted in the same symbols as the LTE CRS, instead of those resource elements being wasted.
An earlier version of this proposal was submitted to RAN1#102e for information [3].
Extension of NR PDCCH on LTE CRS symbols
The current DSS based on LTE CRS rate matching leads to having only one NR PDCCH symbol in a slot when 4-port LTE CRS is assumed as illustrated in Figure 1a. 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.
A more efficient alternative to a single non-overlapping NR PDCCH symbol would be to use 2 NR PDCCH symbols such that one of them overlaps with LTE CRS in symbol#1 leaving symbol#0 always for LTE control as illustrated in Figure 1b. However, according to the current RAN1 specifications the UE is not required to monitor a PDCCH candidate if at least one RE of the PDCCH candidate overlaps with at least one RE of lte-CRS-ToMatchAround, or of LTE-CRS-PatternList-r16, making this configuration invalid.
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 transmitting NR PDCCH in the same symbols as the LTE CRS in support of >1 OFDM symbol NR PDCCH. 
[bookmark: _GoBack]If there is no need to always allocate room for LTE control region, additional efficiency improvement can be obtained as shown in Figure 1c, where RE wastage is completely avoided by using symbols #0 and #1 for NR PDCCH, and generating an additional symbol available for NR PDSCH. Naturally it would also be possible to have a 3-symbol NR-PDCCH allocation.

 x : LTE CRS ports 0&1
 x : LTE CRS ports 2&3
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	~67% more PDCCH REs
~67% more PDCCH DM-RS REs
	~56% more PDCCH REs
~33% more PDCCH DM-RS REs
~12% more PDSCH REs

	Figure 1a: Rel-15 reference
	Figure 1b: More PDCCH symbols
	Figure 1c: More PDCCH and PDSCH symbols



When the NR PDCCH occupies the same symbol as the LTE CRS, the most straightforward UE behaviour is to assume that the NR PDCCH and DM-RS resource elements colliding with the LTE CRS resource elements are not present. This would lead to minimal specification changes. 
Every 3rd NR PDCCH DM-RS RE in symbol #1 (Figure 1b) or in symbols #0 and #1 (Figure 1c) collides with the LTE CRS and would not be transmitted, but the remaining NR PDCCH DMRS would still be enough to successfully estimate the channel as in both cases there would be more DM-RS REs transmitted than with a single symbol NR PDCCH configuration with no CRS collision.
Observation 2: The UE could ignore the NR PDCCH and PDCCH DM-RS REs that collide with the LTE CRS and there would still be more PDCCH REs available than with the Release 15 configuration.

Conclusion
In this contribution, we discussed in detail the possibility of creating additional NR scheduling capacity by 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: According 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 transmitting NR PDCCH in the same symbols as the LTE CRS in support of >1 OFDM symbol NR PDCCH. 
Observation 2: The UE could ignore the NR PDCCH and PDCCH DM-RS REs that collide with the LTE CRS and there would still be more PDCCH REs available than with the Release 15 configuration.
Proposal 1: Adapt the DSS WID to include support for PDCCH to be transmitted in the same symbols as the LTE CRS as proposed in [2].
This will provide operators with flexible enhancement of NR scheduling capacity and/or performance to optimise their DSS deployments in the field.
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