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Introduction
RAN#94 in December 2021 approved a new WI: Enhancements of NR Dynamic spectrum sharing (DSS) [1], with the following objectives:
	The following objectives shall be included for improvement of NR spectrum efficiency for LTE-NR co-existence (RAN1):
· 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.
· [bookmark: _Hlk93047154]Allow a UE to support, and be configured with, two overlapping CRS rate matching patterns regardless of support or configuration of multi-TRP [RAN1, RAN2]



[bookmark: _Hlk115102683]RAN1#110 made the core agreement for configuring PDCCH on LTE CRS as follows:
	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
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.



RRC configuration parameters
[bookmark: _Hlk115095018][bookmark: _Hlk115084743]The configuration of a PDCCH candidate to overlap with LTE CRS configuration provided to the UE s is already allowed by the specifications. Today’s specification just defines that monitoring such PDCCH candidate is not required [TS38.213, subclause 10]:
[bookmark: _Hlk115104730]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, the UE is not required to monitor the PDCCH candidate.
[bookmark: _Hlk115084899]The new UE supporting the processing of a PDCCH candidate overlapping with LTE CRS RE(s) could be separately informed which overlapping PDCCH candidates should be processed, or alternatively the UE could be required to process all the candidates. At least with some UE receiver types and CORESET configurations some aggregation level candidates are not worth processing if they overlap with CRS REs as shown e.g. in [2, 3]. Hence a configuration determining whether a PDCCH candidate that overlaps with LTE CRS REs is to be monitored or dropped appears attractive. The configuration could be either specified per candidate, per AL, or an AL threshold.
An alternative without an explicit signaling could be based on the fact that since an NR UE in idle mode is not aware of the LTE CRS patterns or interference from these, an NR UE would proceed to decode the CSS assuming no overlap when transitioning from RRC Idle to RRC Connected state. If a UE successfully establishes an RRC connection in these conditions prior to being informed of a LTE CRS RM pattern which overlaps with the NR PDCCH, the UE could assume at least the aggregation levels assumed during the RRC trasnsition from Idle are to be supported in any search space overlapping the LTE CRS.

Proposal 1: A PDCCH candidate with REs overlapping with LTE CRS REs as configured to the UE is either monitored or dropped according to explicit RRC configuration or a determination based on the transition to RRC Connected state:
· Different PDCCH candidates / aggregation levels of a search space can be configured to be processed/dropped when they collide with LTE CRS
· Any PDCCH aggregagtion levels employed or higher than the aggregation levels employed in the CCS during the transition from RRC Idle to RRC connected state are assumed to be monitored
The UE that is configured to process a PDCCH candidate with REs overlapping with LTE CRS doesn’t know what the gNB will do with the colliding REs. As shown in [2], in some cases it may make sense for the network to prioritize the CRS and puncture the PDCCH REs, but in some other cases it makes sense to prioritize the PDCCH REs and drop the CRS, or superposition both CRS and PDCCH REs on each other. In case of superpositioning, the receiver’s knowledge of the relative power of the CRS RE and the PDCCH RE can be used in the receiver processing if the UE implementation decides to optimize the receiver for the new feature. The details in [2] specifically show that the PDCCH aggregation level has a major impact on which strategy is the most attractive and thus the configuration should be either per 
Proposal 2: A PDCCH candidate with REs overlapping with LTE CRS REs as configured to the UE (and configured to be monitored) is tagged with information on what the gNB does to the PDCCH REs colliding with the LTE CRS REs
· Different PDCCH candidates / aggregation levels of a search space can be configured differently
· The configuration is either a relative power differentce of CRS RE and PDCCH RE (inf and -inf indicating that one is present and the other is punctured), or as binary (overlapping PDCCH RE present / not present) 

UE capabilities
The UE’s support for processing a PDCCH candidate that has REs overlapping with LTE CRS REs configured to the UE is obviously a new UE capability. Furthermore, as shown in [2], the UE that optimizes its PDCCH demodulator/decoder may reach different performance than one that exploits the “normal” PDCCH demodulator/decoder that doesn’t take the PDCCH/CRS collisions into account. Specifically, for a given receiver type, the gNB could avoid using or even configuring the PDCCH candidates that it knows have a very high SNR requirement or can be expected to fail no matter what the SNR when colliding with REs
Different UE capabilities helping the network to decide what to do with the colliding REs are:
· Is the PDCCH channel estimator using the DMRS of the symbol containing the LTE CRS
· Is the PDCCH channel estimator using the DMRS REs colliding with the CRS REs
· Is the PDCCH decoder always puncturing the PDCCH REs colliding with the CRS REs
· Is the PDCCH channel estimator/decoder able to leverage relative power difference information between the PDCCH and the CRS

Knowing the above capabilities allows the gNB to decide what to do with the PDCCH/PDCCH DMRS REs that collide with the LTE CRS REs. These can be expressed as 4 separate capabilities as outlined below.
Proposal 3: The set of capabilities for PDCCH overlapping with CRS is according to table 1

Table 1: Set of new Rel-18 UE capabilities for PDCCH overlapping LTE CRS
	FG
	FG name
	Components
	Value range
	Note

	X-1
	Support for PDCCH monitoring on LTE CRS
	1) The UE is capable of monitoring a PDCCH candidate that overlaps with LTE CRS RE(s)
	{Suppoted}
	Basic capability for this feature

	X-2
	Channel estimation for for PDCCH overlapping with CRS
	The PDCCH channel estimator can use the DMRS of the symbol containing the LTE CRS
	{DMRS REs not colliding with CRS REs, all DMRS REs}
	An additional optional capability on top of X-1

	X-3
	PDCCH decoding for PDCCH overlappin with CRS
	The PDCCH decoder can use the PDCCH RE(s) overlapping with LTE CRS RE(s)
	{Supported}
	An additional optional capability on top of X-1

	X-4
	PDCCH-to-LTE CRS power differential
	The PDCCH channel estimator/decoder can leverage relative power difference of the PDCCH/PDCCH-DMRS and LTE CRS
	{Supported}
	An additional capability on top of X-2 and/or X-3
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