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1. Introduction
The issue of collision between PDCCH candidate and other physical channels and signals was discussed in previous meeting and the following agreement has been achieved [1].
	Agreements:
· When an PDCCH candidate collides with any RB-level resource (FFS RE-level), where PDSCH is semi-statically not mapped, as described in TS38.214 Section 5.1.4.1 then 
· The UE is not required to monitor the PDCCH candidate overlapping with the resource even only by one RE



In this contribution, we discuss the remaining issue of this agreement, i.e. the behavior of the UE in the case of collision between PDCCH candidate and the RE-level resources.
2. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Discussion
Potentially three RE-level resources may be collided with PDCCH candidates:
· the LTE CRS pattern 
· the CSI-RS
· the (RE of) SSB
In the case of collision between PDCCH and SSB, it has been agreed in the RAN1 #92 meeting that the PDCCH is not mapped [2].
	Agreements:
· If a PDCCH decoding candidate having a CCE overlapped, even partially, with the configured SSB, the UE is not required to monitor the PDCCH with the decoding candidate.



On the other hand, for the case of collision with CSI-RS, it has been agreed in MIMO section that such configuration is not allowed, which is captured in 38.214 [3].
	If the UE is configured with a CSI-RS resource and a CORESET in the same OFDM symbol(s), the UE may assume that the CSI-RS and a PDCCH DM-RS transmitted in the CORESET are quasi co-located with ‘QCL-TypeD’, if ‘QCL-TypeD’ is applicable. Furthermore, the UE shall not expect to be configured with the CSI-RS in PRBs that overlap those of the CORESET.


Therefore, the only remaining problem is how to handle the collision between the PDCCH and the LTE CRS. Collision with the LTE CRS pattern only happens if the CORESET configured on an LTE carrier in the LTE-NR coexistence scenarios. In general, there are several alternatives to this issue:
· Alt.1: It is not allowed to configure the CORESET overlapped with LTE CRS.
· Alt.2: PDCCH candidate is dropped if its CCE overlapped with the LTE CRS.
· Alt.3: PDCCH should rate match/punctured around the LTE CRS.
Alt.1 is a simple and straightforward solution that similar to that accepted for CSI-RS. The only drawback is that it restricts the flexibility of network deployment.
Alt.2 seems to be less restrictive than Alt.1 from configuration perspective, and has less implementation complexity for UE. Also, it is the same solution adopted for collision between PDCCH candidate and RB-level rate matching resources. However, noted that the LTE CRS is cyclically mapped in the whole bandwidth; consequently, the whole PDCCH CORESET is dropped if it collides with any LTE CRS RE. Therefore, Alt.2 is essentially equal to Alt.1.
Alt.3 is the most flexible and efficient solution, however, the most complicated solution from UE implementation perspective. However, this collision problem occurs only in the non MBSFN subframe in the LTE-NR coexistent carrier with 15 kHz SCS, thus supporting Alt.3 may be over-optimized for this issue. As long as the cross-carrier scheduling is supported, the restriction caused by Alt.1 may be acceptable. Moreover, NR support flexible symbol level configuration for PDCCH monitoring, thus this restriction may not be a problem.  Therefore, Alt.1 is preferred.
[bookmark: _Ref510444653]Proposal 1: The UE shall not expect to be configured with the LTE CRS in PRBs that overlap those of the CORESET at given monitoring occasion. 

The corresponding text proposal is provided in Annex.
3. Conclusion
In the contribution, we discussed the UE behavior in the case of collision between PDCCH and RE-level resources. Based on these discussions, we propose that,
Proposal 1: The UE shall not expect to be configured with the LTE CRS in PRBs that overlap those of the CORESET at given monitoring occasion. 
4. [bookmark: _Ref510367705][bookmark: _Ref503565490][bookmark: _Ref493791948][bookmark: _Ref503565531]Reference
[1] [bookmark: _Ref510606468][bookmark: _Ref513466409]Chairman’s Notes, 3GPP TSG RAN WG1 meeting#92bis
[2] [bookmark: _Ref510432781]Chairman’s Notes, 3GPP TSG RAN WG1 meeting#92
[3] [bookmark: _Ref510367767][bookmark: _Ref510367711]3GPP TS 38.214, “NR; Physical layer procedures for data”, V15.1.0.



Annex: Text proposal for section 10, 38.213






For unpaired spectrum operation, if a UE is not configured for PUSCH/PUCCH transmission on serving cell , the UE is not expected to monitor PDCCH on serving cell  if the PDCCH overlaps in time with SRS transmission (including any interruption due to uplink or downlink RF retuning time [10, TS 38.133]) on serving cell  and if the UE is not capable of simultaneous reception and transmission on serving cell and serving cell .
If a UE is provided higher layer parameters resourceblocks and symbolsInResourceBlock in RateMatchPattern, or if the UE is additionally provided higher layer parameter periodicityAndPattern in RateMatchPattern, the UE can determine a set of RBs in symbols of a slot that are not available for PDSCH reception as described in [6, TS 38.214]. If a PDCCH candidate in a slot is mapped to one or more subcarriers that overlap with subcarriers of any RB in the set of RBs in symbols of the slot, the UE is not expected to monitor the PDCCH candidate.   
The UE shall not expect to be configured with the LTE CRS, provided by higher layer parameter RateMatchPatternLTE-CRS, in PRBs that overlap those of the CORESET.
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