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Introduction
[bookmark: _Ref494215420]This contribution discusses possible open issues for PDCCH in URLLC, such as handling of collision between SS/PBCH block and PDCCH.

Handling of collision between PDCCH and SSB in URLLC
At least for PDCCH in UE specific search space, collision between PDCCH and SSB is not prevented. How to handle collision between PDCCH and SSB is still an open issue in URLLC. 
Handling of collision between PDCCH and SSB in eMBB is dropping the PDCCH, which has been captured in [1] already.
	For monitoring of a PDCCH candidate 
· If the UE has received SSB-transmitted-SIB1 and has not received SSB-transmitted for a serving cell and if at least one REs for monitoring a PDCCH reception candidate for a DCI format with CRC not scrambled by SI-RNTI on the serving cell overlaps with respective at least one REs corresponding to a SS/PBCH block indexes providedindicated by SSB-transmitted-SIB1, the UE is not required to monitorreceives the PDCCH candidateby excluding REs corresponding to SS/PBCH block indexes indicated by SSB-transmitted-SIB1.
· If a UE has received SSB-transmitted for a serving cell and if at least one REs for monitoring a PDCCH reception candidate for a DCI format with CRC not scrambled by SI-RNTI on the serving cell overlaps with respective at least one REs corresponding to a SS/PBCH block indexes providedindicated by SSB-transmitted, the UE is not required to monitorreceives the PDCCH candidateby excluding REs corresponding to SS/PBCH block indexes indicated by SSB-transmitted.
· If the has not received both SSB-transmitted-SIB1 and SSB-transmitted for a serving cell and if the UE monitors the PDCCH candidate for a Type0-PDCCH common search space on the serving cell according to the procedure described in Subclause 13, the UE may assume that no SS/PBCH block is transmitted in REs used for monitoring the PDCCH candidate on the serving cell.



The main reasons for supporting dropping the PDCCH in eMBB are discussed in [2], and listed as follows:
· In slot-based PDCCH transmission, gNB has sufficient flexibility to reduce probability of collision as much as possible through the following system configurations, such as 
· up to 10 search space and 3 CORESETs in a BWP for a UE, by which the gNB can set all PDCCH monitoring occasions not present in any SSB occasion, and
· type-0 like CORESET allocation, by which the gNB can put all REGs in CORESET at two sides of SSB, and
· non-interleaved CCE-to-REG mapping, by which the gNB can localize the resource of PDCCH to avoid SSB resource.
· UE complexity of blind detection can be reduced, which is important for eMBB UE in term of power saving.
However, in URLLC, non-slot PDCCH transmission may be baseline, which leads to probability of collision increasing. Furthermore, URLLC UE can accept higher complexity of blind detection. Therefore, dropping of the PDCCH may not so feasible for URLLC UE.
It is obvious that puncturing of resource in PDCCH may cause unexpected performance of blind detection and is not so controllable at gNB.
Compared to dropping and puncturing, rate matching of PDCCH is more feasible for URLLC UE.
There are four options for rate matching for PDCCH:
· Option 1: CCE-level rate matching, i.e. if a CCE has RE overlapping with SSB, the CCE will not be counted in resource of rate matching [3].
· Option 2: REG-bundle-level rate matching, i.e. if a REG bundle has RE overlapping with SSB, the REG bundle will not be counted in resource of rate matching [4].
· Option 3: REG-level rate matching, i.e. if a REG has RE overlapping with SSB, the REG will not be counted in resource of rate matching [4] [5].
· Option 4: Symbol-level rate matching when QCL is not assumed between CORESET and SSB, i.e. if a symbol has RE overlapping with SSB, the symbol will not be counted in resource of rate matching [6].
Option 1 may lead to large number of REG wasted in case of interleaved CCE-to-REG mapping.
Regarding Option 4, it is reported in [6] that, due to different UE RX beam for CORESET and SSB, UE may not be able to monitor both at the same time. In our view, this issue can be discussed in a separate way.
[bookmark: _GoBack]The reason to support Option 2 is that performance of channel estimation is degraded, but in our view the degradation caused by “insufficient” frequency-domain filtering may be acceptable. Compared to Option 2, Option 3 is more resource efficient. Since REG is the minimum resource unit that overlaps with SSB, the finer granularity of rate matching resource is not possible. 
Therefore, we slightly prefer Option 3.
Proposal 1: Support REG-level rate matching for PDCCH in URLLC, when SSB and PDCCH collide.

Conclusion
In the contribution, we discuss possible open issues for PDCCH in URLLC, and raise the proposals as follows.
Proposal 1: Support REG-level rate matching for PDCCH in URLLC, when SSB and PDCCH collide.
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