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Introduction
[bookmark: _Ref494215420]This contribution discusses remaining issues on PDCCH structure addressing URLLC, such as handling of collision between SS/PBCH block and PDCCH in URLLC. The contribution is revised from R1-1804217 submitted in RAN1#92bis.

Handling of collision between PDCCH and SSB in URLLC
At least for PDCCH in UE-specific search space, collision between PDCCH and SSB cannot be always avoided. How to handle collision between PDCCH and SSB is still an open issue in URLLC.

Rate matching for PDCCH 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 
[bookmark: _Hlk493885951]-	If the UE has received ssb-PositionsInBurstSSB-transmitted-SIB1 in SystemInformationBlockType1 and has not received ssb-PositionsInBurstSSB-transmitted in ServingCellConfigCommon for a serving cell and if at least one RE for monitoring a PDCCH candidate for a DCI format with CRC not scrambled by SI-RNTI on the serving cell overlaps with respective at least one RE corresponding to a SS/PBCH block index provided by ssb-PositionsInBurst in SystemInformationBlockType1SSB-transmitted-SIB1, the UE is not required to monitor the PDCCH candidate.
-	If a UE has received ssb-PositionsInBurstSSB-transmitted in ServingCellConfigCommon for a serving cell and if at least one RE for monitoring a PDCCH candidate for a DCI format with CRC not scrambled by SI-RNTI on the serving cell overlaps with respective at least one RE corresponding to a SS/PBCH block index provided by ssb-PositionsInBurstSSB-transmitted in ServingCellConfigCommon, the UE is not required to monitor the PDCCH candidate.



The possible main reasons for supporting dropping the PDCCH in eMBB were discussed in [4], which are 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 sets and 3 CORESETs in a BWP for a UE, by which the gNB can set all PDCCH time/frequency resource not overlapping with SSB, and
· flexible CORESET allocation, by which the gNB can put all REGs in CORESET at two sides of SSB, and
· 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 higher probability of collision and more serious “blocking” issue of PDCCH. For instance, when channel bandwidth is 20MHz for 30kHz subcarrier spacing, a PDCCH with AL 16 will almost occupy the whole channel bandwidth if CORESET duration is 2 symbols, and thereby collide between SSB and the PDCCH with AL 16 is unable to be avoided by CORESET allocation. Furthermore, some UEs may accept the slightly higher complexity caused by rate matching of PDCCH, and thus dropping of the PDCCH may not so feasible for these UEs. 
Considering puncturing, it is obvious that puncturing of resource in PDCCH may cause unexpected performance of blind detection and is not so controllable at gNB, so rate matching of PDCCH is more feasible than puncturing.
Therefore, it is preferred that rate matching of PDCCH is a capability of UE.
Proposal 1: Rate matching of PDCCH, when SSB and PDCCH collide, is a capability of UE.

Building blocks related to rate matching of PDCCH
The building blocks for PDCCH transmission are shown in the following figure.


Figure 1: The modules for PDCCH transmission
Rate matching of PDCCH is actually related to three building blocks, such as rate matching (follow the rules defined in [2]), CCE-to-REG mapping (follow the rules of “CCE-to-REG mapping” defined in [3] and “collision handling” defined in [1]), and RE mapping (follow the rules of “frequency-first within a PDCCH” defined in [1]). In our understanding, the “rate matching of PDCCH” is directly related to CCE-to-REG mapping, and only impact other building blocks via two sub-procedures, such as “calculate available REs number” and “find REGs positions”. We will discuss these two sub-procedures repectively.

Calculate available REs number
The sub-procedure “calculating available REs number” will provide the number of available REs for rate matching of PDCCH. There are four options impacting the number of available REs for rate matching of 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 [5].
· 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 [6].
· 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 [6] [7].
· 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 [8].
Option 1 may lead to large number of resource wasted in case of interleaved CCE-to-REG mapping.
The reason to support Option 2 is to avoid performance degradation due to channel estimation of “partial REG bundle”, but in our view the degradation caused by “insufficient” frequency-domain filtering may be acceptable. Moreover, when REG bundle size is 6, resource of a RGB bundle is equal to that of a CCE, which will lead to problem of Option 1.
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.
Regarding Option 4, it is reported in [8] 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 separately from this topic.
Therefore, we prefer Option 3.
Proposal 2: Support REG-level rate matching of PDCCH in URLLC, when SSB and PDCCH collide.

Find REGs positions 
The sub-procedure “finding REGs positions” will give the positions of REs for resource mapping of PDCCH. There are two options impacting the positions of REs for resource mapping of PDCCH:
· Option 1: (Physical) REGs are not re-indexed, and REGs positions are found according to the unchanged REGs indexes.
· Option 2: (Physical) REGs are re-indexed [8], and REGs positions are found according to the REGs positions are found according to the re-indexed REG indexes.
For Option 1, “partial CCE” may occur, i.e. CCE without 6 REGs. In our view, the “partial CCE” can be handled by gNB, because gNB knows the precise amount of resource in REGs for a given PDCCH and makes a proper decision for resource allocation of PDCCH as “full CCE” case. 
For Option 2, it can avoid the “partial CCE”. However, due to re-indexing, a REG bundle may be discontinues in frequency domain. Since a REG bundle is the unit of channel estimation, the channel estimation algorithm should be adapted to this type of “special” REG bundle, which will cause UE complexity higher and channel estimation performance unstable. The “special” REG bundle is illustrated in the following figure.


Figure 2: Illustration of “special” REG bundle
Therefore, we propose to not support REG-reindexing for rate matching of PDCCH in Rel-15 URLLC, and it can be further discussed as possible URLLC enhancement.
Proposal 3: REG-reindexing is not supported for rate matching of PDCCH in Rel-15 URLLC.

TP for 38.213
If REG-level rate matching of PDCCH in URLLC is supported, REG-level rate matching can captured as RE-level rate matching, since minimum granularity of overlapping between PDCCH and SS/PBCH block is in REG level, or in other words the overlapping REs actually mean the overlapping REGs. Therefore, it can be described in RE-level rate matching, and we propose to adopt TP in Appendix for 38.213.
Proposal 4: Adopt TP in Appendix for 38.213.

Conclusion
In the contribution, we discuss the remaining issues for PDCCH structure, and raise the proposals as follows.
Proposal 1: Rate matching of PDCCH, when SSB and PDCCH collide, is a capability of UE.
Proposal 2: Support REG-level rate matching of PDCCH in URLLC, when SSB and PDCCH collide.
Proposal 3: REG-reindexing is not supported for rate matching of PDCCH in Rel-15 URLLC.
Proposal 4: Adopt TP in Appendix for 38.213.

Reference
[1] R1-1805795, CR for 38.213 v15.0.1 after RAN1#92bis.
[2] R1-1805794, CR for 38.212 v15.0.1 after RAN1#92bis.
[3] R1-1805793, CR for 38.211 v15.0.1 after RAN1#92bis.
[4] R1-1801837, “Remaining issues on PDCCH structure”, Spreadtrum, RAN1#92, Feb. 26th – March 2nd, 2018.
[5] R1-1802536, “Remaining details on PDCCH structure”, Nokia, RAN1#92, Feb. 26th – March 2nd, 2018.
[6] R1-1801645, “Remaining Issues and Changes in PDCCH Structure”, MTK, RAN1#92, Feb. 26th – March 2nd, 2018.
[7] R1-1802206, “Remaining issues on PDCCH structure”, LG, RAN1#92, Feb. 26th – March 2nd, 2018.
[8] R1-1800371, “Remaining issues on PDCCH structure”, LG, RAN1 AH 1801, January 22nd – 26th, 2018.

Appendix: TP for 38.213

/************************ Start of Text Proposal **************************/
10	UE procedure for receiving control information
/************************ Unchanged parts omitted**************************/
For monitoring of a PDCCH candidate 
· If the UE indicates capability for rate matching of PDCCH overlapping with SS/PBCH block, and
· If the UE has received ssb-PositionsInBurst in SystemInformationBlockType1 and has not received ssb-PositionsInBurst in ServingCellConfigCommon for a serving cell and if at least one RE for monitoring a PDCCH candidate for a DCI format with CRC not scrambled by SI-RNTI on the serving cell overlaps with respective at least one RE corresponding to a SS/PBCH block index provided by ssb-PositionsInBurst in SystemInformationBlockType1, the UE receives the PDCCH candidates by excluding REs corresponding to SS/PBCH block indexes provided by ssb-PositionsInBurst in SystemInformationBlockType1.
· If a UE has received ssb-PositionsInBurst in ServingCellConfigCommon for a serving cell and if at least one RE for monitoring a PDCCH candidate for a DCI format with CRC not scrambled by SI-RNTI on the serving cell overlaps with respective at least one RE corresponding to a SS/PBCH block index provided by ssb-PositionsInBurst in ServingCellConfigCommon, the UE receives the PDCCH candidates by excluding REs corresponding to SS/PBCH block indexes provided by ssb-PositionsInBurst in ServingCellConfigCommon.
· If the UE does not indicate capability for rate matching of PDCCH overlapping with SS/PBCH block, and
· If the UE has received ssb-PositionsInBurstSSB-transmitted-SIB1 in SystemInformationBlockType1 and has not received ssb-PositionsInBurstSSB-transmitted in ServingCellConfigCommon for a serving cell and if at least one RE for monitoring a PDCCH candidate for a DCI format with CRC not scrambled by SI-RNTI on the serving cell overlaps with respective at least one RE corresponding to a SS/PBCH block index provided by ssb-PositionsInBurst in SystemInformationBlockType1SSB-transmitted-SIB1, the UE is not required to monitor the PDCCH candidate.
· If a UE has received ssb-PositionsInBurstSSB-transmitted in ServingCellConfigCommon for a serving cell and if at least one RE for monitoring a PDCCH candidate for a DCI format with CRC not scrambled by SI-RNTI on the serving cell overlaps with respective at least one RE corresponding to a SS/PBCH block index provided by ssb-PositionsInBurstSSB-transmitted in ServingCellConfigCommon, the UE is not required to monitor the PDCCH candidate.
/************************ Unchanged parts omitted**************************/
/************************ End of Text Proposal **************************/
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