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1. Introduction
In RAN#86 meeting the work item on enhanced MIMO support was agreed for Rel-17 [1]. The objectives of WID include enhancements to multi-TRP transmission scheme in HST-SFN scenario. 
	2.	Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
…
d.	Enhancement to support HST-SFN deployment scenario:
i.	Identify and specify solution(s) on QCL assumption for DMRS, e.g. multiple QCL assumptions for the same    DMRS port(s), targeting DL-only transmission
[bookmark: _Hlk61733894]ii.	Evaluate and, if the benefit over Rel.16 HST enhancement baseline is demonstrated, specify QCL/QCL-like relation (including applicable type(s) and the associated requirement) between DL and UL signal by reusing the unified TCI framework


In this contribution, we provide our views on the remaining details of corresponding enhancements for Rel-17.
1.1. 
2. Discussion
1 
2 
Default beam for TRP PDSCH reception without TCI state field
One of the remaining issues for enhanced SFN operation is default beam assumption for PDSCH reception when TCI state is not configured. In RAN1#106-e meeting the default beam assumption was agreed for DCI Format 1_0. However, support of DCI Formats 1_1 and 1_2 without TCI field and corresponding default beam assumption are still FFS. It should be noted that support of PDSCH configuration without TCI state may be beneficial to reduce DCI signaling overhead especially with single active TCI state. In particular when PDSCH scheduling offset is equal or larger than the threshold, UE should apply TCI states of the scheduling CORESET for PDSCH reception. If the scheduling CORESET has two TCI states, UE applies both QCL assumptions of the CORESET, otherwise QCL of the single TCI state of CORESET is used for PDSCH reception. For UE not supporting this feature, UE should expect configuration of the TCI state in the DCI field.
Proposal:
For PDSCH reception scheduled by DCI format 1_1 and 1_2 and if applicable the time offset between the reception of the DL DCI and the corresponding PDSCH is equal or larger than the threshold timeDurationForQCL 
1. Support configuration when there is no TCI field in the DCI scheduling PDSCH, when SFN is configured for both PDCCH and PDSCH
0. UE applies the TCI state(s) of the scheduling CORESET when receiving the PDSCH 
0. if there are two active TCI states for the CORESET, UE applies the both QCL assumptions of the CORESET that schedules the PDSCH when receiving the PDSCH
0. elseif there is one active TCI states for the CORESET, UE applies the one active TCI state of the CORESET when receiving the PDSCH
1. For UE not supporting this feature:
0. TCI field is always present in DCI format 1_1 and 1_2

PDCCH monitoring with different QCL-typeD
In Rel-15 PDCCH candidates in overlapping PDCCH monitoring occasions in multiple CORERSETs may have different QCL-TypeD. In this case, UE monitors PDCCH candidates determined from priority rules. To this end, UE monitors PDCCH only in a CORESETs having the same QCL-TypeD. In Rel-17, if a CORESET is indicated with two TCI states, the rule for PDCCH monitoring in multiple CORESETs with different QCL-TypeD needs to be revised to account enhanced UE capability for reception of CORESET with two beams. In RAN1#106b-e meeting several alternatives were identified to extend Rel-15 rule for PDCCH monitoring to two QCL-typeD.
	· When a CORESET is activated with two TCI states which overlaps with another CORESET, support PDCCH monitoring of PDCCH candidates in overlapping monitoring occasions with QCL-TypeD properties identified according to prioritization rule 
· Down-select one alternative 
· Alt 1: Search Space (SS) type > serving cell index > SS set ID
· Alt 2: SS type > serving cell index > SS set ID > the number of TCI states of CORESET
· If prioritized CORESET has one TCI state, the second QCL type D is identified by the first TCI of a CORESET with the second highest priority 
· Alt 3: SS type > serving cell index > SS set ID > the number of TCI states of CORESET
· If prioritized CORESET has one TCI state, the second QCL type D is identified according to one of the SS sets that is linked with a CORESET with the first QCL-TypeD among the multiple overlapping CORESETs); and
· In case of multiple such CORESETs, Rel. 15 priority order is used for the second QCL-TypeD determination.
· Alt 4: the number of TCI states for CORESET > SS type > serving cell index > SS set ID 
· Alt 5: SS type > the number of TCI states for CORESET > serving cell index > SS set ID
· If prioritized CORESET has one TCI state, all CORESETs associated with at least the one active TCI state are also monitored.


Among the above options, Alt 2 is preferable as it allows monitoring of the of the CORESETs with two TCI states as much as possible and the QCL prioritization rule seems more consistent with legacy operation.
Proposal:
When a CORESET is activated with two TCI states which overlaps with another CORESET, support PDCCH monitoring of PDCCH candidates in overlapping monitoring occasions with QCL-TypeD properties identified according to prioritization rule
· Alt 2: SS type > serving cell index > SS set ID > the number of TCI states of CORESET
· If prioritized CORESET has one TCI state, the second QCL type D is identified by the first TCI of a CORESET with the second highest priority

Monitoring of CSS associated with SFN CORESET
In RAN1#106b-e meting it was agreed to study the following options of CSS monitoring associated with CORESET activated with two TCI states. 
	Agreement
For CSS associated with SFN CORESET, study the following alternatives and down-select in RAN1#107e:
· Alt 2: UE doesn’t expect PDCCH candidates in CSS to be associated with CORESET activated with two TCI states, except for CSS type 3 associated with CORESET configured with scheme 1
· Alt 3: If PDCCH candidates in CSS 0/0A/1/2/3 are associated with CORESET that activated with two TCI states, the first TCI state is applied for the CSS reception, except for CSS type 3 associated with CORESET configured with scheme 1. 
0. For CSS type 3 associated with CORESET configured with scheme 1, both TCI states can be applied for the CSS reception. 


In the above options, Alt 2 just defines NW configuration restriction and can be achieved by implementation. From this perspective Alt 3 is more preferable, since it allows association of the CSS with CORESET configured with two TCI states. 
Proposal: 
Monitoring of CSS associated with CORESET activated with two TCI states:
· Alt 3: If PDCCH candidates in CSS 0/0A/1/2/3 are associated with CORESET that activated with two TCI states, the first TCI state is applied for the CSS reception, except for CSS type 3 associated with CORESET configured with scheme 1. 
· For CSS type 3 associated with CORESET configured with scheme 1, both TCI states can be applied for the CSS reception. 
Remaining details of BFR for CORESET with SFN
In RAN1#106b-e meeting BFR enhancement to support SFN transmission of PDCCH was discussed. It was agreed that two RS configured for CORESET should be counted as two RS for BLER calculation. One of the remaining issues of BFR support is the number of BLER that should be calculated by the UE for the two TCI states. In our view the option with single BLER calculation, the procedure of obtaining single channel measurement should be clearly defined to guarantee robust BFR performance for different UEs and avoid wrong UE implementations e.g. selecting measurement for one TCI state for BLER calculation. At the same time this option seems not possible due to conclusion made in RAN1#106e meeting regarding unspecified BLER calculation. From this perspective calculation of two BLER (one per each TCI state) is more preferable option for BFR support as it clearly defines UE behaviour on use of the channel measurements for two TCI states. If implicit BFD calculation is based on per TCI state BLER calculation, the same approach should be also used for explicit configuration of BFD. In this case, the existing Rel-15/Rel-16 configuration seems sufficient. Finally support of CORESETs with two TCI state effectively doubles the number of RS that should be used for BFD. To this end it seems natural to introduce UE capability for the number of implicit BFD RS beyond 2. Summarizing discussion above the following proposal can be made.

Proposal:
For BFR with CORESET configured with two TCI state
· For a CORESET with two activated TCI states, two RS indexes are included in  and UE calculates two hypothetical BLER for the CORESET
· Explicit configuration of RS pair for BFD is not supported
· Increase the number of implicit BFD RS for monitoring to X, where X is UE capability with X = 2, 3, 4
TRP-based pre-compensation in FR2
One of the remaining issues of TRP-based pre-compensation is support of FR2. Comparing to FR1, the issue of Doppler shift compensation is not expected to be sever due to better spatial isolation. At the same time, no support of TRP-based pre-compensation just introduce additional restriction and additional specification work. From this perspective we have slight preference not to restrict support of TRP-based pre-compensation in FR1 only.
Proposal:
· TRP-based pre-compensation is supported in FR2 to reduce specification impact

3. Conclusion
In this contribution, we have provided our views on the enhancement for HST-SFN scenario in Rel‑17. The following proposals were made: 
For PDSCH reception scheduled by DCI format 1_1 and 1_2 and if applicable the time offset between the reception of the DL DCI and the corresponding PDSCH is equal or larger than the threshold timeDurationForQCL 
1. Support configuration when there is no TCI field in the DCI scheduling PDSCH, when SFN is configured for both PDCCH and PDSCH
1. UE applies the TCI state(s) of the scheduling CORESET when receiving the PDSCH 
0. if there are two active TCI states for the CORESET, UE applies the both QCL assumptions of the CORESET that schedules the PDSCH when receiving the PDSCH
0. elseif there is one active TCI states for the CORESET, UE applies the one active TCI state of the CORESET when receiving the PDSCH
1. For UE not supporting this feature:
1. TCI field is always present in DCI format 1_1 and 1_2
When a CORESET is activated with two TCI states which overlaps with another CORESET, support PDCCH monitoring of PDCCH candidates in overlapping monitoring occasions with QCL-TypeD properties identified according to prioritization rule
· Alt 2: SS type > serving cell index > SS set ID > the number of TCI states of CORESET
· If prioritized CORESET has one TCI state, the second QCL type D is identified by the first TCI of a CORESET with the second highest priority
Monitoring of CSS associated with CORESET activated with two TCI states:
· Alt 3: If PDCCH candidates in CSS 0/0A/1/2/3 are associated with CORESET that activated with two TCI states, the first TCI state is applied for the CSS reception, except for CSS type 3 associated with CORESET configured with scheme 1. 
· For CSS type 3 associated with CORESET configured with scheme 1, both TCI states can be applied for the CSS reception. 
For BFR with CORESET configured with two TCI state
· For a CORESET with two activated TCI states, two RS indexes are included in  and UE calculates two hypothetical BLER for the CORESET
· Explicit configuration of RS pair for BFD is not supported
· Increase the number of implicit BFD RS for monitoring to X, where X is UE capability with X = 2, 3, 4
TRP-based pre-compensation is supported in FR2 to reduce specification impact
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