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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 
Combinations of the legacy and enhanced SFN transmission schemes for PDSCH and PDCCH
In RAN1#105e and RAN1#106e meetings, support of enhanced SFN transmission schemes (scheme 1 and TRP-based pre-compensation) has been discussed. It was agreed that UE is not expected to be configured with different enhanced SFN transmission schemes for PDSCH and PDCCH. In addition, single-TRP PDCCH scheduling Rel-17 SFN PDSCH were also agreed as possible combination. Table 1 provides summary of the transmission schemes for PDCCH and PDSCH, where the already agreed/discussed combinations are highlighted in green. 
[bookmark: _Ref77786186]Table 1 Supported combination of the transmission schemes
	
	
	PDSCH

	PDCCH
	
	Rel-15
	Rel-16
	Scheme 1
	Pre-compensation

	
	Rel-15
	N/A
	N/A
	Supported
	Supported

	
	Rel-17 URLLC
	N/A
	N/A
	Not supported 
	Not supported

	
	Scheme 1
	Supported
	Supported
	Supported 
	No supported

	
	Pre-compensation
	Not supported
	Not supported 
	Not supported
	Supported


Among the remaining combinations we think that the following combination of the transmission schemes for PDCCH and PDSCH should be additionally supported:
· Rel-17 scheme 1 for PDCCH and Rel-16 schemes for PDSCH
· Rel-17 scheme 1 for PDCCH and single-TRP for PDSCH
The corresponding combinations are highlighted in yellow in Table 1. In particular, mix of URLLC and eMBB traffics in DL are considered as a common scenario in NR from Rel-15. In this case different transmission schemes should be used by the network for PDSCH transmission depending whether the transmitted traffic on PDSCH corresponds to URLLC or eMBB applications. The existing restrictions on the usage of Rel-17 transmission schemes captured in Table 1 in this case would make system highly inefficient from spectral efficiency perspective. In particular, if PDCCH is configured in SFN scheme to support URLLC application, eMBB PDSCH should follow the same scheme SFN transmission scheme. Although SFN transmission scheme provides better reliability performance due to repetition of the same signal from multiple TRPs, it has drawback of consuming network resources. From this perspective for eMBB traffic (not requiring high reliability) a more efficient approach is to use single-TRP or Rel-16 mTRP transmission scheme, which provides better spectral efficiency at the cost of the reduced reliability performance. As the result separate RRC parameters for configuration of enhanced SFN transmission scheme for PDCCH and PDSCH should be supported to enable proposed combinations of Rel-17 scheme 1 for PDCCH and single-TRP for PDSCH or Rel-16 schemes for PDSCH schemes. Based on the discussion the following proposal can be made.
Proposal 1:
· The following combination of the transmission schemes are additionally supported
· Rel-17 scheme 1 for PDCCH and Rel-15 schemes for PDSCH
· Rel-17 scheme 1 for PDCCH and Rel-16 schemes for PDSCH
· Support separate RRC parameters for configuration of enhanced SFN transmission schemes for PDSCH and PDCCH

Default beam for PDSCH reception
If combination of Rel-17 SFN PDCCH and single-TRP PDSCH is supported, default beam assumption for PDSCH reception should be specified. In particular, if enhanced SFN PDCCH transmission scheme (e.g. scheme 1 for URLLC transmission) is configured for PDSCH and CORESET is indicated with two TCI states and time offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL, one TCI state of the CORESET with lowest CORESET ID in the latest slot should be used to determine default beam for PDSCH reception. In Relp17, if that CORESET is activated with two TCI states, the first TCI state should be selected to determine single default beam for PDSCH reception.  Summarizing discussion above the following proposal can be made:
Proposal 2:
· If enhanced SFN PDCCH transmission scheme (scheme 1) is configured and CORESET is indicated with two TCI states and UE is not configured with enableTwoDefaultTCI-States and time offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL
· QCL assumption associated with one TCI state of the lowest CORESET ID in the latest slot, if there are two activated TCI states for the CORESET with the lowest CORESET ID, select the first TCI state
For PDSCH reception without TCI state configured in DCI, it was agreed in RAN1#106e meeting to use TCI state of the scheduling CORESET as default beam for PDSCH reception. However, the agreed default beam assumption is only limited to DCI format 1_0. 
	Agreement
For PDSCH reception scheduled by DCI format 1_0, [1_1 and 1_2], if the time offset between the reception of the DL DCI and the corresponding PDSCH is equal or larger than the threshold timeDurationForQCL 
· Support configuration when there is no TCI field in the DCI scheduling PDSCH
· UE applies the state(s) of the scheduling CORESET when receiving the PDSCH 
· if there are two active TCI states for the CORESET, UE applies the both QCL assumption of the CORESET that schedules the PDSCH when receiving the PDSCH 
· otherwise, UE applies the one active TCI state of the CORESET when receiving the PDSCH
· FFS if the time offset between the reception of the DL DCI and the corresponding PDSCH is smaller than the threshold timeDurationForQCL
This is a UE optional feature.


Since there is no extra complexity associated with support of other DCI formats, the agreement from RAN1#106e should be extended to DCI formats 1_1 and 1_2 as summarized in the proposal below. 
Proposal 3:
· PDSCH reception using scheduling DCI without TCI field is also supported for DCI formats 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 Rel-15 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 presence of the CORESET with two TCI states. In particular, if the CORESET determined based on Rel-15 priority rule is indicated with two TCI states, another CORESET activated with one or two TCI states in overlapping monitoring occasion can be also monitored by the UE, if QCL-TypeD RS for one of the two TCI states of the another CORESET is the same as QCL-TypeD RS of CORESET determined from priority rule.
Proposal 4:
· Support PDCCH monitoring in multiple CORESETs with different QCL-TypeD assumptions 
· If the CORESET determined based on priority rule is indicated with a single TCI state, another CORESET activated with one or two TCI states in overlapping monitoring occasion can be monitored if QCL-Type D RS for one of the two TCI states of the another CORESET is the same as QCL-TypeD RS of CORESET determined from priority rule

QCL enhancements for TRP-based pre-compensation scheme
In RAN1#106e meeting Variant A was agreed as QCL type to assist TRP based pre-compensation scheme.
	Agreement
Confirm working assumption from RAN1#105e meeting without modification:
For TRP-based pre-compensation, Variant A (based on RAN1#103-e meeting agreement) is supported as QCL types/assumption, when the same DMRS port(s) are associated with two TCI states.
· FFS: Support of Variant B 


In Variant A, it is assumed that TRS are transmitted in TRP-specific manner and delay related QCL parameters, i.e. {average delay, delay spread} for SFN should be re-constructed at the UE based on per TRP measurements of the corresponding parameters. In total six QCL parameters (four from the first TRP and two from the second TRP) is required for estimation at the UE for Variant A. On the other hand, Variant B doesn’t require combining of the delay related QCL parameters that simplifies UE implementation. UE in Variant B would be only required to estimate four QCL parameters. In particular, Variant B can be supported by using SFN-ed TRS for estimation of QCL parameters {average delay, delay spread} and TRP-specific TRS for estimation of {Doppler shift, Doppler spread} (see Figure 1). SFN-ed TRS should be generally available in the HST deployment for the backward compatibility purpose. In addition, due to frequency offset alignment among TRPs by pre-compensation procedure, {Doppler shift, Doppler spread} components become the same or similar across TRPs and, therefore, can be derived from the TRS transmitted by the TRP. It is therefore natural to support Variant B in addition to Variant A agreed in RAN1#106-e meeting. Based on the discussion above the following proposal can be made.
Proposal 5: 
· For TRP-based pre-compensation, also support Variant B (based on RAN1#103-e meeting agreement) as QCL types/assumption, when the same DMRS port(s) are associated with two TCI states.



[bookmark: _Ref54352897]Figure 1 Illustration of the QCL signalling for Variant B

RLM enhancements 
In RAN1#106-e meeting the issue of BFR for CORESETs configured with two TCI state was discussed. It was agreed that BLER calculation for BFD is supported without specification impact. 
	Conclusion
· No RAN1 specification impact on how to calculate hypothetical BLER for BFD


To avoid possible ambiguity in UE implementation the corresponding conclusion, however, should be clarified as BLER calculation per each TCI state in the monitored CORESETs. To this end, a similar agreement should be also applicable to RS of CORESET used for RLM. Summarizing discussion above the following proposal can be made. 
Proposal 6: 
· No RAN1 specification impact on how to calculate hypothetical BLER for RLM and BFD, i.e., BLER is calculated per each TCI state if CORESET is configured with two TCI states
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: 
· The following combination of the transmission schemes are additionally supported
· Rel-17 scheme 1 for PDCCH and Rel-15 schemes for PDSCH
· Rel-17 scheme 1 for PDCCH and Rel-16 schemes for PDSCH
· Support separate RRC parameters for configuration of enhanced SFN transmission schemes for PDSCH and PDCCH
· If enhanced SFN PDCCH transmission scheme (scheme 1) is configured and CORESET is indicated with two TCI states and UE is not configured with enableTwoDefaultTCI-States and time offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL
· QCL assumption associated with one TCI state of the lowest CORESET ID in the latest slot, if there are two activated TCI states for the CORESET with the lowest CORESET ID, select the first TCI state
· PDSCH reception using scheduling DCI without TCI field is also supported for DCI formats 1_1 and 1_2. 
· Support PDCCH monitoring in multiple CORESETs with different QCL-TypeD assumptions 
· If the CORESET determined based on priority rule is indicated with a single TCI state, another CORESET activated with one or two TCI states in overlapping monitoring occasion can be monitored if QCL-Type D RS for one of the two TCI states of the another CORESET is the same as QCL-TypeD RS of CORESET determined from priority rule
· For TRP-based pre-compensation, also support Variant B (based on RAN1#103-e meeting agreement) as QCL types/assumption, when the same DMRS port(s) are associated with two TCI states.

· No RAN1 specification impact on how to calculate hypothetical BLER for RLM and BFD, i.e., BLER is calculated per each TCI state if CORESET is configured with two TCI states
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