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Introduction
In RAN1#107-e, the discussion on the main aspects of HST-SFN deployment for PDSCH and PDCCH was concluded, with two schemes supported: Scheme A for HST-SFN support via UE-based Doppler estimation, and Scheme B for HST -SFN support via network-based Doppler pre-compensation. In this contribution we provide our views on a few remaining details of HST-SFN deployment.
HST-SFN Deployment
In RAN1#107-e [1], the following agreements were made for HST-SFN deployment, as well as for PDCCH enhancements under SFN transmission, as follows
	Agreement
Confirm the working assumption from RAN1 #106b-e meeting to reuse legacy Rel-16 RRC parameters simultaneousTCI-UpdateList1, simultaneousTCI-UpdateList2 to define set of the serving cells which can be addressed by a single MAC CE for activation of two TCI states of CORESET with the same CORESET ID for all the BWPs.

Agreement
For intra-band CA, UE doesn’t expect configurations of different SFN schemes in different CCs

Agreement
TRP-based pre-compensation scheme for PDSCH / PDCCH is supported in both FR1 and FR2 with UE capability at least per FR
· Note: While majority of the companies support above, only one company has shown benefit on TRP-based pre-compensation scheme for PDSCH in FR2 with 200m ISD. Evaluation methodology and results can be found in R1-2101450.

Agreement
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
· Reuse Rel-15 prioritization to identify the first CORESET, i.e., SS type > serving cell index > SS set ID
· If the CORESET has two TCI states with QCL-typeD, both QCL-typeD are identified.
· If the CORESET has one TCI state with QCL-typeD, the second QCL-typeD is not identified

Agreement
When SFN PDSCH is not configured by RRC and there is no TCI codepoint which indicates two TCI states activated for the PDSCH (i.e. Rel-16 MTRP PDSCH is not configured) and SFN transmission scheme 1 is configured for PDCCH, for PDSCH reception scheduled by DCI format 1_0, 1_1, 1_2 without TCI field, if the time offset between the reception of the DL DCI and the corresponding PDSCH is equal or larger than the threshold timeDurationForQCL if applicable and the CORESET which schedules the PDSCH is indicated with two TCI states, the default TCI state is defined as the first TCI state of the CORESET

Agreement
The agreement from RAN1#106b-e meeting is updated as follows
When SFN PDSCH is not configured by RRC and there is no TCI codepoint which indicates two TCI states activated for the PDSCH (i.e. Rel-16 MTRP PDSCH is not configured), for PDSCH reception scheduled by DCI format 1_0, 1_1, 1_2, if the time offset between the reception of the DL DCI and the corresponding PDSCH is smaller than the threshold timeDurationForQCL,
· For DCI format 1_1/1_2, support both configurations with and without TCI state field. 
· [If enableTwoDefaultTCIStates  is not configured,] for both cases with and without TCI state field,
· If enhanced SFN PDCCH transmission scheme 1 is configured and the lowest CORESET ID in the latest slot is indicated with two TCI states, select the 1st TCI state of the two TCI states of the CORESET as default beam for the PDSCH reception
· FFS : Whether above applies for TRP -based pre-compensation if TRP -based pre-compensation is agreed to be support in FR2
· Otherwise, UE applies the one active TCI state of the CORESET  with the lowest controlResourceSetId  in the latest slot when receiving the PDSCH
· It is up to editor how to capture the above agreement

Agreement
If PDCCH candidates in CSS 3 are associated with CORESET that is activated with two TCI states and configured with enhanced SFN scheme 1 or TRP based pre-compensation, both TCI states can be applied for the CSS reception. 
· FFS: Whether/How specification change is needed is up to the editor

Agreement
For a CORESET with two activated TCI states, for implicit BFD RS, how to calculate radio link quality for RLM /BFD is up to RAN4 discussion
· Send LS to let RAN4 to let them know about two possible options of radio link quality estimation for RLM /BFD using each RS or RS pair of CORESET activated with two TCI states. RAN1 has discussed both options, but was not able to reach a consensus. Inform that it is up to RAN4 to specify the most appropriate option. LS is endorsed in R1-2112829.

Agreement
When SFN PDSCH and SFN PDCCH are configured by RRC , for PDSCH reception scheduled by DCI formats 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 
· Support configuration when there is no TCI field in the DCI scheduling PDSCH  
· UE applies the TCI state(s) of the scheduling CORESET when receiving the PDSCH 
· If there are two active TCI states for the CORESET , UE applies both QCL assumptions of the CORESET that schedules the PDSCH when receiving the PDSCH     
· otherwise, if there is one active TCI state for the CORESET , UE applies the one active TCI state of the CORESET when receiving the PDSCH  
This feature is UE optional capability
· If UE doesn’t support this capability, UE is expected to be configured with TCI state field
· UEs supporting this feature and are not capable of dynamic switching between single TRP and SFN , the CORESET that schedules PDSCH by DCI formats 1_1 and 1_2 (FFS DCI format 1_0) should be activated with two TCI states.
FFS for maintenance: if SFN PDCCH is not configured



Pre-requisite of SFN Scheme B
During the Rel. 17 normative discussions on HST-SFN enhancements, two schemes were proposed: Scheme A with UE-based Doppler estimation and Scheme B based on network-based Doppler pre-compensation. Based on our understanding, the motivation behind specifying a second scheme (Scheme B) after Scheme A had been agreed was providing a network-based alternative for Doppler pre-compensation, compared with UE-based Doppler compensation of Scheme A. Hence, UEs supporting Scheme B may incur less complexity compared with Scheme A, and a UE that supports SFN Scheme B should not necessarily support Scheme A. In the Rel. 17 UE features discussion for FeMIMO [2], it is proposed that Scheme A is considered a pre-requisite to Scheme B, which in our opinion contradicts with the motivation for supporting SFN Scheme B as an alternative for UEs that would not support Scheme A. Since it is the responsibility of RAN WG1 delegates to ensure the specification is well interpreted, we propose that an agreement is made to ensure that SFN Scheme B does not require Scheme A as a pre-requisite, so as to provide clear guidance when discussing the UE features corresponding to HST-SFN enhancements, and ensure the specification captures the intentions of the RAN WG1 delegates when the respective agreements were made. In light of that, we propose the following,   
1. SFN Scheme B  does not require the support of SFN Scheme A as a pre-requisite 

RRC parameters corresponding to HST-SFN enhancements
In RAN1#107-e, a list of RRC parameters were provided for HST-SFN schemes. Two of the parameters that support HST-SFN configuration, ‘sfnSchemePdsch’ and ‘sfnSchemePdcch’ corresponding to HST-SFN support over PDSCH and PDCCH, respectively. No parent IE was determined for either RRC configuration parameters. We propose that ‘sfnSchemePdsch’ is associated with ‘PDSCH-Config’ as a parent IE, and ‘sfnSchemePdcch’ is associated with ‘PDCCH-Config’. 
1. Support ‘PDSCH-Config’ and ‘PDCCH-Config’ as parent IEs for ‘sfnSchemePdsch’ and ‘sfnSchemePdcch’, respectively 
PDCCH enhancements for multi-TRP SFN deployment
SFN transmission of PDCCH
In RAN1#107-e, one remaining issue is related to default beam for SFN-PDSCH transmission when there is no TCI field in the scheduling DCI and the time offset between the reception of the DL DCI and the corresponding PDSCH is equal or larger than the threshold timeDurationForQCL, assuming that SFN PDCCH is not configured but SFN PDSCH is configured. We think SFN-PDSCH is configured doesn’t mean a PDSCH shall be based on a SFN scheme. A PDSCH transmission can be an S-TRP transmission or an SFN PDSCH transmission based on the scheduling DCI. Specifically, if there is no TCI field in the scheduling DCI, the scheduled PDSCH is an S-TRP transmission and the default TCI state is based on the QCL assumptions of the scheduling CORESET. If the scheduling DCI comprises a TCI state field, the PDSCH scheme is based on the TCI state field. Therefore, we propose:
1. Default TCI state of a PDSCH scheduled by a DCI without TCI field is based on the active TCI state for the CORESET when only SFN PDSCH is configured. 
It was agreed in RAN1#106bis-e [3] to down select in RAN1#107-e meeting between two alternatives on CSS associated with SFN CORESETs. For Alt2, UE does not expect PDCCH candidates in CSS, except CSS type 3, to be associated with CORESET with two TCI states. For Alt3, if PDCCH candidates in CSS 0/0A/1/2 are associated with CORESET that is activated with two TCI states, the first TCI state is applied for the CSS reception associated with CORESET configured with scheme 1. In RAN1#107-e, the TCI state determination scheme for Type 3 CSS is agreed, however, there are different views on other CSS except Type 3 CSS. Some companies claim there is no need for agreement since DCI format 1_0  with SFN based transmission is already agreed to be supported. However, we think it is better to make a conclusion for this issue to clarify UE monitoring behavior. Comparing between Alt2 and Alt3, it is clear that Alt3 provides more scheduling flexibility with supporting the associating CSS type 0/0A/1/2 and USS/CSS type 3 with the same CORESET with two activated TCI states. This flexibility is meaningful since PDCCH for scheduling fallback transmission monitor by USS set and PDCCH for scheduling common control information monitored by CSS may share the same CORESET for transmission. Thus, we have the following proposal.
1. If PDCCH candidates in CSS 0/0A/1/2 are associated with CORESET that is activated with two TCI states, the first TCI state is applied for the CSS reception associated with CORESET configured with enhanced SFN transmission scheme 1. 

Beam failure detection and recovery
During the email discussion in RAN1#106-e [4], it was proposed to down select between the alternatives for RS configuration for BFD for explicit configuration. However, no conclusion was reached up to RAN1 #107-e due to the limited discussion time available in the meeting. For each BWP of a serving cell, the UE assesses the DL link quality of a serving cell based on the RS in a set  of periodic CSI-RSs in order to detect beam failure, where the UE compares the radio link quality in each CSI-RS in  to a radio-link quality threshold Qout_LR, corresponding to a 10% BLER estimate for PDCCH transmission. For SFN-based PDCCH transmission with two activated TCI states, the threshold Qout_LR needs to be re-derived to correspond to SFN-based PDCCH transmission rather than a single-point PDCCH transmission, where two periodic CSI-RSs or SSBs with their TCI states corresponding to SFN based PDCCH transmission may be required for estimating the radio link quality. Thus, pairs of RS/SSB can be configured in set , where each of the two elements in the RS/SSB pair corresponds to one of the two TRPs. From this view, we support defining CSI-RS resource or SSB pairs. For schemes that reuse Rel-15/Rel-16 approach for BFD RS configuration, only one CSI-RS or SSB is used for hypothetical BLER calculation and hence it does not match SFN PDCCH transmission for HST. Thus, false alarm on beam failure detection may occur. Therefore, we support defining CSI-RS resource or SSB pairs for explicit configuration. 
1. Support defining CSI-RS resource or SSB pairs for BFD explicit configuration
In RAN1 #106-e, it was agreed that RS of CORESETs with both single and two TCI states are used for implicit configuration. For CORESET with two TCI states, the details of RS determination schemes can be further discussed. In RAN1#106bis-e, it was agreed that one BFD pair for SFN CORESET is counted as two BFD RSs. In RAN1#107-e, it was further agreed that for a CORESET with two activated TCI states, for implicit BFD RS, the method of calculation of radio link quality for RLM /BFD would be left up to RAN4 discussion. Given that two RSs are associated with one SFN CORESET, the maximum number of monitored BFD RSs, denoted as X, may be increased on account of additional SFN based CORESET on top of non-SFN based CORESET. However, the benefit for increasing X is not obvious and may cause notable specification impact, such as defining the rules for selecting multiple BFD RSs for implicit BFD RS configuration. Given the limited remaining limit time for Rel.17 MIMO, we are fine to keep 2 as the maximum value. Based on the discussion, our preference for the maximum numbers of monitored RS is shown as follows
1. Prefer to keep maximum monitored BFD RS number as 2
In RAN1 106bis-e, it was agreed that NBI RS can be configured by scheme Alt 4-1, i.e. using the existing Rel-15 NBI configuration based on single SSB/CSI-RS resource, when two TCI states are activated for a CORESET. However, adding Alt 4-2, i.e., two new beam identification CSI-RS resource sets/new beam identification CSI-RS resource pairs or SSB pairs, is still FFS until RAN1 107-e. If Alt 4-2 can be supported, two new beam(s) may be identified for later PDSCH/PDCCH transmission, which can then support later SFN based PDSCH/PDCCH transmission, which can help improve the transmission reliability. It would be better to support Alt 4-2 to provide the flexibility for later transmission with one or two identified beams. Furthermore, it is compatible with NBI RS configuration for Rel.17 per-TRP based beam failure. Thus, our proposal is:
1. Support Alt 4-2: two new beam identification CSI-RS resource sets or new beam identification CSI-RS resource pairs or SSB pairs
 For BFR, we would like to note that BFR enhancements are proposed based on SFN based PDCCH transmission with HST scenario, which can be used in cases of PCell/PSCell beam failure and/or Scell beam failure. Thus, it can be specified based on extension of PCell/PScell beam failure mechanism defined in Rel-15 and Scell beam failure mechanism defined in Rel-16. In detail, it can include CBRA/CFRA based BFR on SpCell in Rel-15, BFR MAC CE based BFR on SCell in Rel-16 and CBRA BFR on SpCell (with BFR MAC on Msg.3/A) in Rel-16 as listed in the email discussion in RAN1#107-e. For per-TRP based beam failure mechanism, it is specified in Rel-17 for early beam failure detection for each TRP. Enhanced beam failure mechanism and per-TRP based beam failure mechanism can be configured to be used with different targets and different scenarios. The discussion on details of per-TRP based beam failure mechanism are still ongoing in AI 8.1.2.3. Thus, the detailed relation between the proposed BFR mechanism and per-TRP based beam failure mechanism can be further discussed in AI 8.1.2.3.
1. Support BFR enhancements applicable at least to Rel-15 and Rel-16 BFR
Conclusion
This contribution addressed HST-SFN enhancements for NR Rel. 17. We have the following conclusions:
1. SFN Scheme B  does not require the support of SFN Scheme A as a pre-requisite 
1. Support ‘PDSCH-Config’ and ‘PDCCH-Config’ as parent IEs for ‘sfnSchemePdsch’ and ‘sfnSchemePdcch’, respectively
1. Default TCI state of a PDSCH scheduled by a DCI without TCI field is based on the active TCI state for the CORESET when only SFN PDSCH is configured. 
1. If PDCCH candidates in CSS 0/0A/1/2 are associated with CORESET that is activated with two TCI states, the first TCI state is applied for the CSS reception associated with CORESET configured with enhanced SFN transmission scheme 1. 
1. Support defining CSI-RS resource or SSB pairs for BFD explicit configuration
1. Prefer to keep maximum monitored BFD RS number as 2
1. Support Alt 4-2: two new beam identification CSI-RS resource sets or new beam identification CSI-RS resource pairs or SSB pairs
1. Support BFR enhancements applicable at least to Rel-15 and Rel-16 BFR
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