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Introduction
In this contribution, we discuss the enhancement of HST-SFN deployment. 
UE based solution
For UE based solution, following agreements were made in RAN1#104e meeting [1].
	Agreement
Scheme 1 is supported in Rel-17
· TRS is transmitted in TRP-specific / non-SFN manner
· DM-RS and PDCCH/PDSCH from TRPs are transmitted in SFN manner
· FFS other details
 
Agreement
For scheme 1 and SFN transmission of PDCCH support Variant E for QCL assumption in TCI state when TRS is used as source RS
 
Agreement
For HST-SFN scenario:
· Support semi-static (RRC based) switching of scheme 1 (PDSCH) with 2a, 2b, 3, 4
· FFS all other details including RRC signaling, possible RAN4 impact (if any), etc.

Agreement
Two TCI states are supported for scheme 1 in FR2


2.1 Dynamic switching between Scheme 1 and S-TRP
In Japan, we will have new type of high speed train, whose commercial maximum speed is 500km/h, from Tokyo to Nagoya on 2027. More than 80% of the total length of the rail line is in tunnel. We would deploy 5G NR services by bi-directional SFN (not uni-directional SFN), considering the deployment cost. The issue of bi-directional SFN is that Doppler shift between +fD and -fD changes dynamically and frequently, due to the same DL signal coming from both direction of front and back. Due to the 4-symbol minimum gap between two TRS symbols, the bi-directional SFN cannot support 500km/h at fc = 2GHz [2]. Based on RAN4 assessment, the maximum carrier frequency to support 500km/h in bi-directional SFN or DPS is 1.88GHz. Note that LTE’s maximum carrier frequency to support 500km/h in bi-directional SFN was 2.1GHz, due to the 3-symbol minimum gap between two CRS symbols.
In our understanding, Rel.17 HST scheme 1 enables to support 500km/h @2GHz in bi-directional SFN. From operator perspective, we should support both Rel.15/16 UEs and Rel.17 UEs in HST scenario. Hence, we would deploy 5G NR in bi-directional SFN at fc < 1.88GHz, and additionally deploy Rel.17 HST schemes. Considering the deployment cost, we cannot ensure that NW will deploy Rel.17 Scheme 1 in all of the rail line. Then, the switching between Scheme 1 and bi-directional SFN happens.
Even if UE is configured with Scheme 1, UE can receive S-TRP PDSCH scheduled by DCI format 1_0. It means UE supports dynamic switching between PDSCH scheduled by Scheme1 and S-TRP PDSCH scheduled by DCI format 1_0. Hence, UE should be able to support dynamic switching between Scheme 1 and S-TRP within a DCI format (e.g. by TCI state field) as well. It is true that the enhanced demodulation processing for HST-SFN is enabled, if highSpeedDemodFlag-r16 is configured with true. However, this RRC parameter was added in RAN4, the relationship between Scheme 1 and highSpeedDemodFlag-r16 should be discussed in RAN4.
Proposal 1:
· Support dynamic switching between Scheme 1 and S-TRP by TCI state field in DCI format 1_1/1_2, from RAN1 perspective.  

NW based solution
For NW based solution, following agreement was made in RAN1#104e meeting [1].
	Conclusion
The decision on support of specification based TRP pre-compensation scheme for HST-SFN scenario to be made in RAN1#104-e-bis meeting. To facilitate RAN1 decision, companies are encouraged to provide evaluation results according to the agreed evaluation assumptions. The evaluations not compliant with agreed assumptions will not be considered by RAN1 in the decision process.


In NW based solution, TRS is transmitted in TRP specific manner, and Doppler pre-compensation is applied for the transmission of PDCCH/PDSCH. In RAN1#104e meeting, multiple companies showed evaluation results that NW based solution outperforms UE based solution (i.e. Scheme 1/2). Considering the performance benefit of NW based solution, NW based pre-compensation scheme should be supported in Rel.17.
Proposal 2:
· For SFN based PDSCH transmission in HST, support NW based pre-compensation scheme.

SFN transmission of PDCCH
For SFN transmission of PDCCH, following agreements were made in RAN1#104e meeting [1].
	Agreement
· Support MAC CE activation of two TCI states for PDCCH
· FFS other details


In Rel-15/16, TCI state of PDCCH can be used as default beam for PDSCH/PUCCH/PUSCH/SRS. If one CORESET is activated with two TCI states, for S-TRP PDSCH/PUCCH/PUSCH/SRS transmission, new rules need to be defined to determine one of the TCI states of PDCCH as default beam for PDSCH/PUCCH/PUSCH/SRS, e.g., TCI state with lowest ID of the CORESET. Furthermore, S-DCI based M-TRP PDSCH repetition was supported in Rel-16, and S-DCI based M-TRP PUCCH and PUSCH repetition is supported in Rel-17. With CORESET indicated with two TCI states, two default beams from the two TCI states for S-DCI based M-TRP PDSCH/PUCCH/PUSCH repetition can be also supported.
Proposal 3:
· If a CORESET is indicated with two TCI states, for S-TRP PDSCH/PUSCH/PUCCH/SRS, define rules to determine one of the TCI states of the CORESET used as default beam for PDSCH/PUSCH/PUCCH.
· If a CORESET is indicated with two TCI states, support two TCI states of the CORESET used as default beams for M-TRP PDSCH/PUSCH/PUCCH repetition.
In Rel-15/16, for RLM/BFD, when detection RS set is not provided, RSs in TCI states for CORESETs are used as RLM/BFD detection RS. When a CORESET is indicated with two TCI states, for RLM and per cell BFD, RSs in both TCI states of the CORESET can be used as detection RS so that channel condition between UE and both TRPs are taken into account. Furthermore, when detection RS set is explicitly provided, for the same reason, it is beneficial that the RS set includes RSs in both TCI states of a CORESET. How to ensure the detection RS set includes RSs in both TCI states of a CORESET can be further studied. In addition, per TRP BFD/BFR is studied in Rel-17, whether per TRP BFD/BFR is supported with SFN PDCCH repetition scheme can be further studied.
Proposal 4:
· For RLM and per cell BFD, when RLM/BFD RS set is not explicitly provided, for a CORESET indicated with two TCI states, RSs in both TCI states are used as RLM/BFD RS.
· For RLM and per cell BFD, when RLM/BFD RS set is explicitly provided, for a CORESET indicated with two TCI states, study how to ensure the detection RS set includes RSs in both TCI states of a CORESET.
· Further study whether per TRP BFR is supported with SFN PDCCH repetition scheme.
In Rel-15/16, if PDCCH candidates in overlapping PDCCH monitoring occasions in multiple CORERSETs have different QCL-TypeD, UE monitors PDCCH only in a CORESET having the same QCL-TypeD as the CORESET determined from the priority rule that CSS has higher priority than USS and SS set with lower index has higher priority. If a CORESET can be activated with two TCI states, the rule for PDCCH monitoring in multiple CORESETs with different QCL-TypeD needs to be studied. For example, if Rel-16 priority rule is reused, if the CORESET determined from the priority rule is activated with one TCI state, it need to be studied whether another CORESET activated with two TCI states in overlapping monitoring occasion can be monitored.  
Proposal 5:
· When a CORESET is activated with two TCI states, study new rule for PDCCH monitoring of PDCCH candidates in overlapping monitoring occasion with different QCL-TypeD.

Conclusion
In this contribution, we discussed the enhancements on HST-SFN deployment. Based on the discussion, we made the following proposals.
Proposal 1:
· Support dynamic switching between Scheme 1 and S-TRP by TCI state field in DCI format 1_1/1_2, from RAN1 perspective.  
Proposal 2:
· For SFN based PDSCH transmission in HST, support NW based pre-compensation scheme.
Proposal 3:
· If a CORESET is indicated with two TCI states, for S-TRP PDSCH/PUSCH/PUCCH/SRS, define rules to determine one of the TCI states of the CORESET used as default beam for PDSCH/PUSCH/PUCCH.
· If a CORESET is indicated with two TCI states, support two TCI states of the CORESET used as default beams for M-TRP PDSCH/PUSCH/PUCCH repetition.
Proposal 4:
· For RLM and per cell BFD, when RLM/BFD RS set is not explicitly provided, for a CORESET indicated with two TCI states, RSs in both TCI states are used as RLM/BFD RS.
· For RLM and per cell BFD, when RLM/BFD RS set is explicitly provided, for a CORESET indicated with two TCI states, study how to ensure the detection RS set includes RSs in both TCI states of a CORESET.
· Further study whether per TRP BFR is supported with SFN PDCCH repetition scheme.
Proposal 5:
· When a CORESET is activated with two TCI states, study new rule for PDCCH monitoring of PDCCH candidates in overlapping monitoring occasion with different QCL-TypeD.
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