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1. Introduction
In RAN Plenary #89-e, the RAN4-led work item of NR support for high speed train scenario in FR2 has been approved [1, RP-202118] (which has been further revised to [2, RP-210800]).  In this contribution, we would like to further discuss the remaining issues on the signaling characteristics requirements for FR2 HST. 
For signal characteristics related RRM requirement, the following agreement is achieved, captured in the approved WF [3, R4-2202594] and Chairman Notes: 
	· WF7: Signaling characteristics
· RLM/BFD evaluation period 
	Agreement:
Define scaling factor N for no DRX and DRX cycle <=80 ms by following the number of RX beams per UE for Set 1 and Set 2: Set 1: 2 RX beams; (2) Set 2: 6 RX beams.


· TCI switching delay
	Way forward:
FFS how to avoid inter-symbol interference during TCI switching for FR2 HST scenario.


· Uplink Spatial Relation Switch Delay
	Agreement:
For the known conditions for spatial relation when associated with DL-RS, the requirement defined in Rel-16 shall be reused, and no standard impact is expected for Rel-17 FR2 HST.





 
In this contribution, we will provide our viewpoints on the remaining issues on the signaling characteristics requirements for FR2 HST 

2. RLM/BFD evaluation period
In the last RAN4 meeting (RAN4#101-bis-e), the following agreement is achieved: 
	<From approved WF R4-2202594>

· WF7: Signaling characteristics
· RLM/BFD evaluation period 
	Agreement:
Define scaling factor N for no DRX and DRX cycle <=80 ms by following the number of RX beams per UE for Set 1 and Set 2: Set 1: 2 RX beams; (2) Set 2: 6 RX beams.






Accordingly, the text proposal is provided for SSB based RLM as an example.
Proposal 1: The exemplary text proposal for FR2 HST UE SSB-based RLM evaluation period is provided as: 
------------------------------------- Beginning of Text Proposal for SSB-based RLM -----------------------------------
8.1.2.2	Minimum requirement
UE shall be able to evaluate whether the downlink radio link quality on the configured RLM-RS resource estimated over the last TEvaluate_out_SSB [ms] period becomes worse than the threshold Qout_SSB within TEvaluate_out_SSB [ms] evaluation period.
UE shall be able to evaluate whether the downlink radio link quality on the configured RLM-RS resource estimated over the last TEvaluate_in_SSB [ms] period becomes better than the threshold Qin_SSB within TEvaluate_in_SSB [ms] evaluation period.
TEvaluate_out_SSB and TEvaluate_in_SSB are defined in Table 8.1.2.2-1 for FR1.
TEvaluate_out_SSB and TEvaluate_in_SSB are defined in Table 8.1.2.2-2 for FR2 with scaling factor N=8, for FR2 power classes other than power class 6.
TEvaluate_out_SSB and TEvaluate_in_SSB are defined in Table 8.1.2.2-2 for FR2 with scaling factor N = 2 or 6, by following the network configuration [highSpeedMeasFR2Flag] = [set1] or [set2] respectively, for FR2 power class 6. The requirement for power class 6 is only applicable to the configuration with no DRX or DRX cycle≤80ms. 
------------------------------------------- End of Text Proposal for SSB-based RLM -----------------------------------
For CSI-RS based RLM and BFD, the introduction of FR2 HST UE (i.e., FR2 PC6 UE) has no standard impact on existing FR2 CSI-RS-based RLM and BFD requirement respectively. 
Proposal 2: For CSI-RS based RLM and BFD, no standard impact is expected for Rel-17 FR2 HST UE (i.e., FR2 PC6 UE). 

3 Active TCI State Switching Delay
Based on RAN4#101-e discussion, it is agreed that “The existing 1280ms duration for known condition is applied for FR2 HST scenario.” Based on the above conclusion, it is concluded that the known condition for TCI state defined in TS38.133 clause 8.10.3 can be reused, and no standard impact is expected. 
In the last RAN4 meeting, the following WF on TCI switching delay is captured in WF [3]: 
	· TCI switching delay
	Way forward:
FFS how to avoid inter-symbol interference during TCI switching for FR2 HST scenario.





 
The potential inter-symbol interference comes from the following issue: 
If the target TCI state is known, and the target TCI state is in the active TCI state list for PDSCH, based on the clause 8.10.3 for MAC-CE based TCI state switching delay: 
· UE shall be able to receive PDCCH with target TCI state of the serving cell on which TCI state switch occurs at the first slot that is after slot n+ THARQ + 
· The UE shall be able to receive PDCCH with the old TCI state until slot n+ THARQ +  
In other words, there is no interruption allowed for this case. 
Observation 1: If the target TCI state is known, and the target TCI state is in the active TCI state list for PDSCH, there is no interruption allowed during MAC-CE based TCI state switching. 

For FR2 HST UE scenario, the one-trip propagation delay is changed from Tp1 (for RRH1) to Tp2 (for RRH2), and if the length of (Tp1 - Tp2) is comparable to CP length, it is possible to have inter-symbol interference which can not be accommodated by the CP length of the OFDM symbol from the target RRH. 
 


Observation 2: During TCI switching between RRHs in FR2 HST scenario, it is possible to have inter-symbol interference which cannot be accommodated by the CP length of the OFDM symbol from the target RRH. 

Considering the above-mentioned problem in Observation 2, we propose to allow one more slot for interruption for FR2 HST scenario. 
Proposal 3: One more slot is allowed for interruption during TCI switching for FR2 HST scenario. 

Accordingly, the text proposal is provided for MAC-CE based TCI state switching delay: 
--------------------------- Beginning of Text Proposal for MAC-CE based TCI state switching delay ----------------------------
8.10.3	MAC-CE based TCI state switch delay
If the target TCI state is known, upon receiving PDSCH carrying MAC-CE activation command in slot n, UE shall be able to receive PDCCH with target TCI state of the serving cell on which TCI state switch occurs at the first slot that is after slot n+ THARQ + + TOk*(Tfirst-SSB + TSSB-proc) / NR slot length. For FR2 power class 6, the UE shall be able to receive PDCCH with the old TCI state until slot n+ THARQ + , otherwise The the UE shall be able to receive PDCCH with the old TCI state until slot n+ THARQ +  .Where THARQ is the timing between DL data transmission and acknowledgement as specified in TS 38.213 [3]; 
-	Tfirst-SSB is time to first SSB transmission after MAC CE command is decoded by the UE; The SSB shall be the QCL-TypeA or QCL-TypeC to target TCI state
-	TSSB-proc = 2 ms; 
-	TOk = 1 if target TCI state is not in the active TCI state list for PDSCH, 0 otherwise.
If the target TCI state is unknown, upon receiving PDSCH carrying MAC-CE activation command in slot n, UE shall be able to receive PDCCH with target TCI state of the serving cell on which TCI state switch occurs at the first slot that is after slot n+ THARQ + + TL1-RSRP +TOuk*(Tfirst-SSB+ TSSB-proc) / NR slot length. The UE shall be able to receive PDCCH with the old TCI state until slot n+ THARQ +  .
Where 
-	T L1-RSRP = 0 in FR1 or when the TCI state switching not involving QCL-TypeD in FR2. Otherwise, 
-	T L1-RSRP is the time for Rx beam refinement in FR2, defined as
-	TL1-RSPR_Measurement_Period_SSB for SSB as specified in clause 9.5.4.1, 
-	with the assumption of M=1
-	with TReport = 0
-	TL1-RSRP_Measurement_Period_CSI-RS for CSI-RS as specified in clause 9.5.4.2
-	configured with higher layer parameter repetition set to ON 
-	with the assumption of M=1 for periodic CSI-RS
-	for aperiodic CSI-RS if number of resources in resource set at least equal to MaxNumberRxBeam
-	with TReport = 0
-	TOuk = 1 for CSI-RS based L1-RSRP measurement, and 0 for SSB based L1-RSRP measurement when TCI state switching involves QCL-TypeD
-	TOuk = 1 when TCI state switching involves other QCL types only
-	Tfirst-SSB is time to first SSB transmission after L1-RSRP measurement when TCI state switching involves QCL-TypeD; 
-	Tfirst-SSB is time to first SSB transmission after MAC CE command is decoded by the UE for other QCL types;
-	The SSB shall be the QCL-TypeA or QCL-TypeC to target TCI state 
-------------------------------- End of Text Proposal for MAC-CE based TCI state switching delay ----------------------------

4 Conclusion
In this contribution, we have further discussed the remaining issues on the signaling characteristics requirements for FR2 HST, with the following observations and proposals provided: 
<RLM/BFD evaluation period>
Proposal 1: The exemplary text proposal for FR2 HST UE SSB-based RLM evaluation period is provided as: 
------------------------------------- Beginning of Text Proposal for SSB-based RLM -----------------------------------
8.1.2.2	Minimum requirement
UE shall be able to evaluate whether the downlink radio link quality on the configured RLM-RS resource estimated over the last TEvaluate_out_SSB [ms] period becomes worse than the threshold Qout_SSB within TEvaluate_out_SSB [ms] evaluation period.
UE shall be able to evaluate whether the downlink radio link quality on the configured RLM-RS resource estimated over the last TEvaluate_in_SSB [ms] period becomes better than the threshold Qin_SSB within TEvaluate_in_SSB [ms] evaluation period.
TEvaluate_out_SSB and TEvaluate_in_SSB are defined in Table 8.1.2.2-1 for FR1.
TEvaluate_out_SSB and TEvaluate_in_SSB are defined in Table 8.1.2.2-2 for FR2 with scaling factor N=8, for FR2 power classes other than power class 6.
TEvaluate_out_SSB and TEvaluate_in_SSB are defined in Table 8.1.2.2-2 for FR2 with scaling factor N = 2 or 6, by following the network configuration [highSpeedMeasFR2Flag] = [set1] or [set2] respectively, for FR2 power class 6. The requirement for power class 6 is only applicable to the configuration with no DRX or DRX cycle≤80ms. 
------------------------------------------- End of Text Proposal for SSB-based RLM -----------------------------------
Proposal 2: For CSI-RS based RLM and BFD, no standard impact is expected for Rel-17 FR2 HST UE (i.e., FR2 PC6 UE). 

<Active TCI State Switching Delay>
Observation 1: If the target TCI state is known, and the target TCI state is in the active TCI state list for PDSCH, there is no interruption allowed during MAC-CE based TCI state switching. 
Observation 2: During TCI switching between RRHs in FR2 HST scenario, it is possible to have inter-symbol interference which cannot be accommodated by the CP length of the OFDM symbol from the target RRH. 
Proposal 3: One more slot is allowed for interruption during TCI switching for FR2 HST scenario. 
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