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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]).  Based on RAN4#100-e discussion, agreements are achieved in the approved WF [6, R4-2115335] on RRM timing related requirement: 
	<From approved WF R4-2115335>
· WF1: Downlink timing
· In FR2 HST scenario, PSS/SSS detection is robust enough to handle the ISI and time difference
· RAN4 will not introduce the SSB index allocation limitation in the specifications for FR2 HST scenarios 
· WF2: Uplink timing 
· RAN4 will further study the below options to address uplink timing issues 
· Option 1: One shot UE autonomous large uplink timing adjustment
· Option 2: Other implementation/deployment based solution 



Based on the FR2 HST deployment study, the large propagation delay difference between neighborning RRHs could exist in the following cases, as identified in previous RAN4 meeting: 
(1) For uni-directional RRH deployment, UE may encounter a very large difference in propagation delays from different RRHs to UE, as large as 2.5us, much larger than CP length (assuming 120kHz SCS).
(2) For bi-directional RRH deployment, if a RRH beam is “borrowed” from neighboring RRH to serve the coverage hole region near RRH site, similar large propagation delay difference will also be experienced. 
In the RAN4 meeting #101-bis-e, the following agreement is achieved in WF [8, R4-2202767] on UL timing adjustment. 
	<From approved WF R4-2202767>
· WF1: Network signalling to enable/disable one shot large UL timing adjustment 
· Agreement achieved in GTW (Jan. 21): 
	· Agreement
· Dedicated new RRC based network signalling flag will be specified to enable/disable one shot large UL timing adjustment
· Such above RRC based network signalling is not limited to a particular FR2 HST deployment and/or scenarios, i.e., bi-directional scenario or uni-directional scenario


· WF2: The value of timing difference threshold 
	· Agreement achieved in GTW on 25th Jan: 
· With network signaling to enable one shot large timing adjustment UE shall apply one shot large timing adjustment on TCI switching occasion if UE measurement on DL timing difference is larger than a timing difference threshold.
· Option 1: 9*64*Tc = CP/2
· Option 2: Tq = 4.5*64*TC = CP/4
· Option 3: Select a threshold from above options or new options, and the performance degradation due to timing error on both DL and UL to UE and network after TCI state switch is expected if network assistant signaling to inform UE on cross RRH TCI state switch is not introduced
· Other options are not precluded
· FFS, RRM requirement, and acceptable value of residual error in UE large one-shot UL timing adjustment.


· WF3: Random Access (RA)-based mechanism
· Way Forward: 
· No specification change shall be introduced for the current RA procedure due to Rel-17 FR2 HST. 
· Whether to bring the text proposal to TR in future RAN4 meetings is up to proponent.
· WF4: Scheduling Restriction
· Way Forward: 
· Scheduling restriction related to large propagation delay difference caused by inter-RRH beam switching in FR2 HST: 
· FFS the necessity of UL scheduling restriction (i.e., the UE is not expected to transmit PUCCH/PUSCH/SRS) after cross-RRH TCI state switch until the first TRS is received after the TCI state switch.
· RAN4 introduce scheduling restriction for the symbol before and after reference symbols used for L1-RSRP measurement. 
· Such scheduling restriction shall be specified in clauses of L1 measurement (i.e., L1-SINR and L1-RSRP)



And in the last RAN4 meeting, the following requirement for one shot large UL timing adjustment has been agreed to be introduced, agreed in the big CR [R4-2206016]. 
	7.1.2.X1	One shot large UL timing adjustment for FR2 Power Class 6 UE
When [largeOneStepUL-timingFR2-r17] is enabled for UE supporting FR2 power class 6,
The requirement in clause 7.1.2.1 doesn’t apply to the first UL transmission after a TCI state switch
The UE transmit timing immediately after TCI state switch shall be , where
-	 (in  units) is the DL timing defined as the time when UE receives downlink frame with new target TCI state.
-	 (in  units) is the DL timing defined as the time when UE receives downlink frame with old source TCI state.
[bookmark: _Hlk101773305]The UE UL transmission timing error after the TCI state switching procedure shall be less than or equal to ±[9]*64*Tc, and the reference point shall be the downlink timing of the new cell minus .



We would like to further provide our viewpoints on remaining issues relevant to timing related requirements for FR2 HST in this contribution. 

2 Discussion on Remaining Issues
2.1 Threshold for Applying One Shot Large UL Timing Adj.
As provided in the agreed CR, the one shot large UL timing adjustment is applied for UE supporting FR2 PC6, as long as [largeOneStepUL-timingFR2-r17] is enabled. It should be noted that the it is not fully aligned with the previous agreement, because the additional condition is agreed that one shot large UL timing adjustment can only applied ”if UE measurement on DL timing difference is larger than a timing difference threshold” [R4-2202767]: 
	· Agreement achieved in GTW on 25th Jan: 
· With network signaling to enable one shot large timing adjustment UE shall apply one shot large timing adjustment on TCI switching occasion if UE measurement on DL timing difference is larger than a timing difference threshold.
· Option 1: 9*64*Tc = CP/2
· Option 2: Tq = 4.5*64*TC = CP/4
· Option 3: Select a threshold from above options or new options, and the performance degradation due to timing error on both DL and UL to UE and network after TCI state switch is expected if network assistant signaling to inform UE on cross RRH TCI state switch is not introduced
· Other options are not precluded



Observation 1: It is agreed that ”UE shall apply one shot large timing adjustment on TCI switching occasion if UE measurement on DL timing difference is larger than a timing difference threshold”, while it is not implemented in the agreed CR yet.


Fig. 1. Illustration of timelines with or without one shot large UL timing adjustment

It should be noted that, based on the current requirement, the UE UL transmission timing error will be degraded to ±[9]*64*Tc. Therefore, if the DL timing difference is small enough, it can be handled by the graduate timing adjustment without TX timing degradation. Specifically, if the round-trip delay difference 2*(Tp2 -Tp1) is smaller enough than a fraction of CP length, even without one shot UL timing adjustement, the system performance will still hardly be impacted. For example, considering the case |Tp2 -Tp1|= 4.5Ts, the downlink timing is perfectly compensated, and even without TA value update, UE’s uplink timing will be mismatched by 2*4.5 Ts, which is half of normal CP length for SCS = 120kHz (l≠0 or l≠7*2^(u)), in which the CP length is 144*=1152 Tc = 18*Ts. It is widely recogonized that the ½ CP length timing difference can handle by OFDM receiver with limited performance loss.   
Observation 2: If the round-trip delay difference 2*(Tp2 -Tp1) is smaller enough than a fraction of CP length, the system performance will still hardly be impacted and one shot large timing adjustement is not necessarily applied.
Proposal 1: FR2 HST UE is allowed to perform one shot large UL timing adjustment only if UE identified the DL timing is changed with the magnitude larger than one fourth of OFDM symbol CP length, i.e., 4.5*64*Tc. 
2.2 Accuracy Requirement for One Shot Large UL Timing Adj.
In the last meeting, based on some company’s input, it is proposed that the UE UL transmission timing error after the TCI state switching procedure shall be less than or equal to ±[9]*64*Tc, however, based on our understanding, the value is still needed to be further checked and confirmed. 
As agreed in the last RAN4 meeting, additional TCI switching delay is introduced for UE to perform fine downlink timing tracking, and accrodingly the Trs and Trs-proc are added compared with other power classes in the following expression for  the slot number on which UE is able to receive PDCCH with the target TCI state n+ THARQ +  + TOk*(Tfirst-SSB + TSSB-proc + Trs + Trs-proc) / NR slot length. Therefore, it should be assumed that UE’s fine DL timing tracking on the target TCI state should be as accurate as the accruacy associated with the source TCI state before TCI swtiching. 
Observation 3: Additional TCI switching delay is introduced for UE to perform fine DL timing tracking for unknown target TCI state. 
Observation 4: UE’s fine DL timing tracking on the target TCI state should be as accurate as the accruacy when UE is associated with the source TCI state before TCI swtiching.
As discussed in previous RAN4 discussion, it was proposed that the one UL timing adjustment involves two times DL estimation, i.e., the estimation of transmission from RRH1 and transmission from RRH2, which gives two times of DL estiamtion error. By applying 2 times of the DL timing difference, i.e., 2*(Tp2 -Tp1), the one shot large UL timng adjustment could contains 4 times of DL estiamtion error. 
In Rel-17 enhancement on UE RF requirement, during the discussion of inter-band DL CA requirement (for MRTD reuiqrment for CBM case), the value of DL timing error was agreed as: 
	< Agreement in GTW session (November 09, 2021), RAN4#101-e>
· Agreements
· “DL timing error” is 18ns and 9ns for SSB SCS of 120kHz and 240kHz, respectively



Observation 5: Based on existing RAN4 agreement, DL timing error is 18ns and 9ns for SSB SCS of 120kHz and 240kHz, respectively
Accordingly, the one shot large UL timng adjustment could contains 4 times of DL estiamtion error, which is ±72ns for 120kHz SSB, which is around ±2.21*64*Tc, which is much smaller than the currently defined accuracy, i.e., ±[9]*64*Tc. Furthermore, considering the FR2 HST inter-RRH beam switching case can be comparable to the UE initial transmission defined in clause 7.1.2, we propose to still adopt Te as the accruacy requirement. 
Proposal 2: Adopt Te as the accuracy of UE UL transmission timing after the TCI state switching procedure with one shot large UL timing adjustment performed. 

2.3 TP to TS38.133 for One Shot Large UL Timing Adjustment
According to the above analysis and proposals, we provide the text proposals as below. 
Proposal 3: The text proposal is provided accordingly for the requirement of one shot large UL timing adjustment. 
-------------------------- Start of Text Proposal ---------------------------
7.1.2.3	One shot large UL timing adjustment for FR2 Power Class 6 UE
When [largeOneStepUL-timingFR2-r17] is enabled for UE supporting FR2 power class 6, and UE is required to perform TCI state switching where the magnitude of the DL timing difference of the target and source TCI states exceeds the threshold [4.5]*64*Tc,
-	The requirement in clause 7.1.2.1 doesn’t apply to the first UL transmission after a TCI state switch
-	The UE transmit timing immediately after TCI state switch shall be , where:
-	 (in  units) is the DL timing defined as the time when UE receives downlink frame with new target TCI state.
-	 (in  units) is the DL timing defined as the time when UE receives downlink frame with old source TCI state.
-	The UE UL transmission timing error after the TCI state switching procedure shall be less than or equal to ±[9]*64*TcTe as specified in clause 7.1.2, and the reference point shall be the downlink timing of the new cell minus .
---------------------------- End of Text Proposal ---------------------------

4. Conclusion
In this contribution, we provided our viewpoints on remaining issues of FR2 HST timing related requirements, accordingly the following observations and proposals are obtained: 
Observation 1: It is agreed that ”UE shall apply one shot large timing adjustment on TCI switching occasion if UE measurement on DL timing difference is larger than a timing difference threshold”, while it is not implemented in the agreed CR yet.
Observation 2: If the round-trip delay difference 2*(Tp2 -Tp1) is smaller enough than a fraction of CP length, the system performance will still hardly be impacted and one shot large timing adjustement is not necessarily applied.
Proposal 1: FR2 HST UE is allowed to perform one shot large UL timing adjustment only if UE identified the DL timing is changed with the magnitude larger than one fourth of OFDM symbol CP length, i.e., 4.5*64*Tc. 
Observation 3: Additional TCI switching delay is introduced for UE to perform fine DL timing tracking for unknown target TCI state. 
Observation 4: UE’s fine DL timing tracking on the target TCI state should be as accurate as the accruacy when UE is associated with the source TCI state before TCI swtiching.
Observation 5: Based on existing RAN4 agreement, DL timing error is 18ns and 9ns for SSB SCS of 120kHz and 240kHz, respectively
Proposal 2: Adopt Te as the accuracy of UE UL transmission timing after the TCI state switching procedure with one shot large UL timing adjustment performed. 
Proposal 3: The text proposal is provided accordingly for the requirement of one shot large UL timing adjustment. 
-------------------------- Start of Text Proposal ---------------------------
7.1.2.3	One shot large UL timing adjustment for FR2 Power Class 6 UE
When [largeOneStepUL-timingFR2-r17] is enabled for UE supporting FR2 power class 6, and UE is required to perform TCI state switching where the magnitude of the DL timing difference of the target and source TCI states exceeds the threshold [4.5]*64*Tc,
-	The requirement in clause 7.1.2.1 doesn’t apply to the first UL transmission after a TCI state switch
-	The UE transmit timing immediately after TCI state switch shall be , where:
-	 (in  units) is the DL timing defined as the time when UE receives downlink frame with new target TCI state.
-	 (in  units) is the DL timing defined as the time when UE receives downlink frame with old source TCI state.
-	The UE UL transmission timing error after the TCI state switching procedure shall be less than or equal to ±[9]*64*TcTe as specified in clause 7.1.2, and the reference point shall be the downlink timing of the new cell minus .
---------------------------- End of Text Proposal ---------------------------
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