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Introduction
At RAN4#102-e meeting, the RRM Core part of HST FR2 Relaese-17 was formally completed. However, some of the issues especially in relation to UL timing requirements in HST FR2 scenario left open.
The latest form of UL timing adjustment requirements after RAN4#102-e is defined in the endorsed draftCR [1].
However, the need for the following clarifications on one shot large UL timing adjustment were captured in the RAN4#102-e Chairman Notes [2]:
	Agreement:
· The conditions when one shot large UL timing adjustment requirements apply are FFS
· Requirements for the case when [largeOneStepUL-timingFR2-r17] is not enabled need to be defined and are FFS. It is not precluded to reuse legacy requirements.



In particular, at RAN4#101-bis-e [3], the introduction of DL timing difference threshold as a condition for the UL timing adjustment was discussed:
	· 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



Additionally, it was agreed at RAN4#102-e GtW session to introduce a new TCI state switching delay for the UEs that support only one active TCI state switch:
	· Agreement
· Introduce additional TCI switching delay for UE to perform fine downlink timing tracking


The corresponding specification changes can be found draftCR [4] endorsed at RAN4#102-e.

At the previous RAN4 meetings, it was also agreed that when large one-step UL timing is disabled the NW-based, e.g., RA-based, mechanism shall be used when needed [5]:
	· It is up to network configuration to enable one shot large uplink timing adjustment mechanism
1. RAN4 will further study if additional flag, e.g., unidirectional flag on top of general FR2 HST scenario flag is needed to enable one shot large uplink timing adjustment 
2. RAN4 will further study the network configuration means to disable one shot large uplink timing adjustment. 
3. If one shot large uplink timing adjustment is disabled, existing uplink timing adjustment, i.e., RA based mechanism, and related existing RAN4 requirements will be applied when needed


However, so far, the companies didn’t have enough time to discuss the details of such NW-based mechanism.
In this contribution we provide our clarifications on the following topics:
· NW-based mechanism and requirements for the case when highSpeedLargeOneStepUL-TimingFR2-r17 is not enabled
· Conditions for large one-step UL timing adjustment
· UL timing accuracy after TCI state switch

The proposals re reflected in our accompanying CR on UL Timing requirements to TS 38.133 [6] and in CR to TR 38.854 on NW/RA-based UL timing adjustment mechanism [7].


Discussion
Package solution for UL timing adjustment
In general, we see it important to consider a package solution for the problem of UL timing adjustment at TCI state switch in HST FR2 scenarios. It is necessary to ensure system integrity such that it is clear what are the expected UE requirements and behavior such that network can account this depending on the different scenarios. Current scenarios include two alternative mechanisms:
· NW-based mechanism, used when highSpeedLargeOneStepUL-TimingFR2-r17 flag [8] is False;
· UE-based mechanisms used when highSpeedLargeOneStepUL-TimingFR2-r17 is True.
The diagram of such package solution is shown in Figure 1 below.
It was agreed at RAN4#102-e not to introduce dedicated signaling to distinguish inter- and intra-RRH TCI state switch, in Rel-17 [1]:
	· Agreements
· Inter-RRH indication
· Do not introduce explicit inter-RRH indication signalling for NR FR2 HST in Rel-17
· FR2 HST Inter-RRH indication signalling enancements can be considered in Rel-18 subject to RAN plenary decision



Therefore, the UE does not get direct network indication that could be used to infer whether a large jump in propagation delay is expected. This information can be available at the UE if it tracks multiple active TCI states (hence, supports maxNumberActiveTCI-PerBWP larger than 1) and the active TCI state list includes the target TCI state. Otherwise, it was agreed that additional time is needed for the UE to get in synch with the target TCI state.
In a particular case of uni-directional Scenario-A where only one TX beam per RRH is expected, every TCI state switch will be inter-RRH, i.e., a large jump in propagation delay will follow each TCI state change. Therefore, for this scenario, the UE will always need to perform UL large timing adjustment either using RA-based procedure or with large one-step adjustment at the UE.
However, it was agreed in RAN4 to consider a generic solution for the UL timing adjustment problem [3]:
	· 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



If there are more than one DL TX beams per RRH or in bi-directional scenarios, the UE needs to infer whether a significant change in propagation delay will happen at each TCI switch (e.g., inter-RRH TCI state switch), i.e., whether a significant adjustment in UL timing is needed, or not (e.g., intra-RRH TCI state switch). One direct condition for triggering large UL timing adjustments can based on the UE evaluation of DL propagation delay time difference between the source and target TCI states. In this case three options are possible, that are reflected in the diagram in Figure 1:
No large jump in DL propagation delay (e.g., Intra-RRH TCI state switch or switch in the middle between RRHs):
1. The UE must follow legacy gradual timing adjustment requirements defined in TS 38.133, 7.1.2.1
Large jump in DL propagation delay (e.g., Inter-RRH TCI state switch):
2. UE must follow RACH-based procedure when Large One-step adjustment in disabled
3. UE must follow UE-based Large One-step adjustment.

The DL propagation delay time difference condition should be common and independent from whether the UE-based or NW-based UL timing adjustment mechanisms is in use. In particular, there is no need in RA preamble transmission after TCI state switch if DL propagation time difference is not significant and gradual timing adjustment within Tq can be used.



[bookmark: _Ref100679787]Figure 1: The diagram of UL timing adjustment package solution in HST FR2 scenarios.

 Since it was agreed not to introduce explicit inter-RRH indication signaling for NR FR2 HST in Rel-17, the UE should be able to evaluate whether a large jump in propagation delay is expected at the TCI state switch or not. There is no need in RA preamble transmission after TCI state switch if DL propagation time difference is not significant and gradual timing adjustment can be used.
If RAN4 agrees to introduce DL propagation delay time difference threshold as a condition for UL timing adjustment at TCI state switch, it shall apply both to NW/RA-based and UE-based large one-step mechanisms.

The exact value of the threshold and further details of the timing adjustment mechanisms are discussed in the following sections below.

Accuracy of DL propagation time difference evaluation
The DL timing difference depends on whether the TCI switch is within the same RRH or between non-collocated RRH’s. Capability of tracking the accurate DL timing of RS in different TCI states is a UE capability and hence, some UEs can only track accurate timing of 1 TCI state while other UEs can track accurate timing of more than 1 TCI state. 
The UE error in DL timing difference evaluation will depend on the UE capability to track TCI states, hence, whether UE can track timing RS of both target and source beams and on the accuracy of DL timing itself.
The accuracy of DL timing can be evaluated based on the RS bandwidth and UE clock drift during inter-RS interval:
· For a given RS BW the timing accuracy can be valuated as 1/(2*BW)
· The UE clock drift defined in x ppm results in timing error of x/10e6*(SSB interval in s)

As we have discussed in our previous contribution [9], assuming 120KHz SCS, 28.8MHz SSB BW, 74.88MHz TRS BW, 20 ms RS (SSB or TRS) periodicity, and 0.1ppm UE clock drift, the possible error in DL timing () is
 = 1/(2*28.8MHz) + 0.1/10e6*20*10e-3 = 17.4 ns + 2 ns = ±19.4 ns for SSB, and
 = 1/(2*74.88MHz) + 0.1/10e6*20*10e-3 = 6.7 ns + 2 ns = ±8.7 ns for TRS.

Thus, if UE can track accurately both target and source beams simultaneously the error in the DL timing difference evaluation is
 = ± 19.4 * 2 = ±38.8 ns based on SSB, and
 = ± 8.7 * 2 = ±17.4 ns based on TRS.

However, if UE is only capable of tracking 1 TCI state, there will be an additional TCI state switching delay needed to allow for fine time tracking in the target beam. This delay is defined in the endorsed draftCR [4], and consists of:
· time to first SSB transmission after MAC CE command
· time to the first TRS or SSB transmission after the SSB transmission
· TSSB-proc = 2 ms
· THARQ - the timing between DL data transmission and acknowledgement
Since TCI state switching MAC CE can be received at UE in the end of SSB period, we can assume 3 SSB periods as time interval in between the last DL synchronization in the source beam and the DL synchronization in the new target beam.
During this time the UE will continue its movement at 350 km/h speed, and the evaluation of the propagation delay in the source beam will get outdated.
With maximum speed of 97.2 m/s (350km/h) the train travels in 3*20 = 80 ms around 97.2*80*10e-3 = 7.8 m, resulting in additional 7.8/3*10e8 = 26 ns propagation delay. This will introduce an additional 26 ns error in the DL timing difference evaluation, resulting in the total error DL propagation delay difference evaluation error of
38.8 + 26 = ±64.8 ns based on SSB;
17.4 + 26 = ±43.4 ns based on TRS.

In addition to that, the RRHs of the same cell may not be synchronized ideally. This is due to the component difference, total link delay measurement/calibration accuracy, temperature-dependent fiber delay variation, etc. Inter-RRH non-synchronicity can achieve a few tens or even a hundred of nanoseconds depending on the implementation.
All sources of errors in the DL timing difference evaluation are demonstrated in Figure 2 below.

The sources of error in the DL propagation delay time difference include inaccuracy in evaluation and obsoletion of DL timing, and inter-RRH synchronization errors. UE capable of tracking only one TCI state is subject to a higher error in DL timing difference evaluation.



[bookmark: _Ref100848649]Figure 2: Sources of errors in DL propagation delay time difference evaluation.

On the value of the DL timing difference threshold
At RAN4#101-bis-e [3] the introduction of DL timing difference threshold as a condition for the UL timing adjustment was discussed with the following options for the value of the threshold (ΔT):
· Option 1: 9*64*Tc = CP/2 = 294 ns
· Option 2: Tq = 4.5*64*Tc = CP/4 = 147 ns

UL transmit timing is based on DL receive timing as a reference, i.e., it accounts for the roundtrip time from/to the RRH. Hence, the UL timing adjustment is twice the DL propagation delay time difference. Consequently, the errors in the evaluation of the DL timing difference are doubled as well. UL timing adjustment based on propagation delay timing difference with errors induced by DL timing evaluation errors from Figure 2 are shown in Figure 3.



[bookmark: _Ref100852364]Figure 3: An illustration of error in UL timing adjustment evaluation by UE.

We can take Option 2 (147 ns) as a threshold reference and analyze all possible UL timing adjustment scenarios:
1. The TCI state switch is intra-RRH:
This means that the actual/perfect DL propagation delay time difference ΔT is around 0, but due to the error the UE can evaluate it in the worst case as ±64.8 ns (see previous section). Since this value is far below the threshold, large one-shot UL timing adjustment will not be applied, and legacy gradual timing adjustment procedure (TS 38.133, 7.1.2.1) will be used. It will be ensured that transmission timing error between the UE and the reference DL timing in the target beam is within Te.
2. The TCI state switch is inter-RRH and with large propagation delay difference:
The reference value of DL propagation delay time difference for 700 inter-RRH distance is on the level of 2.4 ms, what is considerable above the threshold.
Hence, either NW-based or UE-based mechanisms for large UL timing adjustment will be triggered with associated accuracy.
3. The TCI state switch is inter-RRH and with small propagation delay difference
This, for example, can happen in bi-directional deployments, when the TCI state switch takes place around the middle between the RRHs. The TCI state switch is based on signal strength (RSRP) report and cannot take propagation delays to the source and target RRHs into account.
a. The actual/perfect ΔT is above the threshold but due to error it is evaluated to be below it
For example, the true ΔT can be 204 ns but the UE evaluated it with error as 204 - 64 = 140 ns.
The legacy gradual UL timing adjustment procedure will be used. After the TCI state switch, in the UL, UE will need to adjust for 2*204 = 408 ns, whereases the maximum gradual adjustment Tq is only 4.5*64*Tc = 147 ns. Thus, the resulting error in UL timing will be 408 – 147 = 261 ns. This is 146 ns over Te = 3.5*64*Tc = 115 ns.
Such scenario is illustrated in Figure 3.
b. The actual difference is below the threshold but due to error it was evaluated by the UE above it.
Either NW-based or UE-based mechanisms for large UL timing adjustment will be triggered with associated accuracy.

Above, it is explained that the situation (3.a) can results in significant UL transmit timing errors. One way to mitigate this problem is to use much smaller threshold on DL propagation delay time difference.
For example, if the threshold equals to 2*64*Tc = 65 ns instead of 4.5*64*Tc = 147 ns, the maximum DL time difference (ΔT) 64 + 64.8 = 129 ns can be evaluated with error by the UE as 64 ns. Then, the UE will need to make UL timing adjustment of 129*2 = 257 ns. With the maximum possible UL adjustment equal to Tq = 147 ns UL transmit timing error will be 110.6 ns that is within Te = 115 ns.

When the TCI state switch is associated with a small non-zero jump in propagation delay it is possible that the actual DL propagation delay time difference between source and target TCI states is above the threshold but due to DL time tracking errors it is evaluated to be below it. In this case, an error in UL transmit timing can significantly exceed Te. For example, such a situation may happen in bi-directional deployments when the TCI state is switched around the middle in between the RRHs. Such an error will impact gNB performance, i.e., result in UL signal quality degradation.

The high error in UL transmit timing can be mitigated either by selecting the threshold considerably below 4.5*64*Tc = CP/4, or by using DL propagation delay time difference threshold as a condition for large timing adjustment only in uni-directional deployments.

The threshold on DL propagation delay time difference used as a condition for large UL timing adjustment (either NW- or UE-based) shall not exceed 2*64*Tc = CP/9 = 65 ns for 120kHz SCS.

If RAN4 cannot agree on the value of DL propagation delay timing difference threshold below CP/9 then the threshold shall be used only in uni-directional deployments, i.e., when the flag highSpeedDeploymentTypeFR2-r17 is unidirectional.

Following Proposal 3, the lower part of diagram in Figure 3 can be modified as it is shown in Figure 4 below.


[bookmark: _Ref101256049]Figure 4: HST FR2 UL timing adjustment package solution with the DL propagation delay difference threshold used only in uni-directional deployments.


Large one-step UL timing adjustment and its accuracy
The latest form of UL timing adjustment requirements in TS 38.133 Clause 7.1.2.3 after RAN4#102-e is implemented following the endorsed draftCR [2]:
	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,
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*Tc, and the reference point shall be the downlink timing of the new cell minus .



Firstly, we would like to note that there are some inconsistencies in requirement text. Hence, the more accurate formulations should be used, at least for the following statements:
· “immediately after TCI state switch”
· “after the TCI state switching procedure”
· “timing of the new cell”
Since the TCI state switching delay was defined in [4], and corresponding requirements is introduced in TS 38.133 Clause 8.10.3A “MAC-CE based TCI state switch delay in HST FR2 scenarios”, there is clear time reference when the TCI state switch is over.
Additionally, the TCI state switch happens to the new target TCI state and not to the new cell.
The corresponding corrections are reflection in our accompanying CR [6].
The current UL timing adjustment requirement defined in TS 38.133 Clause 8.10.3A contain some inconsistencies, such as different formulations for TCI state switch and wrong reference to DL timing that shall be corrected.

Next, existing UL timing requirements are formulated in TS 38.133:
	7.1.2	Requirements
The UE initial transmission timing error shall be less than or equal to Te where the timing error limit value Te is specified in Table 7.1.2-1. This requirement applies:
-	when it is the first transmission in a DRX cycle for PUCCH, PUSCH and SRS, or it is the PRACH transmission, or it is the msgA transmission.
The UE shall meet the Te requirement for an initial transmission provided that at least one SSB is available at the UE during the last 160 ms.

Table 7.1.2-1: Te Timing Error Limit
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te

	1
	15
	15
	12*64*Tc

	
	
	30
	10*64*Tc

	
	
	60
	10*64*Tc

	
	30
	15
	8*64*Tc

	
	
	30
	8*64*Tc

	
	
	60
	7*64*Tc

	2
	120
	60
	3.5*64*Tc

	
	
	120
	3.5*64*Tc

	
	240
	60
	3*64*Tc

	
	
	120
	3*64*Tc

	Note 1:	Tc is the basic timing unit defined in TS 38.211 [6]



When it is not the first transmission in a DRX cycle or there is no DRX cycle, and when it is the transmission for PUCCH, PUSCH and SRS transmission, the UE shall be capable of changing the transmission timing according to the received downlink frame of the reference cell except when the timing advance in clause 7.3 is applied.



	7.1.2.1	Gradual timing adjustment
Requirements in this section shall apply regardless of whether the reference cell is on a carrier frequency subject to CCA or not. 
When the transmission timing error between the UE and the reference timing exceeds Te then the UE is required to adjust its timing to within Te. The reference timing shall be [image: ] before the downlink timing of the reference cell. All adjustments made to the UE uplink timing shall follow these rules:



Additionally, the following RRM performance tests are defined in the Appendix of TS 38.133 corresponding to the requirement of Section 7.1.2, that the UE shall be capable of changing the transmission timing according to the received downlink frame of the reference cell:
	A.7.4	Timing
A.7.4.1	UE transmit timing
A.7.4.1.1	NR UE Transmit Timing Test for FR2
A.7.4.1.1.1	Test Purpose and environment
The purpose of this test is to verify that the UE can follow frame timing change of the connected gNodeb and that the UE initial transmit timing accuracy, maximum amount of timing change in one adjustment, minimum and maximum adjustment rate are within the specified limits. This test will verify the requirements in clause 7.1.2.

A.7.4.1.1.2	Test requirements
The test sequence shall be carried out in RRC_CONNECTED for every test case.
Following will be the test sequence for this test:
1)	Setup NR PCell according to parameters given in Table A.7.4.1.1.1-1.
2)	After connection set up with the cell, the test equipment will verify that the timing of the NR cell is within (NTA + NTA_offset) ×Tc ± Te of the first detected path of DL SSB.
a.	The NTA offset value (in Tc units) is 13792
b.	The Te values depend on the DL and UL SCS for which the test is being run and are given in Table 7.1.2-1
3)	The test system shall adjust the timing of the DL path by values given in Table A.7.4.1.1.2-1
Table A.7.4.1.1.2-1 Adjustment Value for DL Timing
	1 SCS of SSB signals (kHz)
	2 Adjustment Value

	3 
	4 Test1
	5 Test2

	240
	+8*64Tc
	+4*64Tc



[bookmark: _Hlk101454462]4)	The test system shall verify that the adjustment step size and the adjustment rate shall be according to requirements specified in clause 7.1.2 Table 7.1.2.1-1 until the UE transmit timing offset is within (NTA + NTA_offset) ×Tc ± Te respective to the first detected path (in time) of DL SSB.  Skip this step for test 2 with DRX confiured.
5)	The test system shall verify that the UE transmit timing offset stays within (NTA + NTA_offset) ×Tc ± Te of the first detected path of DL SSB. For Test 2 the UE transmit timing offset shall be verified for the first transmission in the DRX cycle immediately after DL timing adjustment.




All existing FR2 RRM UL timing requirements and test are define in the assumption that UL transmit timing error should stay within ± Te = 3.5*64*Tc = 115 ns ≈ CP/5 respective to the reference DL timing. If the error is considerably larger than Te (i.e. ±[9]*64*Tc = 293 ns ≈ CP/2) then the UL transmission will get out of expected gNB synchronization window, and degradation of the signal quality cannot be avoided.
RAN4 should keep UE UL transmit timing error requirement within ± Te ≈ CP/5 in order to avoid UL signal quality degradation.

Based on existing UL timing requirements and tests, UE shall be capable of changing the transmission timing according to the received downlink frame of the reference cell. After re-defined TCI state switching delay, the UE shall be accurately synchronized with the new target TCI state in DL. Thus, exiting gradual timing adjustment requirement (TS 38.133, 7.1.2.1) shall be followed again.
If ± Te UL transmit timing error cannot be followed immediately after the TCI state switch, then additional delay shall be defined after which the UE is able to follow again gradual timing adjustment requirement from TS 38.133, Clause 7.1.2.1.

2.5	Requirement when large one-shot UL timing adjustment is Off
Below, in Figure 5, a NW/RA-based UL timing adjustment mechanism at TCI sate switch in HST FR2 scenario is presented. The upper box includes the beam management related operations that are repeated periodically, such as transmission of reference signals in the UL, network-initiated and small-scale autonomous UL timing adjustments, beam/SSB measurements, detection, and reporting, etc. The core of the network-controlled UL timing adjustment mechanism is contained in the lower box that is executed when the NW triggers TCI state switch.



[bookmark: _Ref101455664]Figure 5: NW-based UL timing adjustment at TCI state switch.

In this mechanism, existing preamble transmission and timing advance assignment procedures are used.
The UL timing advance is initiated from gNB to UE with a Timing Advance Command MAC CE message. Therefore, timing advance requirements from TS 38.133, Clause 7.3 are applicable and there is no need to define any new timing advance adjustment accuracy requirements.
RA-based UL timing adjust mechanism is a straightforward approach that is based on existing procedures and requirements and can be used already in Rel-17. For example, timing advance requirements from TS 38.133, Clause 7.3 are applicable.
The only aspect that requires attention is a possibility for the UE to transmit in UL even without explicit NW scheduling (e.g., periodic SRS or buffered HARQs) after TCI state switch (step 12 in Figure 5) and before the appropriate UL timing is applied at the UE. UL transmission with considerably wrong timing can cause interference.
The UE might transmit in UL even without explicit NW scheduling (e.g., periodic SRS or buffered HARQs) after TCI state switch casing interference.

The UE shall not transmit in the new target TCI state after the TCI state switch before the new timing advance is acquired and applied in the target TCI state according to the requirements in clause 7.3 for TS 38.133.


3	Conclusion
In this contribution we focused on the most challenging aspect of UL timing adjustment at TCI state switch in HST FR2 scenarios that were left for the maintenance phase of the WI.
The following observations and proposal were made:
On package solution for UL timing adjustment:
1. Since it was agreed not to introduce explicit inter-RRH indication signaling for NR FR2 HST in Rel-17, the UE should be able to evaluate whether a large jump in propagation delay is expected at the TCI state switch or not. There is no need in RA preamble transmission after TCI state switch if DL propagation time difference is not significant and gradual timing adjustment can be used.
1. If RAN4 agrees to introduce DL propagation delay time difference threshold as a condition for UL timing adjustment at TCI state switch, it shall apply both to NW/RA-based and UE-based large one-step mechanisms.

On DL propagation delay time difference evaluation accuracy and threschold value:
The sources of error in the DL propagation delay time difference include inaccuracy in evaluation and obsoletion of DL timing, and inter-RRH synchronization errors. UE capable of tracking only one TCI state is subject to a higher error in DL timing difference evaluation.

When the TCI state switch is associated with a small non-zero jump in propagation delay it is possible that the actual DL propagation delay time difference between source and target TCI states is above the threshold but due to DL time tracking errors it is evaluated to be below it. In this case, an error in UL transmit timing can significantly exceed Te. For example, such a situation may happen in bi-directional deployments when the TCI state is switched around the middle in between the RRHs. Such an error will impact gNB performance, i.e., result in UL signal quality degradation.
The high error in UL transmit timing can be mitigated either by selecting the threshold considerably below 4.5*64*Tc = CP/4, or by using DL propagation delay time difference threshold as a condition for large timing adjustment only in uni-directional deployments.
The threshold on DL propagation delay time difference used as a condition for large UL timing adjustment (either NW- or UE-based) shall not exceed 2*64*Tc = CP/9 = 65 ns for 120kHz SCS.
If RAN4 cannot agree on the value of DL propagation delay timing difference threshold below CP/9 then the threshold shall be used only in uni-directional deployments, i.e., when the flag highSpeedDeploymentTypeFR2-r17 is unidirectional.

On large one-step UL timing adjustment and its accuracy:
The current UL timing adjustment requirement defined in TS 38.133 Clause 8.10.3A contain some inconsistencies, such as different formulations for TCI state switch and wrong reference to DL timing that shall be corrected.
All existing FR2 RRM UL timing requirements and test are define in the assumption that UL transmit timing error should stay within ± Te = 3.5*64*Tc = 115 ns ≈ CP/5 respective to the reference DL timing. If the error is considerably larger than Te (i.e. ±[9]*64*Tc = 293 ns ≈ CP/2) then the UL transmission will get out of expected gNB synchronization window, and degradation of the signal quality cannot be avoided.
RAN4 should keep UE UL transmit timing error requirement within ± Te ≈ CP/5 in order to avoid UL signal quality degradation.

Based on existing UL timing requirements and tests, UE shall be capable of changing the transmission timing according to the received downlink frame of the reference cell. After re-defined TCI state switching delay, the UE shall be accurately synchronized with the new target TCI state in DL. Thus, exiting gradual timing adjustment requirement (TS 38.133, 7.1.2.1) shall be followed again.
If ± Te UL transmit timing error cannot be followed immediately after the TCI state switch, then additional delay shall be defined after which the UE is able to follow again gradual timing adjustment requirement from TS 38.133, Clause 7.1.2.1.

On requirement when large one-shot UL timing adjustment is Off:
RA-based UL timing adjust mechanism is a straightforward approach that is based on existing procedures and requirements and can be used already in Rel-17. For example, timing advance requirements from TS 38.133, Clause 7.3 are applicable.
The UE might transmit in UL even without explicit NW scheduling (e.g., periodic SRS or buffered HARQs) after TCI state switch casing interference.
The UE shall not transmit in the new target TCI state after the TCI state switch before the new timing advance is acquired and applied in the target TCI state according to the requirements in clause 7.3 for TS 38.133.
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