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Introduction
At the previous #102-e and #103-e RAN4 meetings a considerable progress was achieved in the definition of the UE RRM requirements on UL timing adjustment in HST FR2 deployments. The agreements are reflected in TS 38.133, Clause 7.1.2.3. In particular, at RAN4#103-e, following the WF [1], it was agreed to
· apply one shot large timing adjustment on TCI switching occasion if UE measurement on DL timing difference is larger than a timing difference threshold
· The value of DL timing difference threshold equals 4.5*64*Tc = Tq= CP/4
· If new TCI state within active TCI state list: Adopt ±Te immediately after TCI state switch as the accuracy otherwise ±[7Ts] adopted.
However, the value of the UL Tx timing accuracy is still left in the square brackets.
Additionally, the way how to formulate the requirements for the case when new large one-step uplink timing adjust is not used, i.e., RACH-based mechanism is used, still left open [1]:
1) Further discussion is needed whether and how to define transmit or scheduling restriction for UL after the TCI state switch when highSpeedLargeOneStepUL-TimingFR2-r17 is disabled.

Therefore, in this contribution, we further discuss the following two aspects of UL timing adjustment in HST FR2 deployments:
1. What shall be the UL transmit timing accuracy after the TCI state switch when the target TCI state is not in the active TCI state list.
2. What should be UL transmit timing requirements after the TCI state in HST FR2 scenario, regardless of used UL timing adjustment mechanism enabled, including PRACH-based procedure.
The proposals of this paper are also reflected in our accompanying CRs for TS 38.133 [2].


Discussion
UL Tx accuracy after large one-step UL timing adjustment
At RAN4#102-e it was agreed to introduce additional TCI state switching delay in HST FR2 deployments [3]:
	GtW agreement:
Introduce additional TCI switching delay for UE to perform fine downlink timing tracking



Additionally, in order to avoid inter-symbol interference during TCI state switch a one-symbol scheduling restriction was defined [3]:
	Agreement:
Define an additional symbol of delay during TCI switching when TOk=0 for PC6 UEs.



Hence, the final form of requirements for MAC-CE based TCI state switch delay in HST FR2 scenarios in TS 38.133 is defined as follows:
	8.10.3A	MAC-CE based TCI state switch delay in HST FR2 scenarios
For FR2 power class 6 UE, 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 symbol m of the first slot that is after slot n+ THARQ +  + TOk*(Tfirst-SSB + TSSB-proc + Trs + Trs-proc) / NR slot length. 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;
-	TSSB-proc = 2 ms;
-	Trs is time to the first TRS or SSB transmission after the SSB transmission in the definition of Tfirst-SSB is processed by the UE;
-	Trs-proc = 2 ms;
-	TOk = 1, m = 0 if target TCI state is not in the active TCI state list for PDSCH; otherwise TOk = 0, m = 1.
For FR2 power class 6 UE, if the target TCI state is unknown, the same requirement for unknown target TCI state case specified in clause 8.10.3 applies.




If UE is not able to track fine timing of the target TCI state before the switch, i.e., the target TCI state is in the active TCI state silt, an additional delay was introduced. This delay allows UE to receive and process an SSB and one additional RS (SSB or TRS) in order to acquire fine time synch with the new TCI state.
The UE is able to track fine DL timing after the TCI state switch in HST FR2 scenarios even after the large jump in propagation delay and when target TCI state was not in the active TCI state list.

The latest agreed form of the UL transmit timing requirements in HST FR2 scenario after RAN4#103-e is presented below from TS 38.133:
	7.1.2.3	One shot large UL timing adjustment for FR2 Power Class 6 UE
When highSpeedMeasFlagFR2-r17 is configured and highSpeedLargeOneStepUL-TimingFR2-r17 is enabled for UE supporting FR2 power class 6 and [largeOneStepUL-timingFR2-r17] capability, the following requirements apply to the UE:
-	If the absolute value , the requirement in clause 7.1.2.1 apply to the first UL transmission after a TCI state switch.
-	Otherwise, the UE transmit timing immediately after TCI state switch shall be  and clause 7.1.2.1 requirements don’t apply.
[bookmark: _Hlk110246992]-	The UE UL transmission timing error after the TCI state switching procedure shall be less than or equal to ±Te as specified in clause 7.1.2 if the new target TCI state is within active TCI state list, otherwise ±[7Ts], and the reference point is .
Above,
-	 (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.



Even though fine DL timing is acquired after the TCI state switch by the UE, it was argued by some of the companies that it is not always possible to keep accurate UL Tx timing after the TCI state switch. For some UE categories, if a large jump in propagation delay in between source and target beams is experienced and the target TCI state (beam) is not in the active TCI list (i.e., was not time and frequency tracked before the TCI state switch), then UL TX timing accuracy is not with ±Te=3.5Ts for 120 kHz SCS but within ±[7Ts].
We see at least the following problems with such a requirement:
1. In the longer term, there is a contradiction with the Gradual timing adjustment in TS 38.133, Clause 7.1.21 that requires timing to say within Te.
2. Reduced accuracy in UL transmit timing is unlimited in time , whereases HO-based mobility does not allow for such errors.

Firstly, we can read that requirement 7.1.2.3 only apply “immediately after TCI state switch”, whereases, in all other conditions, requirements from clause 7.1.2.1 (Gradual timing adjustment) shall apply:
	7.1.2.1	Gradual timing adjustment
…
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.
…



Thus, even if higher error in UL transmit timing is allowed immediately after the TCI state switch, “the UE is required to adjust its timing to within Te”. Currently, it is unclear how and when the UE shall start following the requirements from 7.1.2.1 again, after the TCI state switch. Therefore, the UE can transmit with higher timing error, i.e., with reduced UL performance, for a continuous, undefined period of time. If this period is not limited and/or well defined, we can expect a negative network impact because 7Ts value is still considerably above 2 TAC steps range (≈4 Ts) where there is no performance.
Currently, for some UE categories in HST FR2 deployments, it is allowed to transmit in UL with a larger timing error after the TCI state switch (±7Ts instead of ±3.5Ts= Te). It is defined and unclear on the network side when and how the UE shall adjust its timing back within ±Te.

Secondly, after the HO, that also can involve large jumps in propagation delay, the UE still shall follow the requirements in Clause 7.1.2:
	7.1.2	Requirements
[bookmark: _Hlk110256362]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, or it is the first transmission sent on the PSCell for activating the deactivated SCG without RACH.
-	when it is the transmission for PUSCH on CG resources for SDT in RRC_Inactive.



Following TS 38.133, Clause 6.1.1.4.2, HO interruption covers the time needed for acquiring full timing information of the target cell and to transmit PRACH with timing error within Te. However, in the case of TCI state switch, a higher error is allowed after the switch even though the UE is provided additional time for DL synchronization (Observation 1).
In general, HO interruption time shall be less than than Tinterrupt
	Tinterrupt = Tsearch + TIU + Tprocessing + T∆ + Tmargin ms
In the case of TCI state switch, Tsearch and Tprocessing are not relevant because they are needed for cell search (known in the case of TCI state switch) and processing.
Then, TIU is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell. Since with a large one-step timing adjustment enabled no RACH is needed, we do not consider this time as well.
Therefore, T∆ + Tmargin ms can be used as a reference for the time needed to the UE to acquire accurate DL timing, where:
	Tmargin is time for SSB post-processing. Tmargin can be up to 2ms.
	T∆ is time for fine time tracking and acquiring full timing information of the target cell. T∆ = Trs for both known and unknown target cell.
Trs is the SMTC periodicity of the target NR cell if the UE has been provided with an SMTC configuration for the target cell in the handover command, otherwise Trs is the SMTC configured in the measObjectNR having the same SSB frequency and subcarrier spacing.
In the case of HO, after the HO interruption time (TS 38.133, Clause 6.1.1.4.2), the UE can transmit in UL with the timing error limit within Te.

Thus, we can conclude, that if the UE is given sufficient time to synchronize to the target beam or cell, it shall be able to transmit in UL with timing error within Te even when a large jump in propagation delay is experienced.
In the case of TCI state switch, it is necessary to specify explicitly when the UE UL transmit timing accuracy returns back within Te.
RAN4 to specify explicitly when the UE shall adjust its UL timing to within Te after the TCI state switch, i.e., when it can follow again the reequipments from 7.1.2.1.
If target TCI state is not in the active TCI state list, limit the time needed for the UE to follow again clause 7.1.2.1 requirements and to adjust its UL timing within Te. It should happen not later than Trs + 2ms after the TCI state switch.

We are proposing to clarify the text of the requirement in Clause 7.1.2.3 in the following way:

	7.1.2.3	One shot large UL timing adjustment for FR2 Power Class 6 UE
When highSpeedMeasFlagFR2-r17 is configured and highSpeedLargeOneStepUL-TimingFR2-r17 is enabled for UE supporting FR2 power class 6 and [largeOneStepUL-timingFR2-r17] capability, the following requirements apply to the UE:
-	If the absolute value , the requirement in clause 7.1.2.1 apply to the first UL transmission after a TCI state switch.
-	Otherwise, the UE transmit timing immediately after TCI state switch shall be  and clause 7.1.2.1 requirements don’t apply.
-	The UE UL transmission timing error after the TCI state switching procedure shall be less than or equal to ±Te as specified in clause 7.1.2 if the new target TCI state is within active TCI state list, otherwise ±[7Ts], and the reference point is .
-	If the new target TCI state is not in active TCI state list upon receiving the TCI state switch command, then the UE UL transmission timing error shall be less than or equal to ±Te and can be able to follow the requirement in clause 7.1.2.1 again no later than Trs + 2ms after the TCI state switch.

Above,
-	 (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.
-	Trs is time to the first TRS or SSB transmission after the TCI state switch.



The proposed change is reflected in our accompanying CR [2].


UL transmit timing error after the TCI state switch
Our main intent when introducing the UL transmit timing requirement is to ensure that transmission error after the TCI states switch (either inter-RRH or intra-RRH, based on large one-step timing adjustment or on PRACH procedure) stays within ±Te relative to the DL timing. This accuracy is traditionally assumed as a reference in the network equipment design. Additionally, it is important that there is a clear understanding at the network side when such an accuracy can be achieved by the UE, e.g., to schedule new UL transmissions after the TCI state switch.
As we discussed in the previous section, the requirements on UL transmit timing after the TCI state switch were introduced only in the case when large one-step timing adjustment mechanism is enabled or supported by the UE.
The requirements when large one-shot timing adjustment mechanism is not enabled or not supported were discussed for several meetings already. It was agreed to define these requirements following the Chairman notes from RAN4#102-e [4]:
	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.



At RAN4#103-e, the discussion continued, and the following agreement and WF were achieved [1]:
	Issue 1-3-1: Requirements for the case when highSpeedLargeOneStepUL-TimingFR2-r17 is disabled
Agreement:
No need to introduce new UL timing requirements for the case when highSpeedLargeOneStepUL-TimingFR2-r17 is disabled.

Issue 1-3-2: Scheduling/Transmit restriction after TCI state switch
Way Forward:
Further discussion is needed whether and how to define transmit or scheduling restriction for UL after the TCI state switch when highSpeedLargeOneStepUL-TimingFR2-r17 is disabled.
· Option 2: No impact on UE behavior
· Option 3: Define scheduling restriction on DL and UL after inter-RRH TCI state switch and before PRACH transmission when highSpeedLargeOneStepUL-TimingFR2-r17 is disabled
· Option 4: after the TCI state switch, the UE shall not transmit except for RACH preamble in the new target TCI before one of the following conditions is fulfilled:
-	the new timing advance is acquired and applied in the target TCI state according to the requirements in clause 7.3;
-	the UL transmission is scheduled by the gNB.
    In this case, the requirements in clause 7.1.2.1 apply.
· Other options are not precluded



In the diagram Figure 1, we show our understanding of the range of all possible options how the UE can accurate UL transmit timing after the TCI state switch.


[bookmark: _Ref111026241]Figure 1: Acquisition of UL transmit timing after the TCI state switch in HST FR2 scenario.

It can be noticed that for most cases, the transmission timing error after the TCI state switch can be within ±Te. Only for the case 6-9-12 the error can be larger ([±7Ts]). As we discuss in the previous section, the period when the error can be higher than Te shall be limited. Therefore, after certain additional delay, the UE shall be able to transmit again with default UL transmitting timing error within ±Te.
One can also notice that UL transmit timing requirements defined in Clause 7.1 of TS 38.133 do not consider timing after TCI state switch (except for the newly introduced Clause 7.1.2.3). This is due to the fact that beam management procedures, originally introduced in Rel-15 do not account for the possibility of inter-RRH TCI state switch with a considerable propagation delay difference in between the source and the target beams. Since we now have discussed mechanisms that how accurate UL transmit timing can be achieved even after inter-RRH TCI state switch, the requirements in 7.1.2 can be clarified.
Using either network-based (e.g., RACH-based) or large one-shot UL timing adjustment mechanisms, the UE should be able to achieve transmit timing error within ±Te after the TCI state switch. However, no UL timing error requirements are defined explicitly for TCI state switch in TS 38.133.
RAN4 to introduce UE initial transmission timing error requirement after the TCI state switch.
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 after the TCI state switch.

Consequently, we propose to add the following change in Clause 7.1.2 that is also reflected in our accompanying CR [2]
	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, or it is the first transmission sent on the PSCell for activating the deactivated SCG without RACH, or it is the first transmission sent after a TCI state switch.
-	when it is the transmission for PUSCH on CG resources for SDT in RRC_Inactive.




Conclusion
In this discussion paper we analyzed the completeness of UL transmit timing requirements in HST FR2 scenario.
The following proposals and observations are made:
1. The UE is able to track fine DL timing after the TCI state switch in HST FR2 scenarios even after the large jump in propagation delay and when target TCI state was not in the active TCI state list.
1. Currently, for some UE categories in HST FR2 deployments, it is allowed to transmit in UL with a larger timing error after the TCI state switch (±7Ts instead of ±3.5Ts= Te). It is defined and unclear on the network side when and how the UE shall adjust its timing back within ±Te.
1. In the case of HO, after the HO interruption time (TS 38.133, Clause 6.1.1.4.2), the UE can transmit in UL with the timing error limit within Te.
RAN4 to specify explicitly when the UE shall adjust its UL timing to within Te after the TCI state switch, i.e., when it can follow again the reequipments from 7.1.2.1.
If target TCI state is not in the active TCI state list, limit the time needed for the UE to follow again clause 7.1.2.1 requirements and to adjust its UL timing within Te. It should happen not later than Trs + 2ms after the TCI state switch.

Using either network-based (e.g., RACH-based) or large one-shot UL timing adjustment mechanisms, the UE should be able to achieve transmit timing error within ±Te after the TCI state switch. However, no UL timing error requirements are defined explicitly for TCI state switch in TS 38.133.
RAN4 to introduce UE initial transmission timing error requirement after the TCI state switch.
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 after the TCI state switch.
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