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1. Introduction
In the last meeting, a way forward on RRM core maintenance for NR FR2 HST was approved in [1]. The following agreements were approved around UL timing.
	Sub-topic 1-1: Conditions when one-shot large UL timing adjustment apply
Issue 1-1-1: A need for DL timing difference threshold
GtW Agreement:
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
Issue 1-1-2: The value of DL timing difference threshold
Agreement:
The value of DL timing difference threshold equals 4.5*64*Tc = Tq= CP/4
NOTE: the value of the threshold in bi-directional deployment shall be evaluated further in Rel-18.
Sub-topic 1-2: UL transmit timing accuracy
GtW Agreement:
If new TCI state within active TCI state list: Adopt ±Te immediately after TCI state switch as the accuracy otherwise ±[7Ts] adopted.
Sub-topic 1-3: highSpeedLargeOneStepUL-TimingFR2-r17 is not enabled
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
Sub-topic 1-4: UL capabilities
Issue 1-4-1: Support of one shot large UL timing adjustment feature group
GtW Agreement:
Define feature as optional with capability signaling


About the UL timing procedure, two parallel procedures, i.e. one-shot TA adjustment solution and RACH solution are supported. Until the end of 103 e-meeting, the details about one-shot TA adjustment solution has been identified. However the details about RACH solution are still open since the scheduling/transmit restriction during RACH procedure needs further discussion. The following issues are still pending:
· One-shot TA adjustment based solution
· UL transmit timing accuracy
· RACH based solution
· Scheduling/transmit restriction for UL after the TCI state switching
· Whether and how to identify the DL propagation delay difference threshold
In this document, we provide our analysis focus on the above remaining issue. 
2. Discussion
2.1 One-shot TA adjustment based solution
UL transmit timing accuracy
[bookmark: OLE_LINK1]During 103 meeting, whether need the DL timing difference threshold and the detailed value of such threshold have been identified. So the whole procedures and details have almost been confirmed so as to resolve the UL timing issue based on the one-shot TA adjustment solution. Companies had heated debate focused on whether and how to relax UL transmit timing accuracy when one-shot TA adjustment is applied. Finally the following agreement approved during GTW:
	GtW Agreement:
If new TCI state within active TCI state list: Adopt ±Te immediately after TCI state switch as the accuracy otherwise ±[7Ts] adopted.


Based on such brief agreement, the motivation is to restrict that only for the weak capability UE, when one-shot TA adjustment is applied, the accuracy of UL transmit timing can be relaxed. In order to align the understanding from different companies, we want to further clarify about it through two factors including UE capability and whether inter-RRH switching happens. In our opinion, the following details were reflected by this agreements:
· If largeOneStepUL-timingFR2-r17 is disabled, accuracy relaxation is not allowed. Otherwise, accuracy relaxation is allowed possibly and needs further decision by the UE.
· If largeOneStepUL-timingFR2-r17 is enabled, since the one-shot TA adjustment is triggered by TCI state switching plus the contrast between DL timing difference and the threshold, so immediately after each TCI state switching, UE needs to check whether accuracy relaxation is allowed. The following cases are possible:
· Case 1: If UE can only track one TCI state
· If the DL timing difference is above the threshold, the accuracy relaxation is allowed. 
· Otherwise, the accuracy relaxation is not allowed.
· Case 2: If UE can track multiple TCI states and the target TCI state is not in the list 
· If the DL timing difference is above the threshold, the accuracy relaxation is allowed.
· Otherwise, the accuracy relaxation is not allowed.
· Case 3: If UE can track multiple TCI states and the target TCI state is in the list
· The accuracy relaxation is not allowed no matter whether the DL timing difference is above the threshold or not.
Proposal 1: In order to align the understanding from different companies, further clarification on the agreement bout the accuracy of UL transmit timing is necessary. Our understanding is as below:
· If largeOneStepUL-timingFR2-r17 is disabled, accuracy relaxation is not allowed. Otherwise, accuracy relaxation is allowed possibly and needs further decision by the UE.
· If largeOneStepUL-timingFR2-r17 is enabled, since the one-shot TA adjustment is triggered by TCI state switching plus the contrast between DL timing difference and the threshold, so immediately after each TCI state switching, UE needs to check whether accuracy relaxation is allowed. The following cases are possible:
· Case 1: If UE can only track one TCI state
· If the DL timing difference is above the threshold, the accuracy relaxation is allowed. 
· Otherwise, the accuracy relaxation is not allowed.
· Case 2: If UE can track multiple TCI states and the target TCI state is not in the list 
· If the DL timing difference is above the threshold, the accuracy relaxation is allowed.
· Otherwise, the accuracy relaxation is not allowed.
· Case 3: If UE can track multiple TCI states and the target TCI state is in the list
· The accuracy relaxation is not allowed no matter whether the DL timing difference is above the threshold or not.
Another issue is whether the brackets can be removed. After further consideration on the component of UL timing error, we agree with the relaxation of UL transmit timing accuracy from legacy ±Te to ±7Ts in FR2. So the brackets can be removed.
Proposal 2: We agree with the relaxation of UL transmit timing accuracy from legacy ±Te to ±7Ts in FR2. So the brackets can be removed.
2.2 RACH based solution
[bookmark: OLE_LINK5]Under RACH based solution, the following two issue are still remaining. We provide our analysis.
2.2.1 Scheduling/transmit restriction for UL after the TCI state switching
About this issue, the following options were proposed and discussed during 103 meeting:
	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


To address the ISI issue caused by the inaccurate UL transmit timing after inter-RRH TCI state switch and before the end of RACH procedure which is oriented to obtain update TA, scheduling /transmit restriction was proposed for RACH based procedure. From our perspective, the scheduling/transmit restriction should be discussed for UL CG and UL DG respectively.
For UL DG, not any impact on UE side since NW can control whether to schedule UL DG transmission or not. So NW can predict the inter-RRH TCI state switch happening and perform scheduling restriction.  
For UL CG, the key point is whether and how to identify inter-RRH switch occurrence by UE. After a TCI state switching command received by UE, then the UE is uncertain whether intra-RRH or inter-RRH switch happens, until the UE receives a DCI order triggering RACH procedure, then the UE can confirm inter-RRH switch was triggered by the TCI state switching command. So before acquiring the DCI order, UE can not affirm whether transmit restriction is necessary for UL DG.
So based on the above analysis, in fact Option 3 still leads to ISI for the case that the DCI order is received later than TCI state switching command. Option 1 is only suitable for UL DG. It seems that Option 4 is more feasible. But Option 4 is somehow radical since no matter inter-RRH TCI state or intra-RRH TCI state switch occurs, the transmit restriction is always applied.
Proposal 3: Compared with Option 2 and Option 3, Option 4 is more feasible. However Option 4 is somehow radical since no matter inter-RRH TCI state or intra-RRH TCI state switch occurs, the transmit restriction is always applied.
2.2.2 Whether and how to identify the DL propagation delay difference threshold
This issue is related with the scheduling/transmit restriction issue under RACH based solution. 
During 103 meeting, the one-shot TA solution was agreed as an optional UE capability, so RACH based solution in fact is the baseline mechanism is the UE is not capable of one-shot TA solution. For the detailed RACH based solution, if without any threshold, it is really hard for UE to detect whether intra-RRH or inter-RRH switch happening. When NW will send PDCCH order to trigger RACH, it is fully up to NW, so the DCI order may before or later than TCI state switching. If without this detection, before receiving DCI order, UE does not know whether to perform scheduling/transmit restriction since in order to avoid the performance degradation caused by ISI, UE can only apply the radical option such as the Option 4 discussed in scheduling/transmit restriction issue, i.e. not transmit UL until UE has acquire the new UL timing based on RACH procedure. 
Therefore, aim to optimize the scheduling/transmit restriction, the threshold of DL timing difference is useful. For the exact value of threshold, re-use the value determined for one-shot TA adjustment is fine.
Proposal 4: Aim to optimize the scheduling/transmit restriction, the threshold of DL timing difference is useful. For the exact value of threshold, re-use the value determined for one-shot TA adjustment is fine.
3. Conclusion
In this contribution, we have the following proposal for timing issue of FR2 HST:
For one-shot TA adjustment solution,
Proposal 1: In order to align the understanding from different companies, further clarification on the agreement bout the accuracy of UL transmit timing is necessary. Our understanding is as below:
· If largeOneStepUL-timingFR2-r17 is disabled, accuracy relaxation is not allowed. Otherwise, accuracy relaxation is allowed possibly and needs further decision by the UE.
· If largeOneStepUL-timingFR2-r17 is enabled, since the one-shot TA adjustment is triggered by TCI state switching plus the contrast between DL timing difference and the threshold, so immediately after each TCI state switching, UE needs to check whether accuracy relaxation is allowed. The following cases are possible:
· Case 1: If UE can only track one TCI state
· If the DL timing difference is above the threshold, the accuracy relaxation is allowed. 
· Otherwise, the accuracy relaxation is not allowed.
· Case 2: If UE can track multiple TCI states and the target TCI state is not in the list 
· If the DL timing difference is above the threshold, the accuracy relaxation is allowed.
· Otherwise, the accuracy relaxation is not allowed.
· Case 3: If UE can track multiple TCI states and the target TCI state is in the list
· The accuracy relaxation is not allowed no matter whether the DL timing difference is above the threshold or not.
Proposal 2: We agree with the relaxation of UL transmit timing accuracy from legacy ±Te to ±7Ts in FR2. So the brackets can be removed.

For RACH based solution,
Proposal 3: Compared with Option 1 and Option 3, Option 4 is more feasible. However Option 4 is somehow radical since no matter inter-RRH TCI state or intra-RRH TCI state switch occurs, the transmit restriction is always applied.
Proposal 4: Aim to optimize the scheduling/transmit restriction, the threshold of DL timing difference is useful. For the exact value of threshold, re-use the value determined for one-shot TA adjustment is fine.
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