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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 last RAN4 meeting (RAN4#101-e), the following agreement is achieved in WF [7, R4-2120416], particularly for one shot large uplink timing adjustment mechanism for the UL timing adjustment. 
	<From approved WF R4-2120416>
For one shot large uplink timing adjustment 
Moderator note: Highlight part is agreed during RAN4 GTW session 
· It is up to network configuration to enable one shot large uplink timing adjustment mechanism
· 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 
· RAN4 will further study the network configuration means to disable one shot large uplink timing adjustment. 
· 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 
· Introduce a mechanism for one shot large uplink timing adjustment for FR2 HST scenarios with UE allowed to adjust uplink timing beyond Tq
· FFS for conditions and additional network assistance for UE to apply one shot large uplink timing adjustment. 
· The following options can be considered for triggering condition and network assistance 
· Option 1: No condition except DL timing difference: 
· UE will apply one shot large timing adjustment if UE measurement on DL timing difference is larger than certain threshold. 
· FFS for how to define the threshold 
· Option 2: TCI switching without network assistance: 
· UE will apply one shot large timing adjustment on TCI switching occasion if UE measurement on DL timing difference is larger than certain threshold. 
· FFS for how to define the threshold 
· Option 3: TCI switching with network assistance of indication of inter-RRH and UE large DL timing change detection
· UE will apply one shot large timing adjustment on TCI switching between RRH occasion if UE measurement on DL timing difference is larger than certain threshold. 
· FFS for how to define the threshold 
· FFS for detailed network indication of inter-RRH. One example could be a flag in MAC-CE command came with TCI state switch command, or could be SSB index and order per RRH.
· Option 4: TCI switching with network assistance of indication of inter-RRH but without UE large DL timing change detection
· UE will apply one shot large timing adjustment on TCI switching between RRH occasions 
· FFS for detailed network indication of inter-RRH. One example could be a flag in MAC-CE command came with TCI state switch command, or could be SSB index and order per RRH.
· Performance degradation and impact to signalling design shall be discussed for above procedures
· RAN4 will further discuss the accuracy performance and testing issues based on conclusion of above procedures   


We would like to further provide our viewpoints on timing related requirements for FR2 HST in this contribution. 
2 One Shot Large UL Timing Adjustment
As agreed in previous RAN4 meeting, one shot large uplink timing adjustment mechanism is agreed to be introduced, whereas we will further discuss the remaining issues in this contribution. 
2.1 Triggerring Contidition: ”Autonomous” or ”NW-controled”? 
It is noted that various proposals are given for the condition to tirgger one shot large UL timing adjustment, as mentioned in WF, there are option 1 to 4 listed. The first question needs to be answered is: 
· Q1: Whether or not one shot large UL timing adjustment is needed for occasion other than TCI switching?
It should be noted that it is RAN4 group’s intention to introduce this mechanism to handle the large propagation delay difference experienced in FR2 HST, which is much different from the intention of introducing similar mechanism in Rel-15: at that time, RAN4 discussion the necessity of one shot timing adjustment for UE experience the propagation delay different from previous one due to UE rotation, adding/removal of blockage on LoS, and other non-NW-controllable scenarios. However, for Rel-17 FR2 HST deployment scenario the big propagation delay difference comes from gNB triggered TCI switching, which means the mechanism should not be UE autonomous, and should only be applied when TCI state switching is performed.
Observation-1: One shot large UL timing adjustment is only needed when TCI state switching is performed. 

Next, given some companies proposed that network assistance of indication of inter-RRH (e.g., a flag in MAC-CE command came with TCI state switch command, or RRC signaling for SSB index and order per RRH), the next question should be answered is:
· Q2: Whether or not the network assistance of indication of inter-RRH is needed?
The question mostly comes from the fact that the one shot large UL timing adjustment is only of necessity for inter-RRH deployment rather than intra-RRH deployment. However, the complexity of introducing the network assistance of indication of inter-RRH should be noted: 
(1) For bi-directional RRH deployment, even inter-RRH beam switching does not necessarily mean the large propagation delay difference. In other words, even RAN4 introduce the network assistance of indication of inter-RRH, a complicated applicability rule (involving uni-/bi-directional deployment, etc.) is still required. The relevant work for that is not trivial. 
(2) Introducing the flag in MAC-CE command came with TCI state switch command also involves extensive RAN2 works, and we expect the discussion on when and whether the flag is applicable is needed, which is even not possible considering there is only one quarter left to complete this Rel-17 work item. 
(3) For the RRC signaling for SSB index and order per RRH, obviously it is needed to be broadcast which will incur additional overhead, and more seriously we have not yet seen a solid proposal which can be delivered to RAN2 for implementation directly. 
Observation-2: Even with the network assistance of indication of inter-RRH, a complicated applicability rule on allowing the one shot large UL timing adjustment for bi-directional RRH deployment is still needed. 
Observation-3: The network assistance of indication of inter-RRH (e.g., a flag in MAC-CE command came with TCI state switch command, or RRC signaling for SSB index and order per RRH) involves non-trivial works to be completed in Rel-17. 
Based on the above analysis, for the triggering condition, we have the following proposal: 
Proposal 1: RAN4 adopt the following option-2, which allows one shot large UL timing adjustment on TCI switching occasion, and also avoids the complexity of introducing the network assistance of indication of inter-RRH: 
	· Option 2: TCI switching without network assistance: 
· UE will apply one shot large timing adjustment on TCI switching occasion if UE measurement on DL timing difference is larger than certain threshold. 
· FFS for how to define the threshold 



· Q3: How to define network configuration to enable one shot large uplink timing adjustment mechanism?
As agreed in last RAN4 meeting, it is agreed that “It is up to network configuration to enable one shot large uplink timing adjustment mechanism”. Accordingly, we need to define a network signaling to enable one shot large uplink adjustment mechanism. 
Proposal 2: A new NW signaling is introduced for NW to enable the one shot large UL timing adjustment. 
In our accompanying paper on NW signaling and UE capability, the detailed proposal and according LS to RAN2 are provided. 
2.2 Threshold for Applying One Shot Large UL Timing Adjustment
As analyzed in previous discussion, the one shot large timing adjustment is only needed for TCI switching occasion where UE has identified that DL timing difference is larger than certain threshold. Take the below scenario as example,  


After switching from RRH1 to RRH2, the one-trip propagation delay is increased from Tp1 to Tp2, and the round-trip propagation delay is increased by 2*(Tp2 -Tp1). So, if UE does not perform one shot timing adjustment, the received signals at gNB RRH2 will be delayed by 2*(Tp2 -Tp1) from the expected UL timing by gNB. Therefore, the one shot large UL timing adjustment should be performed by advance the UE TX by 2*(Tp2 -Tp1). 

Based on the above procedue, obviously, if the DL timing difference is not large enough, it can be handled by the graduate timing adjustment. Specifically, if the round-trip delay difference 2*(Tp2 -Tp1) is smaller than half of CP length, even with the gradual timing adjustment (in which one adjust step size shall be smaller than Tq), the system performance will still be considerablly impacted. By considering the CP length of normal CP for the symbol (l≠0 or l≠7*2^(u)), the CP length is 144*=1152 Tc = 0.59 us. So if the absolute DL timing difference |Tp2 -Tp1| is identified to be larger than one fourth of OFDM symbol CP length, i.e., ¼*1152*Tc, the one shot large UL timing adjustment is allowed to be performed. 
Proposal 3: 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. 

2.3 Accuracy Requirement for One Shot Large UL Timing Adjustment
As discussed in previous RAN4 discussion, it was proposed that the one short 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 involves 2 times of DL estiamtion error. In general, we agree with the proposal of adopting 4 times of DL estimation error as the accuracy requirement for one shot large UL timing adjustment. 
Proposal 4: Support the proposal that the accuracy of one-shot timing adjustment is 4 times of DL timing estimation error. 

2.4 Text Proposal to TS38.133 for One Shot Large UL Timing Adjustment
It should be noted that during Rel-15 discussion, a similar one shot timing adjustment (which is a totally UE autonomous solution) is introduced in TS38.133 v15.8.0, but finally removed without reaching the consensus on the necessity of that solution. In the following we provide the text proposal. 
Proposal 5: The text proposal is provided to introduce the requirement for 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
For FR2 power class 6 UE configured with IE [highSpeedOneShotLargeULTimingAdjustmentFR2Flag], when UE is required to perform TCI state switching and the magnitude of the DL timing difference T exceeds H, the UE shall adjust its transmission timing in one adjustment only once provided that the following conditions are met at the UE. Otherwise when the magnitude of the T ≤ H then the UE shall adjust its transmission timing according to the rules defined in clause 7.1.2.1.
-	SSB_RP and SSB Ês/Iot according to Annex B.2.6.1 for a corresponding operating Band,
The UE transmit timing immediately after applying the one shot timing adjustment shall be: . After applying the one shot timing adjustment the UE shall adjust its transmission timing according to the rules defined in clause 7.1.2.1.
Where: 
-	T1 is the reception time at the UE just before the one shot large UL timing adjustment,
-	T2 is the reception time to be used at the UE just after the one shot large UL timing adjustment,
-	H is the threshold with the value of [4.5*64*Tc].
---------------------------- End of Text Proposal ---------------------------

3 Random Access (RA)-based UL Timing Adjustment
In previous meeting discussion, some company proposed that RA-based mechanism to adjust UL timing should be considered as a “fallback” solution, then the following WF is agreed: 
	<From approved WF R4-2120416>
· 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  


Here we would like to provide our viewpoints on RA-based mechanism for UL timing adjustment. 

3.1 Procedure of RA-based UL Timing Adjustment
As demonstrated in the following figure, the high speed train is traveled though the concerned region from RRH0 to RRH1, where both of RRHs are connnected into the same BBU. By simplying assuming SSB-0 transmitted from RRH0 and SSB-1 from RRH1, we would like to elaborate the detailed procedures over Uu air interface, as follows:
(1) L1-RSRP measurement and report are configured for SSB-0 (from RRH0) and SSB-1 (from RRH1)
(2) Based on L1-RSRP measurement reports, gNB send PDCCH order (still through RRH0, since beam switching is not done yet), which is used to trigger random access (RA) and contains RA Preamble assignment and other configuration information.
(3) UE transmit RA preamble, which are expected to be received at both RRH0 and RRH1
(4) gNB use the received RA preamble to estimate UL TA adjustment value at RRH0 and RRH1
(5) gNB transmit RA repsone (still via RRH0, since beam swtiching is not done yet)
(6) gNB transmit two MAC CEs: Detailed sequential order of two MAC CEs will be analyzed in subsection 3.4 
a. TA command MAC-CE (by employing Rel-16 absolute TA command if possible and needed, to be explained further in sub-sections 3.2 and 3.3)
b. TCI switching MAC-CE (e.g., TCI State Indication for UE-specific PDCCH MAC CE)
(7) After the delay of applying TCI switching and new TA command, PDCCH/PDSCH transmitted from RRH1 instead.



Figure 3.1-1. Illustration of Procedure of RA-based UL Timing Adjustment
The above-mentioned procedure is our understanding on ”RA-based mechanism” to obtain TA estimation before beam swtiching. 
Observation-4: The detailed procedure of the existing uplink timing adjustment, i.e., RA-based mechanism, can be broken down into the sequential steps as above. 

3.2 Rel-15 ”Relative” TA Command MAC CE
Accordingly, based on existing Rel-15 NR TA adjustment mechanism, one single TA adjustment command can’t accommodate the large propagation delay between neighboring RRHs: 
· If we assume UE apply the correct timing for the upcoming RRH, after switching to next RRH, gNB will found the UL timing needs to be updated. 
· To accommodate the large propagation delay (~2.5us), considering the TA command step for 120kHz is a multiple of 16*64*Tc/(2^3) = 2*64*Tc = 2*Ts
· As defined in TS 38.213, for cases other than RA, “a timing advance command [11, TS 38.321],  [image: ], for a TAG indicates adjustment of a current  [image: ] value, [image: ] , to the new [image: ] value, [image: ] , by index values of   = 0, 1, 2,..., 63, where for a SCS of [image: ] kHz,  [image: ].” Based on this, the maximum adjustment can be (+32*2*Ts) to (-31*2*Ts), which is ~2us, which is still smaller than maximum sudden change 2.5us.
Observation-5: Rel-15 TA command MAC CE’s adjustment step size is not big enough for an instant UL TA adjustment required for FR2 HST scenarios. 

3.3 Rel-16 Absolute TA Command MAC CE
In Rel-16, the new absolute TA command MAC CE is introduced, by increasing the bit length of TA command from Rel-15’s 6-bits into 12-bits, as follows:
	[bookmark: _Toc37296281][bookmark: _Toc46490412][bookmark: _Toc52752107][bookmark: _Toc52796569][bookmark: _Toc83661135][bookmark: _Hlk20927412]6.1.3.4a	Absolute Timing Advance Command MAC CE
The Absolute Timing Advance Command MAC CE is identified by MAC subheader with eLCID as specified in Table 6.2.1-1b.
It has a fixed size and consists of two octets defined as follows (Figure 6.1.3.4a-1):
-	Timing Advance Command: This field indicates the index value TA used to control the amount of timing adjustment that the MAC entity has to apply in TS 38.213 [6]. The size of the field is 12 bits;
-	R: Reserved bit, set to "0".


Figure 6.1.3.4a-1: Absolute Timing Advance Command MAC CE



By following the procedure described in TS38.213 for absolute timing advance command MAC CE, ”[image: ], for a TAG indicates  [image: ] values by index values of  [image: ] = 0, 1, 2, ..., 3846, where an amount of the time alignment for the TAG with SCS of  120 kHz is  [image: ], which makes the absolute range of TA from 0 to 3846*2*Ts = 0.25ms which is much larger to accommodate the large propagation delay (~2.5us) in FR2 HST scenario. 
Observation-6: Rel-16 absolute TA command MAC CE’s adjustment step size is big enough for an instant UL TA adjustment required for FR2 HST scenarios. 

3.4 Time Sequency of TA Command and TCI Switching MAC CEs
Another issue is the time sequency of TA command MAC CE and TCI switching MAC CE, as elaborated in the detaied procedure given in section 3.1: 
	(6) gNB transmit two MAC CEs: Detailed sequential order of two MAC CEs will be analyzed in subsection 3.4 
a. TA command MAC-CE (by employing Rel-16 absolute TA command if possible and needed, to be explained further in sub-sections 3.2 and 3.3)
b. TCI switching MAC-CE (e.g., TCI State Indication for UE-specific PDCCH MAC CE)



As illustrated in above Figure 3.1-1, a good network behavior should be: 
· Before applying MAC CE for TA command and TCI switching, NW estimate two MAC CE’s application delay values: 
· Delay of applying TA command
· Delay of applying TCI switching
· To minimize the interruption, NW should trigger two MAC CE in the time sequence to make sure: 
· The time point of the completion of applying TCI swithcing is prior to applying TA command, as illustrated in Figure 3.1-1.
· The time difference of the completion time points of applying two MAC CEs should be minimized. 
Observation-7: For the existing uplink timing adjustment, i.e., RA-based mechanism, to minimize interruption, NW should trigger two MAC CE in the time sequence as below: 
· The time point of the completion of applying TCI swithcing is prior to applying TA command, as illustrated in Figure 3.1-1.
· The time difference of the completion time points of applying two MAC CEs should be minimized.
Based on the above analysis, we found the existing RA-based mechanism for UL timing adjustment involve extensive NW configuration, which proposed challenges to leverage existing mmWave gNB product line for FR2 HST scenarios
Proposal-6: The existing RA-based mechanism for UL timing adjustment involve extensive NW configuration, which proposed challenges to leverage existing mmWave gNB product line for FR2 HST scenarios. 

Another aspect should be highlighted: It is not precluded for NW to utilize RA-based mechanism in practical deployment, and interested NW vendor can always trigger RA in the appropriate location to obtain the TA information before beam switching to the new RRH. In other words, even without 3GPP standardization impact, the fallback mechanism is always allowed. 
Observation-8: NW vendor is allowed to use RA-based mechanism for UL timing adjustment, and no standard impact required in Rel-17 to enable RA-based mechanism. 
Therefore the following proposal can be reached naturally:
Proposal-7: In Rel-17 FR2 HST work item, no more discussion needed on RA-based mechanism for UL timing adjustment. 

4. Conclusion
In this contribution, we further provided our discussion and viewpoint on RRM timing requirement for FR2 HST. The following observations are provided accordingly: 
<One Shot Large UL Timing Adjustment>
Observation-1: One shot large UL timing adjustment is only needed when TCI state switching is performed. 
Observation-2: Even with the network assistance of indication of inter-RRH, a complicated applicability rule on allowing the one shot large UL timing adjustment for bi-directional RRH deployment is still needed. 
Observation-3: The network assistance of indication of inter-RRH (e.g., a flag in MAC-CE command came with TCI state switch command, or RRC signaling for SSB index and order per RRH) involves non-trivial works to be completed in Rel-17. 
Proposal 1: RAN4 adopt the following option-2, which allows one shot large UL timing adjustment on TCI switching occasion, and also avoids the complexity of introducing the network assistance of indication of inter-RRH: 
	· Option 2: TCI switching without network assistance: 
· UE will apply one shot large timing adjustment on TCI switching occasion if UE measurement on DL timing difference is larger than certain threshold. 
· FFS for how to define the threshold 



Proposal 2: A new NW signaling is introduced for NW to enable the one shot large UL timing adjustment. 

Proposal 3: 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. 
Proposal 4: Support the proposal that the accuracy of one-shot timing adjustment is 4 times of DL timing estimation error. 
Proposal 5: The text proposal is provided to introduce the requirement for one shot large UL timing adjustment. 
-------------------------- Start of Text Proposal ---------------------------
7.1.2.4 One shot large UL timing adjustment for FR2 Power Class 6 UE
For FR2 power class 6 UE, when UE is required to perform TCI state switching and the magnitude of the DL timing difference T exceeds H, the UE shall adjust its transmission timing in one adjustment only once provided that the following conditions are met at the UE. Otherwise when the magnitude of the T ≤ H then the UE shall adjust its transmission timing according to the rules defined in clause 7.1.2.1.
-	SSB_RP and SSB Ês/Iot according to Annex B.2.6.1 for a corresponding operating Band,
The UE transmit timing immediately after applying the one shot timing adjustment shall be: . After applying the one shot timing adjustment the UE shall adjust its transmission timing according to the rules defined in clause 7.1.2.1.
Where: 
-	T1 is the reception time at the UE just before the one shot large UL timing adjustment,
-	T2 is the reception time to be used at the UE just after the one shot large UL timing adjustment,
-	H is the threshold with the value of [4.5*64*Tc].
---------------------------- End of Text Proposal ---------------------------

< RA-based UL Timing Adjustment >
Observation-4: The detailed procedure of the existing uplink timing adjustment, i.e., RA-based mechanism, can be broken down into the sequential steps as above. 
Observation-5: Rel-15 TA command MAC CE’s adjustment step size is not big enough for an instant UL TA adjustment required for FR2 HST scenarios. 
Observation-6: Rel-16 absolute TA command MAC CE’s adjustment step size is big enough for an instant UL TA adjustment required for FR2 HST scenarios. 
Observation-7: For the existing uplink timing adjustment, i.e., RA-based mechanism, to minimize interruption, NW should trigger two MAC CE in the time sequence as below: 
· The time point of the completion of applying TCI swithcing is prior to applying TA command, as illustrated in Figure 3.1-1.
· The time difference of the completion time points of applying two MAC CEs should be minimized.
Proposal-6: The existing RA-based mechanism for UL timing adjustment involve extensive NW configuration, which proposed challenges to leverage existing mmWave gNB product line for FR2 HST scenarios. 
Observation-8: NW vendor is allowed to use RA-based mechanism for UL timing adjustment, and no standard impact required in Rel-17 to enable RA-based mechanism. 
Proposal-7: In Rel-17 FR2 HST work item, no more discussion needed on RA-based mechanism for UL timing adjustment. 
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