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Introduction
In several previous RAN4 meetings on HST FR2 scenarios it was discussed that the large difference in propagation delays from a CPE to neighbour RRHs of the same cell might cause some issues with synchronization.
In the WF on FR2 HST Deployment Scenario Analysis [1], the large difference in propagation delays from different RRHs in a cell was emphasized:
	· Large difference in propagation delays
· FFS the impact of the large difference in propagation delays from different RRHs in a cell when DPS scheme is used:  
· Large difference in propagation delays exist in 
· Uni-directional RRH deployment
· Some schemes for bi-directional RRH deployment
· Whether or not one deployment scenario should be precluded in Rel-17 needs to consider the decision from RRM session.
· RRM session will investigate and decide on potential methods to mitigate the propagation delay issue



In DL direction, UE can be assumed time-aligned with the serving and detected and reported neighbor cells because it is typically configured to periodically perform and report RRM measurements from the neighbour RRHs (e.g., SSB-based RSRP).
Therefore, in this contribution, our primary focus is on possible enhancements needed in timing alignment (TA) adjustment mechanism for HST FR2 scenarios in the UL direction. We propose a possible solution of large propagation delay difference between RRHs of the same cell. Additionally, we describe another potential issue in TA due to the large scale of difference in propagation delays in comparison to maximum TA adjustment.


Discussion
General
Background on Timing Advance Command
Timing Advance (TA) is the advance in time a UE applies to its UL transmission compared to the time at which the DL frame (from the serving cell/RRH) is received, as shown in Figure 1. This way, the signal arrives at gNB receiver aligned with the start of the UL frame from gNB perspective. TA is essential for network operation and performance since it allows the gNB to synchronize the reception of multiple UEs to arrive at the gNB at the same time.

[image: ]
[bookmark: _Ref77148173][bookmark: _Ref77770592]Figure 1. Pictorial representation of timing advance at UE

To control the UL signal transmission timing at the UE, Timing Advance adjustment Command (TAC) is used. The TAC is MAC-CE based command used by the network to update the used TA in the UEs when this is needed. gNB constantly measures, tracks and indicates to the UE when to compensate for its time-varying propagation delay due to movement by sending TA updates to the UE. To estimate the amount of TAC a UE needs, the gNB constantly measures the time of arrival of the received UL channels (e.g., PUSCH/PUCCH/SRS) compared to the actual start of the UL frame/slot.
The TAC can be indicated in two ways (3GPP TS 38.213):
1. Through MAC-CE command in case UE is in RRC connected mode (associated to residual timing offset)
2. Through RAR (Random Access Response) as a part of the random access procedure (associated to initial timing offset).

In case the UE is in RRC connected, the timing advance in seconds is defined as:
,
where ;  is the TA the UE is currently applying to its UL transmissions,  is the numerology of the UL transmission and . In this case, since TAC value can be as large as 63, 6 bits are needed to convey the TAC through MAC-CE. Thus, the TA adjustments that can be carried by TAC at 120kHz SCS () are in the range from  to  with  steps.

In the case, the UE is performing the random access (RA) procedure,  does not apply and the equation simplifies as:

where .

UL timing advance is applied by UE to all UL transmissions (i.e., PUSCH, PUCCH, SRS) based on TAC from gNB.

UL TA in HST FR2 scenario
In HST scenario, change of DL beam from different RRHs of same cell does not occur using HO since they are part of the same cell (same PCI). Instead UE changes serving RRHs within the same cell by beam/TCI switching. However, the beam/TCI switching procedure is based on the assumption that same TA is applicable in source and target beam and does not currently include RACH procedure.


[bookmark: _Ref77699321]Figure 2: Negative (left) and positive (right) change in propagation delay depending on the train movement direction.

[bookmark: _Hlk78878320]When the serving beam is switched from one RRH to another in an HST FR2 scenario (e.g. as illustrated in Figure 2), the DL propagation delay difference between the signals coming from the two RRHs can be significant. For example, for 700m inter-RRH distance (Ds), the propagation delay difference is around , which is much longer than the CP length at 120kHz SCS of . This means that if the change in propagation delay of UL transmission towards the target RRH is not properly adjusted, the signal will be received at the target RRH with a time offset considerably larger than the CP, which could result in the complete loss of the transmitted data.
If the change in propagation delay of UL transmission towards the target RRH is not properly adjusted, in some cases, the signal will be received at the target RRH with a time offset considerably larger than the CP.

TA adjustment at beam change between RRHs
Beam/TCI switching does not allow for TA update. However, when considering the RRH scenario where the RRHs are no longer collocated but belong to the same cell, re-use of the UL synchronization/time alignment after a beam change (TCI switch) is not always possible.
[bookmark: _Hlk78880241]At the same time, network cannot measure CPE/UE UL signals using the target beam before TCI state is switched. Hence, propagation delays to other RRHs are not known to the NW, and the adjustment cannot be signalled to the UE beforehand with TAC.
The maximum aggregate autonomous timing adjustment step Tq [TS 38.133] that a UE per 200ms can do (~20m at 350 kmph) in HST FR2 was agreed to be 4.5*64*Tc = 146.6ns ≪ 2.3μs [R4-2108342]. It is not sufficient to compensate for the timing difference of several μs.
The TA adjustment cannot be signalled to the CPE before the beam switch with TAC because network cannot measure CPE/UE UL signals using the target beam before that, i.e. network does not possess information on the required TA adjustment.
Autonomous TA adjustment at the CPE is not sufficient to compensate for the timing difference of several μs.

In the WF on FR2 HST RRM requirements [2], several possible ways to address the RRM impact of larger propagation delay difference were introduced:
	· FFS possible solutions and RRM impacts of large propagation delay difference:
· Solution 1: One-time large TA adjustment
· Solution 2: NW-based pre-compensation of different propagation delays
· Solution 3(a): Only use bi-directional with Scheme-1, i.e., don’t use uni-directional; and don’t use bi-directional with Scheme-2/3.
· Solution 3(b): Bi-directional deployment with interruption allowed by following Scheme-2 but no dedicated beam for coverage hole from neighboring RRH.  
· Solution 4: Uni-directional deployment with interruption allowed.
· Other solutions are not precluded
· FFS: Impact on SSB-based measurement accuracy (e.g., SS-RSRP)



Regarding the Solution 1, RAN4 has earlier discussed the aspect of a larger step change in the UE UL TA due to UE autonomous change of DL Rx beam. Problem discussed in Rel-15 was related to a potentially larger UE autonomous one-step TA adjustment due to UE change of Rx beam. The intention was to allow UE to adjust TA autonomously. Although the discussion was long, no agreement was finally reached and nothing is captured in the TS 38.133.
Solution 2 looks to be focusing only on DL direction.
Solution 3 limits possible deployment options what is not desirable unless no other RRM solution is identified.
Finally, Solution 4, is not acceptable either because it may result in the significant degradation of connection quality after the beam switch (UL mistime may be over several CPs) or a connection break.
None of the solutions proposed at RAN4#99-e [2] may not be appropriate for the potential problem with UL TA in HST FR2 scenario.

In our view, the resolution should be based on the existing network-based TA adjustment mechanism. Therefore, the main issue to be resolved is how to provide network necessary timing information for the issue of TAC at beam change. One possible solution could be to give the target RRH a possibility to measure propagation delay to the CPE before data transmission. For that purpose, an UL signal (e.g. a RACH preamble) can be transmitted to the target RRH at beam/TCI state switching. This will allow the network to adjust UL TA of the CPE before transmitting data.

RAN4 to consider transmission of PRACH preamble at beam/TCI state switch between RRH of the same cell as a solution of large propagation delay difference.

Larger values of time difference
The TA command is currently limited to 6 bits, which results in a maximum single-shot TA timing change of 2.1 μs, which would not be enough to compensate completely for the difference in propagation delay between two RRHs in some deployment scenarios. Indeed, for an inter-RRH distance of 700 meters, a difference in propagation delays of 2.3 μs can be expected, giving a minimum error in timing advance of (2.3 μs – 2.1 μs) = 0.2 μs that affects UL receiver performance.
UL gNB receivers are typically designed to track a time offset between [-CP/2:CP/2] μs and, even assuming UE autonomous UL transmit timing tracking, an error beyond this range would create problems in estimation and compensation of such time offset. 
In the example above, the expected time offset is ideally 0.2 μs, which is less than CP/2 = 0.29 μs and theoretically possible to compensate. However, a UE is allowed a timing error of 0.11 μs (in FR2 at 120kHz SCS from TS 38.133) resulting in a possible time offset at gNB receiver of 0.31 μs, which would become larger than CP/2 and would fall beyond the range supported by the time offset estimator block. In such a case, the target RRH would have problems in demodulating and decoding the UL channels affected by such time error, leading to beam failure or radio link failure.
In some deployment scenarios, maximum single-shot TA timing change of 2.1 μs at 120kHz SCS would not be enough to compensate completely for the difference in propagation delay between two RRHs. Thus, a possible time offset at gNB receiver would become larger than CP/2.

One possible way to overcome this limitation is to pass from a symmetrical TA adjustment range, i.e., from  to , to a shifted range, e.g., from -0.7 to 3.4. In such a way the maximum TA adjustment range is effectively extended, however, the accuracy of the TAC stays the same. Such approach can be especially useful in uni-directional deployments, e.g., shown in Figure 2(right), where the large positive change in propagation delay at RRH switch are combined with much smaller negative TA adjustments while moving CPE is connected to the same RRH. 
RAN4 to discuss shifting of the TA adjustment range as a possible solution in HST FR2 scenarios when the difference in propagation delays is over .


Conclusion
In this contribution, we provide the analysis of several problematic aspects of HST FR2 deployments related to TA adjustment in UL direction.
The following observations and proposal were made:
If the change in propagation delay of UL transmission towards the target RRH is not properly adjusted, in some cases, the signal will be received at the target RRH with a time offset considerably larger than the CP.
The TA adjustment cannot be signalled to the CPE before the beam switch with TAC because network cannot measure CPE/UE UL signals using the target beam before that, i.e. network does not possess information on the required TA adjustment.
Autonomous TA adjustment at the CPE is not sufficient to compensate for the timing difference of several μs.
None of the solutions proposed at RAN4#99-e [R4-2108342] may not be appropriate for the potential problem with UL TA in HST FR2 scenario.
1. RAN4 to consider transmission of PRACH preamble at beam/TCI state switch between RRH of the same cell as a solution of large propagation delay difference.
In some deployment scenarios, maximum single-shot TA timing change of 2.1 μs at 120kHz SCS would not be enough to compensate completely for the difference in propagation delay between two RRHs. Thus, a possible time offset at gNB receiver would become larger than CP/2.
RAN4 to discuss shifting of the TA adjustment range as a possible solution in HST FR2 scenarios when the difference in propagation delays is over .
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