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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 last RAN4 meeting (RAN4#98-e) discussion, agreements are achieved in the approved WF [5, R4-2108342] on RRM timing related requirement: 
	<From approved WF R4-2108342>
· WF10: Timing requirements
· Autonomous timing adjust step Tq for FR2 in high-speed scenario is [4.5]Ts
· 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)


We would like to further provide our viewpoints on RRM timing related requirements for FR2 HST in this contribution. 
2 Discussion on Timing Requirements
The large propagation delay difference is identified in previous meeting: i.e., 
(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. 
Next, we would like to have the analysis on the impacts of the large propagation delay difference. 
2.1 Impact on UE Timing Adjustment
Based on the RAN4 agreement from last meeting [5], autonomous timing adjust step Tq for FR2 in high-speed scenario is [4.5] Ts = 146 ns per 200ms, which is already increased for FR2 HST UE compared with normal Rel-15 UE. However, the autonomous timing adjustment is still too slow to cover the sudden timing change due to RRH switching mentioned above. In other words, to accommodate the sudden timing change, only relying on UE autonomous timing adjustment is not quick enough. 
Observation 1: To accommodate the sudden timing change due to RRH switching, only relying on UE autonomous timing adjustment is not quick enough. 
To accommodate this sudden timing change, there is no choice but to rely on the obtained timing information before UE switching to. For the inter-cell handover, the timing information of the target cell should be obtained by L3-cell detection, and for intra-cell RRH switching, the timing information of the target beam/RRH should be obtained by L1-measurement. Based on the timing information, UE should be applied with new timing during L1-beam switching (TCI switching) or L3-handover. 
Observation 2: For FR2 HST beam switching with large propagation delay difference between neighboring RRHs, the timing information of the target RRH should be obtained before L1-beam switching and be applied during L1-beam switching. 
Observation 3: For FR2 HST handover with large propagation delay difference between neighboring cells, the timing information of the target cell should be obtained before handover and be applied during handover. 
Based on the above observations, we can confirm the feasibility for FR2 HST UE timing adjustment to accommodate the large propagation delay difference between RRHs. 
Proposal 1: RAN4 confirm the feasibility for FR2 HST UE timing adjustment to accommodate the large propagation delay difference between RRHs. 
2.2 Impact on TA Adjustment
Due to the same propagation delay sudden change, TA mechanism needs more consideration. For TA mechanism enhancement, it is proposed that “one-time large TA adjustment can be enabled when switching between RRH for uni-directional deployment”, because the large difference between propagation delays from two neighboring RRHs. Here we would like to further analysis the feasibility of one-time large TA adjustment. 
· 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.
Based on the above analysis, we have the following observation: 
Observation 4: Based on existing TA adjustment mechanism, it is required to have multiple TA adjustment commands to accommodate the large propagation delay difference between RRHs. 
Obviously, with multiple TA adjustment commands to accommodate the large propagation delay difference between RRHs, the TA adjustment procedure will take longer. Then the next question will be is that needed to introduce a TA adjustment command for a larger TA value. In the RAN1 Rel-17 discussion on multi-TRP in FeMIMO, RAN1 would discuss the case of unsynchronized RRHs, which also includes the case of having a differential propagation delay larger than the CP, however even it is introduced, it will be a Rel-17 FeMIMO feature. Based on the current RAN4 WI’s scope, it is preferred to use the existing Rel-15/16 RAN1 mechanism to support this FR2 HST scenario, therefore we don’t prefer to introduce a larger TA command, if the feasibility of using multiple TA adjustment commands is confirmed for the large propagation delay difference between RRHs.
Proposal 2: RAN4 confirm the feasibility using multiple TA adjustment commands to accommodate the large propagation delay difference between RRHs. 
2.3 Other Methods to Avoid Large Propagation Delay Difference
In last RAN4 meeting, we listed the possible solutions which can solve the large propagation delay difference issue as mentioned above: 
Table 1. Possible solutions to the problem of large propagation delay difference from two neighboring RRHs
	Solution Description
	Pros
	Cons

	Solution-1: One-time large TA adjustment
	(1) Still follow existing framework of TA adjustment
(2) Partially solve propagation delay difference problem. 
	(1) RAN1 impact to define one-time large TA; 
(2) Time difference between different beams from RRHs still exist, and problem exists for Intra-cell measurement on non-serving beam 

	Solution-2: NW-based pre-compensation of different propagation delays
	(1) NW implementation scheme totally transparent to UE. 
	(1) It is hard to support multiple UEs because different compensation may be needed for different UEs at varied locations. 
(2) New TA adjustment mechanism for NW implementation. 

	Solution-3(a): Avoid deployment scenarios with large propagation delay difference: 
- Only use bi-directional with Scheme-1 
(i.e., Don’t use uni-directional; and don’t use bi-directional with Scheme-2/3)
	(1) Bi-directional scheme-1 can avoid propagation delay problem. 

	(1) Link performance may not be optimized because the 2nd nearest RRH (rather the nearest RRH) used; 
(2) For cell boundary, additional one handover is needed due to the interleaved cell indexes. 

	Solution-3(b): Avoid deployment scenarios with large propagation delay difference:
- Bi-directional deployment with interruption allowed by following Scheme-2 but no dedicated beam for coverage hole from neighboring RRH
	(1) No propagation delay difference problem
(2) Cell coverage hole can be alleviated by adding one more RRH panel. 
	(1) Cell coverage hole for the region around RRH site, and service interruption may be experienced. 

	Solution-4: Uni-directional deployment with interruption allowed
	(1) UE autonomous timing adjustment to the target RRH
	(1) No L1-RSRP measurement performance on the target RRH’s beam, so TCI switching to unknown TCI state.
(2) RAN4 needs to allow interruption to accommodate UE autonomous timing adjustment and TCI state switching.



Based on the analysis by Section 2.2, we can conclude that Solution-1 (one-time large TA adjustment) is not favored compared if the feasibility of “using multiple TA adjustment commands” is confirmed. For Solution-2 and 3(a), they can be viewed as implementation-based or deployment-based solution, which is also possible and feasible for NW vendors to adopt, but these two solutions will not introduce RAN4 requirement impact. 
Proposal-3: The feasibility of the following implementation-based and deployment-based solutions can be confirmed, but without any RAN4 requirement impact expected: 
· Solution-2: NW-based pre-compensation of different propagation delays
· Solution-3: Avoid deployment scenarios with large propagation delay difference: 
· 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. 

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: 
<Impact on UE timing adjustment>
Observation 1: To accommodate the sudden timing change due to RRH switching, only relying on UE autonomous timing adjustment is not quick enough. 
Observation 2: For FR2 HST beam switching with large propagation delay difference between neighboring RRHs, the timing information of the target RRH should be obtained before L1-beam switching and be applied during L1-beam switching. 
Observation 3: For FR2 HST handover with large propagation delay difference between neighboring cells, the timing information of the target cell should be obtained before handover and be applied during handover. 
Proposal 1: RAN4 confirm the feasibility for FR2 HST UE timing adjustment to accommodate the large propagation delay difference between RRHs. 
<Impact on TA adjustment>
Observation 4: Based on existing TA adjustment mechanism, it is required to have multiple TA adjustment commands to accommodate the large propagation delay difference between RRHs. 
Proposal 2: RAN4 confirm the feasibility using multiple TA adjustment commands to accommodate the large propagation delay difference between RRHs. 
<Other Methods to Avoid Large Propagation Delay Difference>
Proposal-3: The feasibility of the following implementation-based and deployment-based solutions can be confirmed, but without any RAN4 requirement impact expected: 
· Solution-2: NW-based pre-compensation of different propagation delays
· Solution-3: Avoid deployment scenarios with large propagation delay difference: 
· 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. 
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