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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 [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 


We would like to further provide our viewpoints on RRM timing related requirements for FR2 HST in this contribution. 
2 Discussion 
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. 
Accordingly, based on existing TA adjustment mechanism, one single TA adjustment command can’t accomondate 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.
2.1 Analysis on One shot UE autonomous large uplink timing adjustment
As proposed and mentioned in previous RAN4 discussion, one shot UE autonomous large uplink timing adjustment is regarded as a candidate solution for this FR2 HST large propagation delay issue. The proposed solution generally followed the discussion in Rel-15, in which the one shot timing adjustment is discussed but not adopted in the TS38.133 finally. 
During Rel-15, the intention of introducing the one shot timing adjustment is to tackle the following cases in which the propagation delay of the new signal propagation path is much different from the previous one experienced by UE: 
· Case-1: For FR2 UE, after UE rotation or other mobility causes, different UE RX beam is switched-to for signal reception. With the new RX beam to be used, the corresponding propagation delay of the new signal propagation path is much different from the one related to the previous RX beam.  
· Case-2: Due to adding or removal of blockage on the line-of-sight signal propagation path, the propagation delay of the signal propagation path is changed significantly. 

[image: ]
Accordingly, RAN4 has drafted the specification structure for this one-time timing adjustment mechanism, which has been updated In 3GPP TS 38.133 version 15.8.0, but finally removed from the spec.:
	
1 
2 
3 
4 
5 
5.1 
5.1.1 
5.1.2 
5.1.2.1 
5.1.2.2 One shot timing adjustment
When the magnitude of the T exceeds H then 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 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 timing adjustment,
-	T2 is the reception time to be used at the UE just after the one shot timing adjustment,
-	H is defined in table 7.1.2.2-1.
Table 7.1.2.2-1: The value of H
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals s(kHz)
	H [Tc]

	1
	15
	15
	TBD

	
	
	30
	TBD

	
	
	60
	TBD

	
	30
	15
	TBD

	
	
	30
	TBD

	
	
	60
	TBD

	2
	120
	60
	TBD

	
	
	120
	TBD

	
	240
	60
	TBD

	
	
	120
	TBD






Although the one shot timing adjustment is introduced for both FR1 and FR2, it is the common understanding that the mechanism is of significance to FR2 mm-wave operation. 
After long discussion, the mechanism which is finally not introduced in Rel-15 requirement because: 
· The applicable Case-1 and Case-2 are encountered with very low possibility in the practical mm-wave deployment: By assuming the threshold H = 0.3 us (which is three times of Te for 120kHz SCS), i.e., one shot timing adjustment is only allowed if  is larger than H = 0.3 us, the experience propagation length difference should be around 90 meters, which exceed most of the transmission delay differences between the old and new RX beams observed in practical deployment.
· If lower value of H is defined, one shot timing adjustment can be triggered frequently, but the necessity of this new mechanism will be questionable: With gradual timing adjustment and the length of CP for OFDM symbol, the data transmission can be less impacted if the timing difference is around half of CP length or smaller. 
As mentioned early, Rel-17 FR2 HST deployment scenario is different from Rel-15 discussion, because the big propagation delay difference comes from gNB TCI switching, which can be viewed as a solid scenario for this one shot timing adjustment mechanism. In other words, the concerns raised in Rel-15 discussion no longer exist. 
Observation-1: The following concerns on introducing one shot timing adjustment during Rel-15 discussion no longer exists in FR2 HST scenario.  
 
Therefore, we suggest to use the drafted specification structure for one shot timing adjustment in TS38.133 v15.8.0 as the starting point to introduce this mechanism for FR2 HST UE. If consensus can be reached, “Option 2: Other implementation/deployment based solution” shall be followed which will not introduce RAN4 requirement impact. 
Proposal-1: RAN4 use the drafted specification structure in TS38.133 v15.8.0 as the starting point to introduce the one shot uplink timing adjustment mechanism for FR2 HST UE. 
Proposal-2: If consensus can be made to introduce the one shot uplink timing adjustment mechanism for FR2 HST UE in RAN4#101-e, the implementation/deployment based solution shall be followed which will not introduce RAN4 requirement impact. 
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: 
Observation-1: The following concerns on introducing one shot timing adjustment during Rel-15 discussion no longer exists in FR2 HST scenario.  
Proposal-1: RAN4 use the drafted specification structure in TS38.133 v15.8.0 as the starting point to introduce the one shot uplink timing adjustment mechanism for FR2 HST UE. 
Proposal-2: If consensus can be made to introduce the one shot uplink timing adjustment mechanism for FR2 HST UE in RAN4#101-e, the implementation/deployment based solution shall be followed which will not introduce RAN4 requirement impact. 
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