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1	Introduction
In recent RAN4 meeting, the UE behavior of timing adjustment due to FR2 beam switching was discussed [1]. In RAN4#90Bis, draftCR to TS38.133 has been endorsed in R4-1904850 [2], with following additional UE behaviour requirement for timing adjustment due to beam switching: 
	When the transmission timing error between the UE and the reference timing exceeds Te but not larger than ±T, the UE is required to adjust its timing to within Te. The reference timing shall be [image: ] before the downlink timing of the reference cell. All adjustments made to the UE uplink timing shall follow these rules:
1)	The maximum amount of the magnitude of the timing change in one adjustment shall be Tq.
2)	The minimum aggregate adjustment rate shall be Tp  per second.
3)	The maximum aggregate adjustment rate shall be Tq per 200ms.
where the maximum autonomous time adjustment step Tq and the aggregate adjustment rate Tp are specified in Table 7.1.2-3.
Where T = TBD.
Table 7.1.2-3: Tq Maximum Autonomous Time Adjustment Step and Tp Minimum Aggregate Adjustment rate
	Frequency Range
	SCS of uplink signals (KHz)
	Tq
	Tp 

	1
	15
	5.5*64*Tc
	5.5*64*Tc

	
	30
	5.5*64*Tc
	5.5*64*Tc

	
	60
	5.5*64*Tc
	5.5*64*Tc

	2
	60
	2.5*64*Tc
	2.5*64*Tc

	
	120
	2.5*64*Tc
	2.5*64*Tc

	NOTE 1:	Tc is the basic timing unit defined in TS 38.211 [6]



When the transmission timing error between the UE and the reference timing exceeds ±T then the UE shall adjust its transmission timing in one adjustment to within Te1 provided the following conditions are met at the UE:
· SSB_RP and SSB Ês/Iot according to Annex B.2.6.1 for a corresponding operating Band,
· CSI-RS_RP and CSI-RS Ês/Iot according to Annex B.2.6.2 for a corresponding operating Band,
Editor’s note: The values of Te1 and T are FFS.



In this contribution, we would like to provide our views to complete this requirement by addressing the remaining issues. 
2 Discussion
With current analogy beamforming scheme adopted for FR2 UE implementation, UE may adjust its receive beam autonomously or in response to change of the active TCI state. Due to the timing difference introduced by changed RX beam, new UE behavior of autonomous timing adjustment is agreed to be introduced. Specifically, two types of UE autonomous timing adjustment are provided under the following schemes: 
- [Gradual timing adjustment] In FR2, when the timing error exceed Te but not larger than T, UE can do gradual autonomous timing change (with above three rules specified in current requirement);
- [Newly introduced one-shot adjustment due to beam change in FR2] In FR2, when the timing error exceeds T, UE shall adjust its transmission timing in one adjustment to within Te1.
It should be noted that the additional condition for original graduate timing adjustment is introduced just for FR2 case, so we believe the current revision should be changed to reflect this understanding: 
Observation 1: The condition to apply gradual timing adjustment should be specified in terms of frequency range, i.e, 
- In FR1, when the transmission timing error between the UE and the reference timing exceeds Te, the UE is required to adjust its timing to within Te with gradual timing adjustment (additional three rules still holds). 
- In FR2, when the transmission timing error between the UE and the reference timing exceeds Te but not larger than ±T, the UE is required to adjust its timing to within Te with gradual timing adjustment (additional three rules still holds).

To further specify the value of T, we would like to provide our analysis from two aspects, i.e., the applicable scenario which achieves the maximum value of T and UE’s feasibility to achieve one-shot timing adjustment due to RX beam switching. 
- [Applicable scenarios of one-shot adjustment] Gradual timing adjustment can be performed if the timing error exceed Te (where Te = 3.5*64*Tc = 0.11us and 3*64*Tc = 0.098us for 120kHz and 240kHz SSB SCS respectively) but not larger than T. For timing difference less than 0.3us in FR2, which is around half of CP for 120kHz SCS, even with original gradual timing scheme change, the data transmission will still be less impacted. Based on this, we propose to adopt T = 0.3us (or roughly equivalent to 9.0*64*Tc), and one shot adjustment is allowed if timing difference exceed T = 0.3us. However, it should be noted that with current mmWave deployment scenarios, 0.3us is already corresponding to 90 meters in distance, which we believe may exceed most of the transmission delay differences between the old and new RX beams observed in practical deployment. 
- [Feasibility of one-shot timing adjustment] Here we would like to discuss the upper bound of timing difference by which the one-shot timing adjustment can be performed: If timing difference exceeds 0.6us (around CP length of 120kHz SCS), it means the transmission paths of new and old beams are diverse enough, i.e., 180meters in distance, which we believe will not be encountered in nearly all mmWave deployment, and on the other hand, interruption shall be allowed during the beam sweeping occasions. Considering the above facts, we propose to limit the applicable scenario of one-shot timing adjustment only if the transmission timing error is no larger than 0.6us. If UE is required to perform beam sweeping with timing difference larger than 0.6us, interruption should be allowed, however considering it will be the corner case UE may face and requirement could be complex to considering different beam sweeping scenarios and different UE implementations, corresponding interruption requirement is not needed to be specified. 
Proposal 1: UE shall adjust its transmission timing in one adjustment if the transmission timing error exceed T (where T = 0.3us), but no larger than 0.6us (around CP length for 120kHz SCS).
Proposal 2: Interruption shall be allowed if the transmission timing error exceed T = 0.6us, and no new interruption requirement is introduced.
For the aspect of one-shot timing adjustment accuracy, since the target of one-shot adjustment is to pull the UE timing error back to the range where gradual timing adjustment is allowed to be conducted, we expect the one-shot adjustment accuracy is 0.3us, ie., 9.0*64*Tc. 
Proposal 3: Specify UE one-shot adjustment accuracy as Te1 = 9.0*64*Tc. 
2 Conclusion
In this paper, we provided our view on the timing requirement due to FR2 beam switching with following observation and proposals provided:  
Observation 1: The condition to apply gradual timing adjustment should be specified in terms of frequency range, i.e, 
- In FR1, when the transmission timing error between the UE and the reference timing exceeds Te, the UE is required to adjust its timing to within Te with gradual timing adjustment (additional three rules still holds). 
- In FR2, when the transmission timing error between the UE and the reference timing exceeds Te but not larger than ±T, the UE is required to adjust its timing to within Te with gradual timing adjustment (additional three rules still holds).
Proposal 1: UE shall adjust its transmission timing in one adjustment if the transmission timing error exceed T (where T = 0.3us), but no larger than 0.6us (around CP length for 120kHz SCS).
Proposal 2: Interruption shall be allowed if the transmission timing error exceed T = 0.6us, and no new interruption requirement is introduced.
Proposal 3: Specify UE one-shot adjustment accuracy as Te1 = 9.0*64*Tc. 
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