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1 	Introduction
In last RAN4 meeting, a WF [1] was agreed to further study the issue of UE UL timing change due to Rx beam change.
	· Specify rules for UE transmit timing adjustment when UE switches its RX beam autonomously or in response to the active TCI state change in gNodeB.
· Discussion:
· Upon RX beam switch or active TCI state change the UE shall adjust its transmit timing as follows:
· Option 1: timing adjustment in one shot if the magnitude of the change in the downlink timing (T) at the UE between the old and new beam is greater than Te i.e. gradual timing adjustment shall NOT be applied.
· Option 2: gradual timing adjustment if T is less than or equal to threshold (H) but greater than Te; otherwise one shot timing adjustment (i.e. if  T> H).
· Requirement will be based on one of the above two options:
· RAN4 decision will be based on BS and UE impact, complexity and implementation.  
· Other solutions are not precluded.
· It is FFS whether the beam switch will cause any interruption. 
· FFS whether one shot timing adjustment is in the same or opposite direction of DL timing change.
· Conditions/scenarios:
· The above requirements are specified under the following assumptions:
· The UL channel on which transmit timing is being adjusted is QCL’d to the same RS on which the DL channel timing is being tracked and
· The old and target beam’s SSB Es/Iot is FFS.



In this paper, we provide our view on the remaining issues:
· Comparison between Option 1 and 2
· Direction and magnitude to apply one shot timing adjustment
· Whether to allow interruption
· Es/Iot of old and target beams.
2 Discussion
In FR2, UE always receives signals via Rx beamforming. If the Rx beam is changed, the propagation paths could be different, leading to changes in DL timing in reception. Since DL timing is the reference of UL Tx timing, the UL Tx timing should be changed correspondingly. We found that there could be 3 different UE behaviors to deal with this DL timing change . 
1. In current requirement of Section 7.1.2 of TS38.133, UE has to gradually adjust its UL timing with small step size if . The adjustment is in the same direction as the DL timing change. UE shall not adopt a one shot timing adjustment.
2. According to Option 1 of [1], UE takes a one shot adjustment when . FFS the direction and magnitude of this one shot adjustment.
3. According to Option 2 of [1], UE gradually adjusts its UL timing with small step size if , and take one shot adjustment when . FFS the direction and magnitude of this one shot adjustment.
Figure 1 provides an illustration of these 3 different UE behaviors.
[image: ]
[bookmark: _Ref4792286]Figure 1. Illustration of 3 different UE behavior on UL timing adjustment to deal with DL timing change.

The DL timing is delayed by , because the DL propagation delay gets  longer. Since the UL signal will likely propagate through the same path as DL, the UL propagation delay gets  longer, too. Note that the existing requirement in Section 7.1.2 of TS38.133 does not require UE to take a one shot adjustment. Therefore, the received UL signal at BS will be delayed by  before any UL timing adjustment is taken. In our opinion, this shows that the current network already has the capability to tolerance UL timing error to some extent. Then why not to leverage this existing network capability as much as possible?
[bookmark: _Ref4272569][bookmark: _Ref4277552]Observation 1: Current UE UL timing requirements in Section 7.1.2 implies that network has the capability to tolerance UL timing error to some extent. This capability can also be used to handle UL timing change due to UE Rx beam switch.

The existing requirement in Section 7.1.2 of TS38.133 was introduced to handle the DL timing change due to UE’s mobility. And now, RAN4 is discussing whether to introduce a new requirement to handle the DL timing change due to Rx beam switching. However, from UE’s perspective, UE could be moving and changing its Rx beam at the same time. If RAN4 is going to introduce 2 completely different UE behaviors (in adjustment step size, direction and magnitude) to accommodate these 2 different root causes of DL timing change, UE is forced add a new algorithm to determine the root cause and adopts the correct UE behavior correspondingly. In our opinion, it may not be always possible to identify a single root cause, especially when  is small. Therefore, we suggest that RAN4 should keep a single UE behavior to handle DL timing change due to either both UE’s mobility or Rx beam change, when  is small.
[bookmark: _Ref4277511][bookmark: _Ref4277582]Observation 2: It is not feasible to introduce 2 completely different UE behaviors to handle DL timing change due to mobility or Rx beam change, because UE may not be able to identify the single root cause, especially when  is small.
[bookmark: _Ref4277516]Proposal 1: When  is small, RAN4 should keep one single UE behavior to handle the DL timing change, no matter it is due to UE’s mobility or Rx beam change.

When  is large, then it becomes very unlikely that this DL timing change is resulted from UE’s mobility. For an example, UE observes  between 2 consecutive SSB bursts (20ms), and this  equals half CP length of SCS 120KHz. It is very obvious that this timing change could only from Rx beam switch, because it is impossible for a UE to move 90 meters within 20ms. 
	SCS
	60 KHz
	120 KHz

	CP length
	1.175 us
	0.5875 us

	Difference in distance for  = CP length 
	352.5 m
	176.25 m

	Difference in distance for  = half CP length
	176.25 m
	88.125 m



[bookmark: _Ref4277512][bookmark: _Ref4277584]Observation 3: When  is longer than half a CP length, it is very straightforward that this timing change could never be resulted purely from UE’s mobility. 
[bookmark: _Ref4277518]Proposal 2: Only introduce one shot timing adjustment when  is longer than a threshold of [50%] of the UL CP length.

As long as the one shot UL timing adjustment is only applied to the case when  is longer than [50%] of the UL CP length, we think it is OK for UE to adopt this timing adjustment in the opposite direction of DL timing change with the magnitude of . In this case, it can reduce the time needed for TA to converge. However, we should note that it will make it even more impossible for gNB to try to calculate the absolute accumulated TA at UE side.
[bookmark: _Ref4277774]Proposal 3: The one shot timing adjustment is in the opposite direction of DL timing change with the magnitude of .

Another thing we want to discuss is about the condition to apply this one-shot big-step timing adjustment. If the DL timing change is delayed by more than half a CP, then the magnitude that UE will advance its UL timing will be also half a CP. This big timing advance is only possible during DL-to-UL transition. Otherwise it will cause signal overlapping issue between 2 consecutive UL slots, as shown in Figure 2. There are 2 options to resolve this issue. 
· Option A: Allow interruption in the next slot after one-shot big-step timing adjustment. 
· Option B: Preclude this case in the requirement. In other words, 
· Network should not change the spatial relation (spatialRelationInfo) between any 2 consecutive UL slots 
· UE should not perform any one-shot big-step timing adjustment between any 2 consecutive UL slots
In our view, we think Option B is sufficient to resolve this issue without creating additional interruption.
[bookmark: _Ref4503528]Observation 4: The one-shot big-step timing adjustment may cause the signal overlapping issue between 2 consecutive UL slots
[bookmark: _Ref4503568]Proposal 4: Network should not change the spatialRelationInfo and UE should not perform any one-shot big-step timing adjustment between any 2 consecutive UL slots.
[image: ]
[bookmark: _Ref4502638]Figure 2. Condition to apply one-shot big-step timing adjustment

Regarding the SNR side condition, we think it is OK to use SNR 3dB as a starting point, which aligns the SNR used in the test case. Whether to lower the SNR side condition can be further discussed based on evaluation results.
[bookmark: _Ref4277522]Proposal 5: The SNR side condition can be set at 3dB as a starting point. 
3 Summary
In this paper, we discuss the issue of UE UL timing change due to Rx beam change. We have the following observation and proposal:
Observation 1: Current UE UL timing requirements in Section 7.1.2 implies that network has the capability to tolerance UL timing error to some extent. This capability can also be used to handle UL timing change due to UE Rx beam switch.
Observation 2: It is not feasible to introduce 2 completely different UE behaviors to handle DL timing change due to mobility or Rx beam change, because UE may not be able to identify the single root cause, especially when  is small.
Observation 3: When  is longer than half a CP length, it is very straightforward that this timing change could never be resulted purely from UE’s mobility.
Observation 4: The one-shot big-step timing adjustment may cause the signal overlapping issue between 2 consecutive UL slots
Proposal 1: When  is small, RAN4 should keep one single UE behavior to handle the DL timing change, no matter it is due to UE’s mobility or Rx beam change.
Proposal 2: Only introduce one shot timing adjustment when  is longer than a threshold of [50%] of the UL CP length.
Proposal 3: The one shot timing adjustment is in the opposite direction of DL timing change with the magnitude of .
Proposal 4: Network should not change the spatialRelationInfo and UE should not perform any one-shot big-step timing adjustment between any 2 consecutive UL slots.
Proposal 5: The SNR side condition can be set at 3dB as a starting point.
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(a) One-shot big step timing adjustment happens during DL-to-UL transition
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