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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the last RAN4 meeting (RAN4#90bis) requirements related to the UE transmit timing adjustment under the beam switch was agreed and incorporated in section 7.1.2 in the latest version of TS 38.133 approved after RAN4#90bis meeting. These requirements as defined in section 7.1.2 are expressed as follows: 
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.
As shown above, the values of Te1 and T are FFS and needs to be resolved in RAN4#91. In this paper we provide analysis and address the open issues in order to finalize the requirements. 
2. Analysis of Open Issues
It was agreed to generalize the transmit timing requirements under beam switching. However, there are still few differences between the timing change to beam switching (RX beam or TX beam switch) and the legacy UE transmission timing error e.g. due to change in the DL timing without changing the timing reference. Under beam switch (e.g. TCI state change) the timing reference will change. However, the UE may still be using old TA command i.e. NTA is the same as before. We therefore propose that the UE should check the time difference between the reception timings of the old beam and the new beam and based on that decide whether to apply one shot adjustment or not. For example if the magnitude of the 2*T (assuming reciprocity) exceeds certain threshold (H) then the UE shall adjust its transmission timing in one adjustment. Otherwise the UE can follow the legacy procedure to adjust its timing. 
Where: T = T1-T2,
· T1 is the reception time of the old beam at the UE before beam switch,
· T2 is the reception time of the new beam at the UE after the beam switch.
· H is described below.
The UE by applying single shot adjustment will compensate for the timing change perceived by the UE due to the beam switch. This means no Te1 is needed. The threshold (H) however should still be within the fraction of the CP. This means for small changes in the timing the UE can apply small adjustments. 
Threshold for one shot timing adjustment:
The value, H, is the threshold beyond which the UE shall apply one shot adjustment in the uplink timing. If the threshold, H, is large then it will take significantly longer for the UE to adjust the UE transmit timing to appropriate level i.e. to fully compensate its due to the beam switch.  The delay in bringing the UE transmit timing to appropriate level means the base station reception quality will be degraded. Therefore, in our opinion the threshold, H, should be fraction of the CP length. The CP length also needs to account for timing drift due to other factors such as multipaths etc. 
Table 1 shows the relation between CP length of SSB and the maximum UE timing error (Te) specified in section 7.1.2 of TS 38.133. The Te also depends on UL SCS. However, it is important to consider the worse case. For higher SSB SCS (120 and 240 kHz) there is clearly not enough margin at the base station especially for UL SCS = 60 kHz since last percentage of CP length is consumed due to UE timing error. Therefore, T, for SSB SCS ≥ 120 kHz is proposed to be some of the existing Te + 1%of Te. Even for lower SCS (SSB SCS ≤ 30 kHz) there is slight room for setting H as larger percentage of Te. For example for SSB ≤ 30 kHz H = existing Te + 3-4% Te. The proposed values of H for different SCS are shown in table 2. 
Table 1: Relation between CP length and maximum UE timing error (Te) in section 7.1.2 of TS 38.133
	SSB SCS (kHz)
	CP length (TCP)
	UL SCS (kHz)
	Max UE timing error (Te) [Tc]
	UE timing error (Te) as percentage of SSB CP length (%)
	UE timing error (Te) as percentage of UL CP length (%)

	
	SSB TCP [µs]
	UL SCS TCP [µs]
	
	
	
	

	15
	4.76 
	4.76
	15
	758
	8
	8

	
	
	2.38
	30
	640
	
	14

	
	
	1.19
	60
	640
	
	28

	30
	2.38
	4.76
	15
	512
	5.5
	5.5

	
	
	2.38
	30
	512
	
	11

	
	
	1.19
	60
	448
	
	19

	120
	0.59
	1.19
	60
	224
	19
	9.5

	
	
	0.59
	120
	224
	
	19

	240
	0.29
	1.19
	60
	192
	33
	8

	
	
	0.59
	120
	192
	
	16




Table 2: Proposed values of H
	SSB Subcarrier spacing (kHz)
	 H [Tc]
	H as percentage of CP length (%)

	
	
	

	15
	1124
	12

	30
	702
	15

	120
	235
	20

	240
	200
	34



· Proposal # 1: The threshold, H, beyond which the UE applies single shot adjustment shall be fraction of the CP length of SSB. 
· Proposal # 2: The proposed values of H as function of SSB SCS is given in table 2.
3. Summary
In this paper we have analysed the remaining issues in order to finalize the UE transmit timing requirements. The following are the main proposals:
· [bookmark: _GoBack]Proposal # 1: The threshold, H, beyond which the UE applies single shot transmission timing adjustment shall be fraction of the CP length of SSB. 
· Proposal # 2: The proposed values of H as function of SSB SCS is given in table 2.

	SSB Subcarrier spacing (kHz)
	 H [Tc]
	H as percentage of CP length (%)

	15
	1124
	12

	30
	702
	15

	120
	235
	20

	240
	200
	34



A CR to update the requirements based on the above proposals is provided in [1].
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