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1. Introduction
RAN4 has received an LS from RAN1 on the relationship between downlink frame timing detection error and UE transmit timing error (i.e Te) [1]. In this contribution we discuss the question raised by RAN1 and propose reply to that.
2. Discussion
In RAN1#104e, RAN1 discussed propagation delay compensation enhancements, which involve downlink frame timing detection error and UE transmit timing error (i.e. Te). There are two kinds of interpretations of the relationship between downlink frame timing detection error and UE transmit timing error (i.e. Te) based on the current definition in RAN4 specification TS 38.133 V17.0.0, as listed below. RAN1 would like the clarification from RAN4.

· Option 1: downlink frame timing detection error is already included in UE transmit timing error (i.e. Te);
· Interpretation: “the reference point” defined in section 7.1.2 in TS 38.133 for UE transmission timing is ahead of “True arrival timing at UE”, and the timing error limit value Te is given taking downlink frame timing detection error into account, as shown in figure 1 as an example.

· Option 2: downlink frame timing detection error is not included in UE transmit timing error (i.e. Te);

· Interpretation: “the reference point” defined in section 7.1.2 in TS 38.133 for UE transmission time is   ahead of the first path detected by the UE, and the timing error limit value Te is given without consideration of downlink frame timing detection error, as shown in figure 2 as an example.
· Note that “arrival time detected by UE” in Figure 1 and Figure 2 refers to the first detected path (in time) of the corresponding downlink frame from the reference cell, as described in Section 7.1 of TS 38.133.
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Figure 1   








Figure 2
The UE initial transmit timing error shall be less than or equal to (Te, where the timing error limit value Te is specified in Table 7.1.2-1 in TS 38.133. For information, we list the table as below:

Table 1: Te Timing Error Limit

	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te

	1
	15
	15
	12*64*Tc

	
	
	30
	10*64*Tc

	
	
	60
	10*64*Tc

	
	30
	15
	8*64*Tc

	
	
	30
	8*64*Tc

	
	
	60
	7*64*Tc

	2
	120
	60
	3.5*64*Tc

	
	
	120
	3.5*64*Tc

	
	240
	60
	3*64*Tc

	
	
	120
	3*64*Tc

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


The practical value of Te mainly depends on the UE capability of estimating the first detected downlink path. The higher the UE measurement capability is, the smaller the practical value of Te is. The UE measurement capability and estimating accuracy are related to the baseband sampling rate of time tracking reference signals, and sampling rate is based on the bandwidth of SSB.
Downlink frame timing detection error is the timing gap between true arrival time at UE and the first path detected by the UE (arrival time detected by UE), this gap also depends on UE capability of estimating the first detected path of downlink frame. Therefore, the downlink frame timing detection error has already been included in UE transmit timing error (i.e. Te). 
Observation #1: Downlink frame timing detection error is already included in UE transmit timing error requirements (i.e. Te).
Besides, according to RAN1’s interpretation, in figure 1 and figure 2, the ‘arrival time detected by UE’ refers to the ‘first detected path (in time) of the corresponding downlink frame from the reference cell’, as described in Section 7.1 of TS 38.133. However, based on our analysis above, the clarification is needed that the ‘first detected path (in time) of the corresponding downlink frame from the reference cell’ is refers to ‘the true arrival time of the first path at the UE’.
3. Proposed Response
Based on the discussion points above, we propose the response to questions from RAN1 below:

Question 1: Which option/interpretation should RAN1 take for interpreting the relationship between downlink frame timing detection error and UE transmit timing error (i.e. Te) based on the current definition in RAN4 specification TS 38.133 V17.0.0?
· Option 1: downlink frame timing detection error is already included in UE transmit timing error (i.e. Te);
· Interpretation: “the reference point” defined in section 7.1.2 in TS 38.133 for UE transmission timing is ahead of “True arrival timing at UE”, and the timing error limit value Te is given taking downlink frame timing detection error into account, as shown in figure 1 as an example.

· Option 2: downlink frame timing detection error is not included in UE transmit timing error (i.e. Te);

· Interpretation: “the reference point” defined in section 7.1.2 in TS 38.133 for UE transmission time is   ahead of the first path detected by the UE, and the timing error limit value Te is given without consideration of downlink frame timing detection error, as shown in figure 2 as an example.
[RAN4] RAN1 should take Option1 for interpreting the relationship between downlink frame timing detection error and UE transmit timing error (i.e. Te) based on the current definition in RAN4 specification TS 38.133. Downlink frame timing detection error has already been included in UE transmit timing error (i.e. Te); 

In addition, RAN4 would like to clarify that ‘the reference point’ defined in section 7.1.2 in TS 38.133 for UE transmission timing is at the beginning of ‘true arrival time of the first path at the UE’.
4. Conclusion

In this contribution, we discuss the relationship between downlink frame timing detection error and UE transmit timing error, and give the proposed response to RAN1. 

5. Reference

[1] R1-2102245 LS on UE transmit timing error. 
[2] R4-1711246 Further considerations on UE initial transmit timing requirements in NR, Huawei, HiSilicon

[2] 3GPP TS 38.133 V17.0.0: "NR; Requirements for support of radio resource management".
6. Appendix

The draft reply LS to RAN1 is captured below:
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1. Overall Description:

RAN4 thanks RAN1 for their enquiry about the UE transmit timing error related issues and would like to provide the below response to the question asked.

Question 1: Which option/interpretation should RAN1 take for interpreting the relationship between downlink frame timing detection error and UE transmit timing error (i.e. Te) based on the current definition in RAN4 specification TS 38.133 V17.0.0? 

· Option 1: downlink frame timing detection error is already included in UE transmit timing error (i.e. Te);

· Interpretation: “the reference point” defined in section 7.1.2 in TS 38.133 for UE transmission timing is [image: image3.wmf]c
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 ahead of “True arrival timing at UE”, and the timing error limit value Te is given taking downlink frame timing detection error into account, as shown in figure 1 as an example.
· Option 2: downlink frame timing detection error is not included in UE transmit timing error (i.e. Te);
· Interpretation: “the reference point” defined in section 7.1.2 in TS 38.133 for UE transmission time is [image: image4.wmf]c
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 ahead of the first path detected by the UE, and the timing error limit value Te is given without consideration of downlink frame timing detection error, as shown in figure 2 as an example.
Note that “arrival time detected by UE” in Figure 1 and Figure 2 refers to the first detected path (in time) of the corresponding downlink frame from the reference cell, as described in Section 7.1 of TS 38.133 V17.0.0.
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Figure1                                    Figure2
[RAN4] RAN1 should take Option1 for interpreting the relationship between downlink frame timing detection error and UE transmit timing error (i.e. Te) based on the current definition in RAN4 specification TS 38.133. Downlink frame timing detection error has already been included in UE transmit timing error (i.e. Te); 

In addition, RAN4 would like to clarify that ‘the reference point’ defined in section 7.1.2 in TS 38.133 for UE transmission timing is at the beginning of ‘true arrival time of the first path at the UE’.
2. Actions:

To RAN1
ACTION: 
RAN4 requests RAN1 to take the above responses into consideration.
3. Date of Next TSG-RAN WG4 Meetings:
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