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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
[bookmark: _Hlk66899712]RAN4 has received an LS from RAN1 on LS on UE transmit timing error [1]. The LS is related to the Rel-17 WI on Enhanced IoT and URLLC support [2].
In this paper we analyze the RAN1 requests and provide draft of the response LS to RAN1. 
2. Analysis of UE transmit timing error (Te)
The main question in the RAN1 LS is whether the UE transmit timing error (Te) also includes downlink frame timing detection error in the UE or not. This is analyzed and discussed below.

The UE uses the SSB of the reference cell (e.g. PCell in pTAG) to derive the UE’s transmit timing. The downlink timing is the time when the UE receives the SSB’s first detected path (in time).

The SSB should be available at least one every 160 ms. As can be observed from Table 7.1.2-1 in TS 38.133 below that the Te is defined as function of both SSB SCS and UL SCS. 

The SSB BW (in MHz) depends on the SCS of the SSB. The UE samling rate in turn depends on the SSB BW i.e. larger sampling rate at higher SCS (or larger BW) and vice versa. Firstly, it is observed from Table 7.1.2-1 that the magnitude of Te decreases with the increase in the SSB SCS (that are conditional to the Te) and vice versa. The reason is that at larger sampling rate the DL frame receive timing error at the UE decreases compared to that at lower SSB SCS. 

It is also observed from Table 7.1.2-1 that the magnitude of Te decreases with the increase in the UL SCS and vice versa. The UL CP needs to account for radio channel imperfections e.g. delay spread caused by the multipath effects. Therefore, to ensure that the base station can received UL signals from multiple UEs in the cell well within the CP, the Te is kept as small fraction of the UL CP.

The Te also includes other implementation margins e.g. 1.5 Ts (96 Tc) to account for DigRF regardless of the SCS.

RRM requirements including Te are derived at the UE antenna and not at any arbitrary point inside the UE. For example, the power of the first detected path of the SSB (e.g. SSB_RP) from the reference cell (e.g. PCell) is estimated at the UE antenna connector defined in section 3.2, TS 38.133. This is also the principle used in the UE transmit timing test cases for measuring the first detected path (e.g. A.7.4.1.1	NR UE Transmit Timing Test for FR2, A.6.4.1.1	NR UE Transmit Timing Test for FR1 etc., in TS 38.133):

Ês	Received energy per RE (power normalized to the subcarrier spacing) during the useful part of the symbol, i.e. excluding the cyclic prefix, at the UE antenna connector

SSB_RP	Received (linear) average power of the resource elements that carry NR synchronisation burst, measured at the UE antenna connector

In summary, the Te includes DL frame detection error as well as UE transmit timing error including all UE implementation margins. Therefore, interpretation of Te described in Option 1in the RAN1 LS is correct.
Table 7.1.2-1: Te Timing Error Limit [TS 38.133]
	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]



2. Summary
The following are the observations and proposals based on the analysis provided in this paper:
· Observation 1: UE transmit timing is derived by the UE based on the first detected path (in time) of the SSB of the reference cell. The power of the SSB’s first detected path in time is measured at the UE antenna. 
· Observation 2: The UE transmit timing error (Te) in table 7.1.2-1 in TS 38.133 is defined as function of both SSB SCS and UL SCS.
· Observation 3: Te decreases with the increase in SSB SCS due to increase in the sampling rate resulting in decrease in the DL reception errors at the UE.
· Observation 4: Te also decreases with the increase in UL SCS to ensure Te is fraction of UL CP.
· Observation 5: If downlink frame timing detection error was not included in Te then Te will not have any upper bound leading to unpredictable reception error at the BS.
· [bookmark: _Hlk67912979]Proposal 1: The downlink frame timing detection error in the UE is included in UE transmit timing error (Te) defined in section 7.1.2, TS 38.133.

Based on the above proposal draft of the LS response is provided in section 3 below.
3. Draft of LS Response to RAN1

Title:	LS response on UE transmit timing error 
Response to:	-
Release:	Rel-17
Work Item:	NR_IIOT_URLLC_enh

Source:	TSG RAN WG4
To:	TSG RAN WG1
Cc:	

Contact Person:	
Name:	          Muhammad Kazmi
E-mail Address:	muhammad.kazmi@ericsson.com

1. Overall Description:
RAN4 would like to thank RAN1 for their LS UE transmit timing error in R1-2102245 related to the interpretation of the UE transmit timing error (Te) defined in section 7.1.2, TS 38.133. 
[RAN1 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? 
[RAN4 response]: The downlink frame timing detection error in the UE is included in UE transmit timing error (Te) defined in section 7.1.2, TS 38.133. Therefore, correct interpretation of Te is according to Option 1 in the RAN1 LS in R1-2102245. 
2. Actions:
To RAN1
ACTION: 	RAN4 respectfully asks RAN1 to take into account RAN4 feedback/response on RAN4 interpretation of the Te in their future work on propagation delay compensation enhancements.

3. Date of Next TSG-RAN WG4 Meetings:	
TSG-RAN WG4 Meeting #99-e 	         19-27 May 2021				Electronic Meeting
TSG-RAN WG4 Meeting #100-e 	     16-27 August 2021		          Electronic Meeting
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