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1. Introduction
An LS from RAN1 is received in this meeting regarding on the clarification of UE Tx transmit timing error specified in TS 38.133 [1]. Two possible interpretation are provided:
	[image: ][image: ]
            Option 1                                      Option 2


In this contribution, we firstly track back to the origin of the specs texts from 3G era, and analyze the ultimate purpose of requirement on UE Tx transmit timing error in 5G NR, and propose that the framing detection performance (error) should be covered the current requirement.
2. Discussion
5G NR specs inherit its precedence (LTE) as much as possible from its day one, so it is not surprising that the specs texts on timing reference for uplink transmission from a UE specified in TS 38.133 v15.0.0[2] are more or less copied and pasted from its LTE version TS 36.133 [3], as shown in below:
	TS 38.133 v15.0.0 and subsequent versions
[bookmark: _Toc535475928]7.1.1	Introduction

The UE shall have capability to follow the frame timing change of the reference cell in connected state. The uplink frame transmission takes place  before the reception of the first detected path (in time) of the corresponding downlink frame from the reference cell. For serving cell(s) in pTAG, UE shall use the SpCell as the reference cell for deriving the UE transmit timing for cells in the pTAG. For serving cell(s) in sTAG, UE shall use any of the activated SCells as the reference cell for deriving the UE transmit timing for the cells in the sTAG. UE initial transmit timing accuracy and gradual timing adjustment requirements are defined in the following requirements.



	TS 36.133 v8.0.0 and subsequent versions
[bookmark: _Toc383690742]7.1.1	Introduction

The UE shall have capability to follow the frame timing change of the connected eNode B. The uplink frame transmission takes place  before the reception of the first detected path (in time) of the corresponding downlink frame from the reference cell. The UE shall be configured with a pTAG containing the PCell. The pTAG may also contain up to six SCells, if configured. The UE capable of supporting multiple timing advances [2] may also be configured with one or two serving cells with uplink in one or two sTAG and pTAG.





Actually, for TS 36.133 in LTE, it is also inherited in a similar way from its precedence WCDMA TS 25.133 [4]:
	TS 25.133 v5.2.0 and afterward
[bookmark: _Toc495679965][bookmark: _Toc496504939][bookmark: _Toc502474266][bookmark: _Toc503084171][bookmark: _Toc503674218][bookmark: _Toc509170791][bookmark: _Toc509337446][bookmark: _Toc509753552][bookmark: _Toc510867304][bookmark: _Toc510868566][bookmark: _Toc510869275][bookmark: _Toc511029368][bookmark: _Toc526150362][bookmark: _Toc526150950][bookmark: _Toc526658953][bookmark: _Toc526761390][bookmark: _Toc527342933][bookmark: _Toc535842467][bookmark: _Toc535917830][bookmark: _Toc5099048][bookmark: _Toc5104134]7.1.2	Requirements
The UE initial transmission timing error shall be less than or equal to 1.5 Chip. The reference point for the UE initial transmit timing control requirement shall be the time when the first detected path (in time) of the corresponding downlink DPCCH/DPDCH frame is received from the reference cell plus T0 chips. T0 is defined in [2]. 




Furthermore, we can even date back to an earlier, or the initial version of the corresponding texts [5]. There was a maintenance CR R4-020498 approved in RAN4#21 proposing the current texts which stay all the way to now from its original version “the first significant path” [5]. The motivation of the change is for the consideration of testing, where “significant” does not have a specific indication on the timing reference. 
	TS 25.133 v5.1.0 and before
[bookmark: _Toc534220625][bookmark: _Toc535843882]7.1.2	Requirements
The UE initial transmission timing error shall be less than or equal to 1.5 Chip. The reference point for the UE initial transmit timing control requirement shall be the time when the first significant path of the corresponding downlink DPCCH/DPDCH frame is received plus T0 chips. T0 is defined in [2]. 



Since 3G is a CDMA based system, a UE has to search multiple paths/fingers with different arrival time at first within a searching window, and despread signals of each finger in time domain, then perform Maximum-Ratio-Combining among the different fingers, i.e., RAKE receiver. Since the positions of multiple fingers disguisable at the UE may span in the whole searching window, it is reasonable to specify the first detected path as the timing reference. 
Observation 1: Multiple paths may be detected with a span over a searching window in a 3G RAKE receiver, so it is reasonable to specify the first detected path as the timing reference.
It is also noteworthy that either “the first detected path” or “the first significant path” is more or less close to the true arrival time at UE in 3G. The reason is that in 3G, a constant downlink common pilot channel CPICH is transmitted, and even a UE-specific downlink DPCCH is also transmitted constantly once the connection is created, which allows for a UE to have an accurate estimation on the true arrival time at UE side.
Observation 2: 3G UEs may have a reliable estimate on the true arrival time of downlink frames thanks to the constantly available downlink common pilot channel CPICH, and can even be enhanced by always-on downlink UE-specific DPCCH channel once the connection is setup.
In 4G, the situation is changed since it is not CDMA but OFDM based, so no RAKE receiver is needed any more. The first detected path is actually corresponding to the starting position of FFT window, and the purpose of specifying a Te for UE transmit timing error is to guarantee the uplink signals from different intra-cell UEs at different locations can arrive at BS in an controlled interval, in order to keep the orthogonality among UEs. And furthermore similarly in LTE, a constantly transmitted cell-specific reference signal CRS is also available all the time, so UEs may have very accurate estimate on the true arrival time at UE side.
Observation 3: In 4G, UE transmit timing error is to guarantee the uplink signals from different intra-cell UEs at different locations can arrive at BS in an controlled interval, in order to keep the orthogonality among UEs, and 4G UEs may also have an accurate estimate on the true arrival time at UE side based on constantly transmitted signal CRS.
Observation 4: No need to specify detection performance requirements in 3G and 4G.

However, this is not the case any more in 5G NR, since no pilot or reference symbols are constantly available. A UE may obtain a coarse estimate on downlink frame timing based on SSB, and then has to rely on its dedicated reference symbol for a refined estimate only if it is granted with a certain resource blocks. Furthermore, since 5G NR is also an OFDM based system, there is also a need to guarantee the uplink signals from different intra-cell UEs at different locations can arrive at BS in an controlled interval, in order to keep the orthogonality among UEs. 
Observation 5: 5G NR UEs may still need to have a performance requirement on UE transmit timing error similar to that in LTE, but may not obtain an estimate on the downlink frame timing as accurate as in LTE. 
If there is another requirement on the downlink detection performance introduced, then it is equivalent to relax Te, which may lead to a system performance degradation. So Te should include the detection error on the downlink frame timing.
Observation 6: In 5G NR, Te should include the detection error on the downlink frame timing.
Proposal 1: Option 1 is taken from RAN4’s understanding.
Proposal 2: Send a reply LS based on the common understanding as shown appendix. 

3. Conclusion
In this paper, we have the following observations and proposals for the UE transmit timing error:
Observation 1: Multiple paths may be detected with a span over a searching window in a 3G RAKE receiver, so it is reasonable to specify the first detected path as the timing reference.
Observation 2: 3G UEs may have a reliable estimate on the true arrival time of downlink frames thanks to the constantly available downlink common pilot channel CPICH, and can even be enhanced by always-on downlink UE-specific DPCCH channel once the connection is setup.
Observation 3: In 4G, UE transmit timing error is to guarantee the uplink signals from different intra-cell UEs at different locations can arrive at BS in an controlled interval, in order to keep the orthogonality among UEs, and 4G UEs may also have an accurate estimate on the true arrival time at UE side based on constantly transmitted signal CRS.
Observation 4: No need to specify detection performance requirements in 3G and 4G.
Observation 5: 5G NR UEs may still need to have a performance requirement on UE transmit timing error similar to that in LTE, but may not obtain an estimate on the downlink frame timing as accurate as in LTE. 
Observation 6: In 5G NR, Te should include the detection error on the downlink frame timing.
Proposal 1: Option 1 is taken from RAN4’s understanding.
Proposal 2: Send a reply LS based on the common understanding as shown appendix. 

4. Draft reply LS

Title:	Draft reply LS on UE transmit timing error 
Response to:	R1-2102245 (R4-2104453)
Release:	Rel-17
Study Item:	NR_IIOT_URLLC_enh

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

Contact Person:	
Name:	Aijun Cao
E-mail Address:	cao.aijun@zte.com.cn


1. Overall Description:
[bookmark: _Hlk68195998]RAN4 would like to thank the LS from RAN1 on the requirement of UE transmit timing error (i.e., Te). A common understanding within RAN4 has been reached on the purpose of this requirement. The main purpose of this requirement in 5G NR is to guarantee the uplink signals from different intra-cell UEs at different locations can arrive at BS in an controlled interval, in order to keep the orthogonality among UEs. Therefore, no matter how a UE performs frame timing detection, the total tolerance of timing mis-alignment between time-of-arrival of its UL signal and other intra-cell UEs at BS side shall be fixated, therefore, interpretation Option 1 should be taken from RAN4’s perspective.  
2. Actions:
To RAN1
ACTION: 	RAN4 respectfully asks RAN1 to take into account the above information regarding the understanding on the UE transmit timing error. 

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


5. Reference
R4-2104453, LS on UE transmit timing error, RAN2
TS 38.133 v15.0.0
TS 36.133 v8.0.0
TS 25.133 v5.2.0
TS 25.133 v5.1.0
R4-020498, CR on UE Tx Timing in soft handover, Nokia
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