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1 Introduction
In RAN1#104-e meeting, one LS [1] was sent to RAN4 on the issue of UE transmit timing error (i.e. Te), which requests clarifications on the downlink frame timing detection error and UE transmit timing error. In RAN4#98b-e meeting, LS response [2] was sent to RAN1, however, the definition of the “reference point” defined in section 7.1.2 in TS 38.133 [3] is left for further discussions. In this paper, we provide our analysis and views regarding the reference point definition.  
2 [bookmark: _Ref23587092]Discussion
The current reference point definition in section 7.1.2 in TS 38.133 [3] is: ‘The reference point for the UE initial transmit timing control requirement shall be the downlink timing of the reference cell minus. The downlink timing is defined as the time when the first detected path (in time) of the corresponding downlink frame is received from the reference cell.’ As depicted in Figure 1.
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[bookmark: _Ref47527660]Figure 1: Sketch depicts the Te error defined in relative to the arrival time detected by UE 
In order to simplify the timing representation in Figure 1, we remove the constant time and hence the resulting timing representation is depicted in Figure 2.  
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[bookmark: _Ref71369173]Figure 2: A simplified sketch that depicts the Te error in relative to the arrival time detected by UE 
From Figure 2, it is clear that when the first detected path is used as the reference point the Te does not take into consideration the DL frame timing detection error. In order to justify that we can assume the Te is equal to zero, however, we can observe that there a timing error gap, which is the DL frame timing detection error. Thus, we can conclude that using the first detected path as the reference point results in having the DL frame timing detection error is not included in UE transmit timing error. Nevertheless, this conclusion contradict the RAN4 common understanding reported in [2], which state that downlink frame timing detection error is already included in UE transmit timing error. Therefore, using the first detected path as the reference point in section 7.1.2 in TS 38.133 is not correct. 
Observation 1: Using the first detected path as reference point results in downlink frame timing detection error being not included in UE transmit timing error (i.e. Te). This contradicts the RAN4 common understanding, which is the downlink frame timing detection error is already included in UE transmit timing error.
In a similar manner to the above analysis, we repeat the same steps but this time we take into consideration that the reference point as the true arrival time at UE. Hence, the new time representation is depicted in Figure 1.
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[bookmark: _Ref71370268]Figure 3: Sketch depicts the Te error defined in relative to the true arrival time at UE 
In order to simplify the timing representation in Figure 3, we remove the constant time and hence the resulting timing representation is depicted in Figure 4.  
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[bookmark: _Ref71370324]Figure 4: A simplified sketch that depicts the Te error in relative to the true arrival time at UE 
From Figure 4, it is clear that the DL frame timing detection error is included in the UE transmit timing error, which aligns with the common RAN4 understanding. Hence, the definition of the reference point in section 7.1.2 in TS 38 must be changed to be the true arrival time at UE (i.e. the UE transmit timing error is defined in relative to the true arrival time at UE).
Observation 2: Using the true arrival time at UE as the reference point for UE transmit timing error (i.e. Te) results in the DL frame timing detection error being included in the Te, which aligns with RAN4 common understating. 
However, the UE is not capable of detecting the true arrival time for all received reference signals. Hence, the phrase ‘first detectable path (in time)’ can be used instead of the phrase ‘true arrival time’, yet, using the phrase ‘first detectable path (in time)’ is not meaningful by itself because it is not clear on what basis the first path is considered detectable. Therefore, there should be a note condition that specify an SINR threshold to differentiate when the UE is capable of detecting the first path or not. In other words, the UE should be able to detect the first path for SINR above that threshold and hence follow the Te requirements, otherwise, for very low SINR the UE doesn’t have to follow the Te requirements. The definition of SINR threshold can follow the same of that used for testing scenario, where the high SINR threshold (given as Ês/Iot) is assumed to be equal to 3 dB, such as in section A.4.4.1.1 in TS 38.133 [3].
Observation 3: The UE is only capable of detecting the first detectable path for sufficiently high SINR, and hence the UE should follow the Te requirement for the SINR above that threshold only.
Proposal 1: Support using the first detectable path in time at UE as the reference point for UE transmit timing error (i.e. Te). 
Proposal 2: Support re-writing the second paragraph in section 7.1.2 in TS 38.133 as:
	The UE shall meet the Te requirement for an initial transmission provided that at least one SSB is available at the UE during the last 160 ms. The reference point for the UE initial transmit timing control requirement shall be the downlink timing of the reference cell minus time. The downlink timing is defined as the time when the first detectable path in time at UE of the corresponding downlink frame is received from the reference cell. NTA for PRACH is defined as 0.
· The first path is considered detectable if the Ês/Iot of the first path ≥ 3 dB.


3 Summary
In this paper, we provide our view about the UE transmit timing error. We have the following observations and proposal.
Observation 1: Using the first detected path as reference point results in downlink frame timing detection error being not included in UE transmit timing error (i.e. Te). This contradicts the RAN4 common understanding, which is the downlink frame timing detection error is already included in UE transmit timing error.
Observation 2: Using the true arrival time at UE as the reference point for UE transmit timing error (i.e. Te) results in the DL frame timing detection error being included in the Te, which aligns with RAN4 common understating.
Observation 3: The UE is only capable of detecting the first detectable path for sufficiently high SINR, and hence the UE should follow the Te requirement for the SINR above that threshold only.
Proposal 1: Support using the first detectable path in time at UE as the reference point for UE transmit timing error (i.e. Te).
Proposal 2: Support re-writing the second paragraph in section 7.1.2 in TS 38.133 as:
	[bookmark: _GoBack]The UE shall meet the Te requirement for an initial transmission provided that at least one SSB is available at the UE during the last 160 ms. The reference point for the UE initial transmit timing control requirement shall be the downlink timing of the reference cell minus time. The downlink timing is defined as the time when the first detectable path in time at UE of the corresponding downlink frame is received from the reference cell. NTA for PRACH is defined as 0.
· The first path is considered detectable if the Ês/Iot of the first path ≥ 3 dB.
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