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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the RAN4#98bis-e meeting, a reply RS [1] on UE transmit timing error to RAN1 was approved. However, there were different understandings of downlink reference timing in Te requirements. RAN4 agreed to further discuss the reference point definition.
In the RAN4#99-e and RAN4#100-e meetings, there were further discussions on reference point for Te requirements. The related issues were captured in WF [2, 3]. There were also CRs to change legacy R15/R16 Te requirements. No agreements were reached.
In this contribution, we further provide our views on the reference downlink timing for Te requirements.
2. Discussion
2.1 Te requirements
The legacy Te requirements related to reference downlink timing in TS 38.133 are as follows.
	The UE initial transmission 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. This requirement applies:
-	when it is the first transmission in a DRX cycle for PUCCH, PUSCH and SRS, or it is the PRACH transmission, or it is the msgA transmission..
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 [image: ]. 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. NTA for PRACH is defined as 0.


In the legacy Te requirements, the reference 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. The requirements itself are clear enough and it is the correct definition based on how the requirements were defined. 
In RAN4#85 meeting, the principle for defining initial UE transmit timing error requirements was agreed.
· Initial UE transmit timing error (Te):
· Principle: 
· For Te values, the downlink bandwidth of SSB and/or TRS and uplink SCS should be taken into account. 
· The different RF margins apply to different frequency ranges.
· The margin decrease with the increasing SCS
· The lower boundary of Te for each bandwidth/SCS should be expected
The principle imply Te comes from timing error of UE detected path due to resolution of SSB signals and RF margin at least. The components of Te are mainly downlink timing detection error due to resolution of reference signals which is SSB in defining Te requirements, RF margin for both DL and UL, and maybe UL jitter. Downlink timing detection error of SSB signals as proposed in [4] was used to derive Te requirements. All the other components are considered as margin. The error due to downlink timing detection error and margins are summarized in Table 1.
Table 1. Te requirements
	FR
	SCS of SSB (KHz)
	SSB BW (MHz) 
	SCS of UL (KHz)
	Te
(64*Tc)
	Te,DL_BW
(Ts)
	Te, margin
(Ts)
	Te
(ns)
	Te,DL_BW
(ns)
	Te, margin
(ns)

	1
	15
	3.6
	15
	12*64*Tc
	4.267
	7.733
	391
	139
	252

	
	
	
	30
	10*64*Tc
	
	5.733
	326
	139
	187

	
	
	
	60
	10*64*Tc
	
	5.733
	326
	139
	187

	
	30
	7.2
	15
	8*64*Tc
	2.133
	5.867
	260
	69
	191

	
	
	
	30
	8*64*Tc
	
	5.867
	260
	69
	191

	
	
	
	60
	7*64*Tc
	
	4.867
	228
	69
	158

	2
	120
	28.8
	60
	3.5*64*Tc
	0.533
	2.967
	114
	17
	97

	
	
	
	120
	3.5*64*Tc
	
	2.967
	114
	17
	97

	
	240
	57.6
	60
	3*64*Tc
	0.266
	2.733
	98
	9
	89

	
	
	
	120
	3*64*Tc
	
	2.733
	98
	9
	89


Since downlink timing detection error is derived based on resolution of downlink SSB signals, it has to be based on UE first detected path. 
Observation 1: The Te requirements are derived based on UE first detected path.
In the reply LS [1], it was concluded RAN4 has the common understanding that downlink frame timing detection error is already included in UE transmit timing error (i.e. Te defined in section 7.1.2 in TS 38.133). 
This may not be fully correct. For AWGN channel, the downlink timing detection error, including downlink path detection error and RF margin for DL RF chain are included in Te requirements. But for multipath fading channel the path detection error was not included. 
In [5, 6], similar analysis was made as follows.
while the UE performance in AWGN channel may be close to these values, the timing detection error caused by multipath channel is not taken into account, even though the error by multipath likely dominates.
The relationship of downlink timing detection error and Te can be illustrated in Fig 1. 
It is noted that Te,DL in Fig 1 includes error of Te,DL-BW in Table 1 and RF margin for downlink RF chain and other downlink relevant timing errors.
Te,margin is Te minus Te,DL.
TUE, Rx, error is the entire downlink frame timing detection error, including all timing errors of downlink timing compared to reference downlink timing. It is supposed to be based on first path.
TUE,path-detection is the timing error between first path and UE first detected path.



Fig 1. Downlink timing detection error model
In summary, following further observations can be made.
Observation 2: Multipath detection error is not taken into consideration for downlink timing detection error in Te.

2.2 Reference point
There was proposal to change reference point for downlink timing in legacy Te requirements. One is to change the reference path from UE first detected path to ‘detectable path’ or ‘first path’. The other is to clarify the reference point is UE antenna. 
In the last meeting RAN4 agrees not to further discuss ‘detectable path’ anymore. It was also agreed that ‘UE antenna’ is used in the Te requirements for clarification of reference point.
	· RAN4 down select among the three options and discontinue discussion related to Option 2 (use of ‘detectable’ in the text)
· Agree on Option 1: Use ‘antenna’ in definition as proposed in the tentative TP



So remaining issue is whether to use ‘first path (in time)’ or ‘first detected path (in time) in Te requirements.
Firstly, Te requirements are not derived from ‘first path’.
In Appendix, simulation results for multi-path detection under different channel models as specified in TS 38.101-4, which are TDL-A 30ns, TDL-B 100ns and TDL-C 300ns for FR1 and TDL-A 30ns and TDL-C 60ns for FR2, are provided. The simulations are performed under both -3dB and 3dB SNR, and 15kHz SCS for FR1 and 240kHz SCS for FR2.
For convenience, the results for TDL-B 100ns and 15kHz SCS are copied as below. Other results can be found in Appendix.
[image: ][image: ]
Fig 2. Downlink timing detection error in multi-path fading channel TDL-B 100ns, 15kHz SCS
For the ‘detectable path’, it cannot be used as reference downlink timing because it is totally ambiguous with detailed conditions. In Fig 2 it can be seen that most of the paths of TDL-B 100ns channel are detectable. However, RRM requirements are generally based on 90-th percentile of success rate. The multi-path detection error could be 45ns with 90-th percentile of success rate for TDL-B 100ns channel. This was not considered in Te requirements. 
The multipath detection error is summarized in Table 2.
Table 2. Multipath detection error with -3 dB SNR
	TDL-A 30ns
	TDL-B 100ns
	TDL-C 300ns
	TDL-A 30ns
	TDL-C 60ns

	15ns
	45ns
	190ns
	10ns
	40ns


It can be seen obviously it is not possible to include the multipath detection error for TDL-C 300ns channel into Te requirements.
For the ‘first path’, which may be interpreted as ‘truly arrived’, it is not appropriate to define Te requirements. The ‘first path’ is unknow to UE and the uplink timing should anyway be adjusted based on UE detected path. If ‘first path’ is used then Te requirements should be re-evaluated. At least the multipath detection error in Table 2 should be added to Te additionally.
During discussions in the last meeting, there was view that UE is not required meet Te requirements under some scenarios (e.g., multipath propagation channel with large delay spread). However, it has limitation on the applicability of Te requirements without knowing benefit. Furthermore, it is not clear what the impact would be in practical network. 
Observation 3: ‘First path’ is also not appropriate to define Te requirements as it is unknown to UE and re-evaluations are needed if it is to be used as reference.

Secondly, another import issue regarding reference point is UE uplink timing autonomous adjustment.
	When the transmission timing error between the UE and the reference timing exceeds Te then the UE is required to adjust its timing to within Te. The reference timing shall be [image: ] before the downlink timing of the reference cell.


UE needs to adjust uplink transmission timing if downlink timing is changed. The adjustment can only be done based on UE first detected path because there is no way for UE to know the first path. After adjustment, UE is required to meet Te requirements. The propagation conditions can change during UE autonomous adjustment. If Te requirements are based on first path but UE adjust uplink timing based on UE first detected path, then UE could fail to meet Te requirements after UE autonomous adjustment.
Observation 4: If Te requirements are based on first path but UE adjust uplink timing based on UE first detected path, then UE could fail to meet Te requirements after UE autonomous adjustment.

In summary, the ‘first detected path’ can only be used by UE to adjust uplink timing accordingly. The legacy Te requirements are crystal clear. Changing legacy Te requirements has big impact on legacy UE and practical network. It is not expected to change any R15/R16 Te requirements.
Proposal 1: No change to legacy Te requirements in terms of reference path.
Proposal 2. The reference point can be further clarified in Te requirements as ‘the downlink timing is defined as the time when the first detected path (in time) of the corresponding downlink frame from the reference cell is received at UE antenna’.

3. Summary
[bookmark: _Hlk23953093]In this contribution we further provide our views on the reference downlink timing for Te requirements. Based on analysis following observations and proposals are present.
Observation 1: The Te requirements are derived based on UE first detected path.
Observation 2: Multipath detection error is not taken into consideration for downlink timing detection error in Te.
Observation 3: ‘First path’ is also not appropriate to define Te requirements as it is unknown to UE and re-evaluations are needed if it is to be used as reference.
Observation 4: If Te requirements are based on first path but UE adjust uplink timing based on UE first detected path, then UE could fail to meet Te requirements after UE autonomous adjustment.

Proposal 1: No change to legacy Te requirements in terms of reference path.
Proposal 2. The reference point can be further clarified in Te requirements as ‘the downlink timing is defined as the time when the first detected path (in time) of the corresponding downlink frame from the reference cell is received at UE antenna’.

4. Appendix
The simulation results for multi-path detection under different channel models as specified in TS 38.101-4, which are TDL-A 30ns, TDL-B 100ns and TDL-C 300ns for FR1 and TDL-A 30ns and TDL-C 60ns for FR2, are provided respectively. The simulations are performed under -3dB and 3dB SNR.
 
Table B.2.1.1-2 TDLA30 (DS = 30 ns)
	Tap #
	Delay [ns]
	Power [dB]
	Fading distribution

	1
	0
	-15.5
	Rayleigh

	2
	10
	0
	Rayleigh

	3
	15
	-5.1
	Rayleigh

	4
	20
	-5.1
	Rayleigh

	5
	25
	-9.6
	Rayleigh

	6
	50
	-8.2
	Rayleigh

	7
	65
	-13.1
	Rayleigh

	8
	75
	-11.5
	Rayleigh

	9
	105
	-11.0
	Rayleigh

	10
	135
	-16.2
	Rayleigh

	11
	150
	-16.6
	Rayleigh

	12
	290
	-26.2
	Rayleigh



[image: ][image: ]
Fig 3. Downlink timing detection error in multi-path fading channel TDL-A 30ns, 15kHz SCS

Table B.2.1.1-3 TDLB100 (DS = 100ns)
	Tap #
	Delay [ns]
	Power [dB]
	Fading distribution

	1
	0
	0
	Rayleigh

	2
	10
	-2.2
	Rayleigh

	3
	20
	-0.6
	Rayleigh

	4
	30
	-0.6
	Rayleigh

	5
	35
	-0.3
	Rayleigh

	6
	45
	-1.2
	Rayleigh

	7
	55
	-5.9
	Rayleigh

	8
	120
	-2.2
	Rayleigh

	9
	170
	-0.8
	Rayleigh

	10
	245
	-6.3
	Rayleigh

	11
	330
	-7.5
	Rayleigh

	12
	480
	-7.1
	Rayleigh



[image: ][image: ]
Fig 4. Downlink timing detection error in multi-path fading channel TDL-B 100ns, 15kHz SCS


Table B.2.1.1-4 TDLC300 (DS = 300 ns)
	Tap #
	Delay [ns]
	Power [dB]
	Fading distribution

	1
	0
	-6.9
	Rayleigh

	2
	65
	0
	Rayleigh

	3
	70
	-7.7
	Rayleigh

	4
	190
	-2.5
	Rayleigh

	5
	195
	-2.4
	Rayleigh

	6
	200
	-9.9
	Rayleigh

	7
	240
	-8.0
	Rayleigh

	8
	325
	-6.6
	Rayleigh

	9
	520
	-7.1
	Rayleigh

	10
	1045
	-13.0
	Rayleigh

	11
	1510
	-14.2
	Rayleigh

	12
	2595
	-16.0
	Rayleigh



[image: ][image: ]
Fig 5. Downlink timing detection error in multi-path fading channel TDL-C 300ns, 15kHz SCS

Table B.2.1.2-2 TDLA30 (DS = 30 ns)
	Tap #
	Delay [ns]
	Power [dB]
	Fading distribution

	1
	0
	-15.5
	Rayleigh

	2
	10
	0
	Rayleigh

	3
	15
	-5.1
	Rayleigh

	4
	20
	-5.1
	Rayleigh

	5
	25
	-9.6
	Rayleigh

	6
	50
	-8.2
	Rayleigh

	7
	65
	-13.1
	Rayleigh

	8
	75
	-11.5
	Rayleigh

	9
	105
	-11.0
	Rayleigh

	10
	135
	-16.2
	Rayleigh

	11
	150
	-16.6
	Rayleigh

	12
	290
	-26.2
	Rayleigh



[image: ][image: ]
Fig 6. Downlink timing detection error in multi-path fading channel TDL-A 30ns, 240kHz SCS


Table B.2.1.2-3 TDLC60 (DS = 60 ns)
	Tap #
	Delay [ns]
	Power [dB]
	Fading distribution

	1
	0
	-7.8
	Rayleigh

	2
	15
	-0.3
	Rayleigh

	3
	40
	0
	Rayleigh

	4
	50
	-8.9
	Rayleigh

	5
	55
	-14.5
	Rayleigh

	6
	75
	-8.5
	Rayleigh

	7
	80
	-10.2
	Rayleigh

	8
	130
	-12.1
	Rayleigh

	9
	210
	-13.9
	Rayleigh

	10
	300
	-15.2
	Rayleigh

	11
	360
	-16.9
	Rayleigh

	12
	520
	-19.4
	Rayleigh



[image: ][image: ]
Fig 7. Downlink timing detection error in multi-path fading channel TDL-C 60ns, 240kHz SCS
AWGN
[image: ][image: ]
Fig 8. Downlink timing detection error in AWGN channel, 15kHz SCS
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