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[bookmark: _Ref129681862][bookmark: _Ref124589705]Introduction
[bookmark: _Ref129681832]The revised IIoT / URLLC work item description for Rel-17 [1] has enhancements for time synchronization as one of its main objectives:
	4. Enhancements for support of time synchronization:
a. RAN impacts of SA2 work on uplink time synchronization for TSN, if any. [RAN2]
b. Propagation delay compensation enhancements (including mobility issues, if any). [RAN2, RAN1, RAN3, RAN4]


This document summarizes the key issues discussed under agenda item 8.3.4 based on the views in [2][3][4][5][6][7][8][9][10][11][12], and aims to discuss a set of issues in RAN1#103-e. Note that since the reply LS from RAN2 is not available yet, we may be only able to discuss the issues that don’t need any input from RAN2. 
This document summarizes the details of the discussions on the above issues in section 2 to section 4. Please note that section 5 provides the summary of outcome under this email discussion.  
Remaining issues on error components
There are several aspects which have impact on the timing accuracy between UE and gNB. In RAN1#102-e, we discussed the potential error components that would have impact on the time accuracy one by one, and achieved agreements on most of the error components as shown in the Appendix. The following sections summarize the discussion for the remaining error components.   
BS transmit timing error  
In RAN1#102e it has been agreed to consider three options on how to represent the BS transmit timing error, which can represent the downlink transmit frame timing error. For example, it can be used to capture the timing error between the SFN timestamp in referenceTimeInfo which is captured at the gNB-DU [38.470 section 5.2.2] and the frame timing at the air interface.
	Agreements:
For BS transmit timing error, further study the following three options: 
· Option 1: 65 ns 
· Option 2:±130ns for the indoor scenario and ±200ns for the smart grid scenario
· Option 3:82.5 ns



Time Alignment Error (TAE) is defined in TS38.104 as a requirement for the base station. This requirement applies to the frame timing in TX diversity, MIMO transmission, carrier aggregation and their combinations. And this requirement is defined due to the frames of the NR signals present at the BS transmitter antenna connectors or TAB connectors are not perfectly aligned in time, and the RF signals present at the BS transmitter antenna connectors or transceiver array boundary may experience certain timing differences in relation to each other. In a sense, the inaccurate frame timing of BS is caused by the misalignment of the BS transmitter timing in different antenna connectors or transceiver array boundary in different transmitting occasions. So the frame timing accuracy can be seen as same as the TAE.
	6.5.3.2	Minimum requirement for BS type 1-C and BS type 1-H
For MIMO transmission, at each carrier frequency, TAE shall not exceed 65 ns.
For intra-band contiguous carrier aggregation, with or without MIMO, TAE shall not exceed 260ns.
For intra-band non-contiguous carrier aggregation, with or without MIMO, TAE shall not exceed 3µs.
For inter-band carrier aggregation, with or without MIMO, TAE shall not exceed 3µs.
The time alignment error requirements for NB-IoT are specified in TS 36.104 [13] clause 6.5.3.



Nokia (R1-2008844) described that TAE can apply between two radio equipment or radio units, and the TAE timing requirement would have to be translated to apply for a single gNB transmit chain. 
Based on the contribution, it seems the views are still diverse and we need to further discuss which option below to use for different scenarios:
· Option 1: 65 ns 
· Support: Vivo, CATT, ZTE, Huawei/HiSilicon, Samsung, LG, Intel
· Option 2: ±130ns for the indoor scenario and ±200ns for the smart grid scenario
· Option 3: 82.5 ns
· Support: Ericsson,
· Option 4: 32.5ns for control-to-control, somewhere between 100ns and 200ns for smart grid
· Support: Nokia, 
· Reasons
· Control to control: When the TAE requirement applies between antenna-ports connected to different radio equipment entities, TAE is the relative error between them by including the relative error introduced by the fronthaul network (to the last common reference). TAE of <65ns should apply for the control-to-control use case and as this can apply between two radio equipment entities connected to the same gNB-DU, this requirement is divided equally for each radio equipment entity, i.e. 65ns/2=32.5ns can be used to represent the SFN timestamp to radio equipment entity air interface timing.
· Smart grid: No TAE requirement is applicable to represent the BS frame transmit timing error, instead we have to rely on estimations of the BS frame transmit timing error. GNSS receiver is located at a gNB-DU, which introduces a relative error at the gNB-DU which is captured by RAN2. Leave room to support longer distanced between a gNB-DU and the deployed radio equipment entities, so we propose to assume a BS transmit frame timing error between ±100ns and ±200ns.
· Option 5: 70ns

[bookmark: OLE_LINK16][bookmark: OLE_LINK15]Question 2.1-1: Which option should we use for BS transmit timing error for control-to-control? Please provide your reason also. 
	Company
	View

	Nokia, NSB
	Option 4. 
We are open to Option 1, as the TAE requirement is the same, but the effective time synchronization error caused by the TAE requirement is reflected in Option 4.

	CATT
	We prefer to option.1 because single carrier scenario with MIMO transmission can be assumed for the error evaluation of the time synchronization and option.1 is defined in TS 38.104 for maximum BS transmit timing error under the single carrier scenario with MIMO transmission.

	ZTE
	65ns is preferred because only one cell is considered in the analysis.

	Ericsson
	Option 3
Here BS transmit timing error refers to 5G reference time transmission error, where the 5G reference time is via RRC signaling. Hence the BS transmit time error should include baseband error, in addition to the antenna connector error of TAE.
TAE in TS 38.104:
“Frames of the NR signals present at the BS transmitter antenna connectors or TAB connectors are not perfectly aligned in time. The RF signals present at the BS transmitter antenna connectors or transceiver array boundary may experience certain timing differences in relation to each other.
….
For BS type 1-C, the TAE is defined as the largest timing difference between any two signals belonging to different antenna connectors for a specific set of signals/transmitter configuration/transmission mode.”

	Samsung
	Option 1 should be enough for analysis

	HW/HiSi
	In our paper we propose 65ns. This is based on the corresponding requirement for single carrier MIMO which we think is a reasonable approach.
We acknowledge the point brought up by Nokia. The effective TAE is probably smaller than 65ns. Nokia’s conclusion, however, is based on the assumption that the error is divided equally between the 2 radio equipment’s. But this must not be the case and his highly implementation dependent.
For progress, we propose to make a working assumption for 65ns based on majority view and to add the argument from Nokia as a comment. Right now, we don’t know if it makes a difference in the final solution anyway. So, better to move on with the possibility to revisit in case it would matter.  

	LG
	We are fine with option 1 at least for study purpose. 

	Intel
	Option 1 should be prioritized.

	Vivo
	Option 1.
We think one carrier with MIMO transmission can be baseline for control-to-control scenario. 

	Qualcomm
	Option 3 by considering the error from baseband.  

	OPPO
	Option 1 is enough for study purpose.



Question 2.1-2: Which option should we use for BS transmit timing error for smart grid? Please provide your reason also. 
	Company
	View

	Nokia, NSB
	Option 2 or 3
In order to capture the potential larger distance between a RU and a DU (the last common reference of RUs, and the entity responsible for capturing the SFN timestamp), we see the need to capture a larger time synchronization error for smart grid. 

	CATT
	We prefer to option.1 because single carrier scenario with MIMO transmission can be assumed for the error evaluation of the time synchronization and option.1 is defined in TS 38.104 for maximum BS transmit timing error under the single carrier scenario with MIMO transmission.

	ZTE
	65ns is preferred because only one cell is considered in the analysis. 

	Ericsson
	Option 3
Here BS transmit timing error refers to 5G reference time transmission error, where the 5G reference time is via RRC signaling. Hence the BS transmit time error should include baseband error, in addition to the antenna connector error of TAE.
TAE in TS 38.104:
“Frames of the NR signals present at the BS transmitter antenna connectors or TAB connectors are not perfectly aligned in time. The RF signals present at the BS transmitter antenna connectors or transceiver array boundary may experience certain timing differences in relation to each other.
….
For BS type 1-C, the TAE is defined as the largest timing difference between any two signals belonging to different antenna connectors for a specific set of signals/transmitter configuration/transmission mode.”

	Samsung
	Option 1 should be enough for analysis

	HW/HiSi
	Option 1 for simplicity. But open for larger values due the argument raised by Nokia.

	LG
	We are fine with option 1 at least for study purpose.

	Intel
	Agree that for smart grid the error could be larger, thus Option 3

	vivo
	Option 1. The same TAE value can be used for smart grid scenario. 

	Qualcomm
	Option 3 by considering the error from baseband.  

	OPPO
	Option 1 is enough for study purpose.



It seems the indicating error would be associated to the indicating granularity of . According to what agreed in RAN2 in Rel-16, the granularity is 10 ns here, so the error is +/-5ns. But this has already been considered in network budget based on RAN2 email discussion.
[bookmark: _Ref519583545]Error related to DL propagation delay estimation
[bookmark: OLE_LINK5]UE decides the downlink propagation delay according to the TA value obtained from TA command sent by gNB. According to the current TA mechanism, the TA command delivery is realized by implementation. Since the TA command delivery belongs to the behavior which gNB has ability to control, it is assumed that gNB can deliver the TA command in time at least to the UEs which have requirement of high accuracy time synchronization. 
[bookmark: _Ref520196243]Asymmetry between downlink and uplink channel
UE estimates the downlink propagation delay as half of the TA value obtained from gNB, which introduces error due to the asymmetry between downlink and uplink propagation delay. In TDD system, the downlink and uplink channel fading can be seen strongly correlated with each other while the time gap between them is short enough. And the asymmetry between downlink and uplink propagation delay is mainly due to the change of small scale fading. In FDD system, the situation is a little worse since the downlink and uplink signal are transmitted at different carrier frequencies. In general, devices in factory or electric system have low mobility, so it can be assumed that the downlink and uplink channel with time gap of dozens of milliseconds have the same large scale fading. Then the asymmetry is mainly caused by the change of multi-path distribution. 
In last meeting, it was agreed to not consider asymmetry for control-to-control scenario as below, while it is still open for smart grid scenario. 
	RAN1#102-E Agreements:
Asymmetry between downlink and uplink channel for control-to-control scenario is not considered.  


Based on the views in the contributions for this meeting and the inputs in the tables below, the following options are proposed by companies: 
· Option 1: 160ns
· Support: Huawei/HiSilicon

· Option 2: 0ns, i.e. do not consider this error for smart-grid scenario
· Support: Nokia, CATT, ZTE, Ericsson, Samsung, LG, Intel, vivo
· Reasons
· Will not be easily possible to put this as a separate error source because this is also accounted for in the UE reception timing estimation error as well as the gNB UL reception timing estimation error, which is largely impacted by actual channel fading

So it needs to decide whether to consider this for smart grid scenario.
Question 2.2.1: Do we need to consider asymmetry between downlink and uplink channel for smart-grid scenario? If yes, what value should we assume?
	Company
	View

	Nokia, NSB
	No
Acknowledges that it can be present, but it will not be easily distinguishable from the detection errors.

	CATT
	We prefer to Option.2 because we think asymmetry should be same between smart grid scenario and control to control scenario. 

	ZTE
	We prefer not considering this error.

	Ericsson
	Option 2
We are fine to ignore the asymmetry for smart grid scenario, since the synchronization accuracy target can be achieved for smart grid scenario regardless of the asymmetry value.  

	Samsung
	Option 2

	HW/HiSi
	Option 1: 160ns.
The UE estimates the DL propagation delay as half the TA value obtained from the gNB. This introduces an error due the asymmetry between DL an UL propagation delay. Simulation results (R1-1908060) show that a typical value for the asymmetry is 160ns.
In our understanding the DL/UL asymmetry is not absorbed in the detection error but added to the TA error.
However, we are fine to accept Option 2, if this is the majority view.

	LG
	Option 2

	Intel
	Option 2

	vivo
	Option 2. 
Asymmetry can be counted in the error related to UE timing/downlink frame timing error as well as the BS detecting error. Thus, no explicit value is needed. 

	Qualcomm
	Option 2

	OPPO
	Option 2



TA adjustment accuracy 
TA adjustment accuracy is also one aspect to consider and the values defined in TS 38.133 was agreed for evaluation in last meeting.  
	 RAN1#102-E Agreements:
Timing advance adjustment accuracy defined in Table 7.3.2.2-1 in TS 38.133 is assumed for evaluation of the time synchronization. 
[image: ]



Nokia (R1-2008844) raised a question whether the initial transmission error (Te) and the timing advance adjustment error can be used simultaneously?
	Nokia R1-2008844
In [1] it was discussed whether TA adjustment error (sometimes denoted TA-err or TA-adj) and the UE initial timing error (Te) should both be considered. It is agreed to apply both Te and TA-err in the analysis, but it should be clarified if such case where both should be includes exists. Below is a copy of the text related to both Te and TA-err from 38.133. 
	[bookmark: _Toc535475937]7.1.2	Requirements
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.
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.
[image: ] (in Tc units) for other channels is the difference between UE transmission timing and the downlink timing immediately after when the last timing advance in clause 7.3 was applied. NTA for other channels is not changed until next timing advance is received. The value of[image: ]depends on the duplex mode of the cell in which the uplink transmission takes place and the frequency range (FR). [image: ]is defined in Table 7.1.2-2.
Table 7.1.2-1: Te Timing Error Limit
	Frequency Range
	SCS of SSB signals (KHz)
	SCS of uplink signals s(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]


…
7.3.2.2	Timing Advance adjustment accuracy
The UE shall adjust the timing of its transmissions with a relative accuracy better than or equal to the UE Timing Advance adjustment accuracy requirement in Table 7.3.2.2-1, to the signalled timing advance value compared to the timing of preceding uplink transmission. The timing advance command step is defined in TS 38.213 [3].
Table 7.3.2.2-1: UE Timing Advance adjustment accuracy
	UL Sub Carrier Spacing, SCS kHz
	15
	30
	60
	120

	UE Timing Advance adjustment accuracy
	±256 Tc
	±256 Tc
	±128 Tc
	±32 Tc






Our understanding of Te is that this applies only for the first transmission in a DRX cycle, i.e. the UE has been sleeping and has just returned to the active state. This means that the UE has not received a TA command in this DRX cycle yet to compensate for a potential change of PD during the sleeping state, since the last TA command update. The UE must maintain its uplink transmission timing, relative to the latest DL received timing reference (an SSB available within the last 160ms) within Te. TA adjustment accuracy (TA-err) applies when the UE has received a TA command, and hence the two timing error requirements; TA-err and Te should not be applied simultaneously in our analysis. 
Proposal 2: Timing advance adjustment accuracy error component and the initial timing error component Te is not to be considered in the same timing accuracy case study. 



Feature lead view:  More views are needed on this issue. 
Question 2.2.2: Do you think the initial transmission error (Te) and the timing advance adjustment error can be used simultaneously? Please provide your reasons also. 
· Yes: ZTE, Ericsson, 
· Te in TS38.133 represents not only the initial transmission error but also the transmission timing error between the UE and the reference timing
· No: Nokia/NSB, CATT, Samsung, Huawei/HiSilicon, LG, vivo
· Te only applied when there has been no TA-C
· Consider both case: Intel

	Company
	View

	Nokia, NSB
	No
As we see it, Te and TA adjustment error are conditioned upon each other, i.e. Te is conditioned on not having received a TA-C (due to no UL transmissions) in the beginning of the DRX cycle. And Te only applied when there has been no TA-C. 
If companies are keen on capturing both error components, we can consider to study two cases, one where Te applies, and another where TA adjustment error applies.

	CATT
	No, because the initial transmission error (Te) and the timing advance adjustment errors are used for different scenarios. The initial transmission error (Te) is for idle mode and the timing advance adjustment errors is for connection mode.

	ZTE
	Yes, we think they can be used simultaneously. 
Te in TS38.133 represents not only the initial transmission error but also the transmission timing error between the UE and the reference timing. The UE is not required to adjust the transmission timing until the transmission timing error exceeds Te. The reference timing shall be [image: ] before the downlink timing of the reference cell.
After the timing advance adjustment according to the indicated TA with taking the TA adjustment into account, the transmission error between the UE and the reference timing still could be Te. For example, the downlink detection timing of the reference cell changes due to UE movement. 

	Ericsson
	Yes. 
Te is for UE in connected mode. Te is applicable if the transmission is the first tx in DRX cycle or not. See 38.133 texts below.
[bookmark: _Toc5952592]“7.1	UE transmit timing
[bookmark: _Toc5952593]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. …
[bookmark: _Toc5952594]7.1.2	Requirements
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.
…
When it is not the first transmission in a DRX cycle or there is no DRX cycle, and when it is the transmission for PUCCH, PUSCH and SRS transmission, the UE shall be capable of changing the transmission timing according to the received downlink frame of the reference cell except when the timing advance in clause 7.3 is applied.
When the transmission timing error between the UE and the reference timing exceeds Te, 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.”

	Samsung
	Agree with Nokia’s comment

	HW/HiSi
	No. Agree with the reason from Nokia. 
And based on following spec in 38.133, our understanding is that it is not used simultaneously.
	· [bookmark: _Toc535475927]7.1	UE transmit timing
· [bookmark: _Toc535475928]7.1.1	Introduction

[bookmark: _Toc535475929]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.
· 7.1.2	Requirements
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.
[image: ] (in Tc units) for other channels is the difference between UE transmission timing and the downlink timing immediately after when the last timing advance in clause 7.3 was applied. NTA for other channels is not changed until next timing advance is received. The value of[image: ]depends on the duplex mode of the cell in which the uplink transmission takes place and the frequency range (FR). [image: ]is defined in Table 7.1.2-2.
Table 7.1.2-1: 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]



Table 7.1.2-2: The Value of [image: ]
	Frequency range and band of cell used for uplink transmission
	[image: ](Unit: TC)

	FR1 FDD or TDD band with neither E-UTRA–NR nor NB-IoT–NR coexistence case 
	25600 (Note 1)

	FR1 FDD band with E-UTRA–NR and/or NB-IoT–NR coexistence case 
	0 (Note 1)

	FR1 TDD band with E-UTRA–NR and/or NB-IoT–NR coexistence case
	39936 (Note 1)

	FR2
	13792

	Note 1:	The UE identifies [image: ] based on the information n-TimingAdvanceOffset as specified in TS 38.331 [2]. If UE is not provided with the information n-TimingAdvanceOffset, the default value of [image: ] is set as 25600 for FR1 band. In case of multiple UL carriers in the same TAG, UE expects that the same value of n-TimingAdvanceOffset is provided for all the UL carriers according to clause 4.2 in TS 38.213 [3] and the value 39936 of [image: ] can also be provided for a FDD serving cell.
Note 2:	Void



When it is not the first transmission in a DRX cycle or there is no DRX cycle, and when it is the transmission for PUCCH, PUSCH and SRS transmission, the UE shall be capable of changing the transmission timing according to the received downlink frame of the reference cell except when the timing advance in clause 7.3 is applied.
Table 7.1.2-3: void
· 7.1.2.1	Gradual timing 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. All adjustments made to the UE uplink timing shall follow these rules:
1)	The maximum amount of the magnitude of the timing change in one adjustment shall be Tq.
2)	The minimum aggregate adjustment rate shall be Tp per second.
3)	The maximum aggregate adjustment rate shall be Tq per 200 ms.
	Where the maximum autonomous time adjustment step Tq and the aggregate adjustment rate Tp are specified in Table 7.1.2.1-1.
Table 7.1.2.1-1: Tq Maximum Autonomous Time Adjustment Step and Tp Minimum Aggregate Adjustment rate
	Frequency Range
	SCS of uplink signals (kHz)
	Tq
	Tp 

	1
	15
	5.5*64*Tc
	5.5*64*Tc

	
	30
	5.5*64*Tc
	5.5*64*Tc

	
	60
	5.5*64*Tc
	5.5*64*Tc

	2
	60
	2.5*64*Tc
	2.5*64*Tc

	
	120
	2.5*64*Tc
	2.5*64*Tc

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



· 7.1.2.2	Void
Table 7.1.2.2-1: Void




	LG
	No, Te itself is considered in the case of initial transmission only. 

	Intel
	We can consider both cases

	vivo
	No. the initial transmission error and timing advance adjustment error corresponds to different scenario. We are fine to consider initial transmission only. 

	Qualcomm
	No. Both cannot happen simultaneously. 

	OPPO
	No. Initial transmission error (Te) and the timing advance adjustment error are used for different scenarios.



Downlink frame timing error
The downlink frame timing error also impacts the accuracy of the estimation for downlink propagation delay , it can represent the error associated with UE downlink frame timing detection. Based on views from tdocs submitted in this meeting and the discussion in RAN1#102-e, there are the following options.
· Option 1: 100ns i.e. same as gNB UL detection error
· Support: Nokia, Ericsson, Samsung, LG, vivo
· According to 38.133 spec text below, this error is not included in Te.
· Option 2: Downlink frame timing error is not needed to be considered separately
· Support: CATT, HiSilicon, Intel
· Option 3: < Te
· Support: ZTE
· Te defined by RAN4 includes the downlink frame detection error and UE transmitting timing error

Question 2.3.3: Do we need to consider downlink frame timing error? If yes, what value should we assume?
	Company
	View

	Nokia, NSB
	Option 1

	CATT
	We prefer to option.2 because Te already considers Downlink frame timing error.

	ZTE
	Neither option 1 nor option 2. We provide Option 3: Te or a value smaller than Te
The downlink frame timing error is defined in terms of the initial transmission error (Te) by RAN4. To be more specific, the Te defined by RAN4 includes the downlink frame detection error and UE transmitting timing error, where the UE transmitting error represent the time error between the UE actual transmission time of the signal and the time at which the UE want to to transmit the signal. In worst case, the downlink frame timing error could be Te. But we think the UE transmitting timing error cannot be 0ns in practice. Therefore, the downlink frame timing error should be less than Te. We are also fine with a value smaller than Te. For example, option 1 if majority of the companies are supportive of it. 
In addition, as Te has included the downlink frame timing error. The downlink frame timing error should not be considered for the estimated TA accuracy separately.

	Ericsson
	Option 1.
Here downlink frame timing error refers to UE reception error of the first detected path. According to 38.133 spec text below, this error is not included in Te. It is reasonable to assume that UE reception error of DL tx is similar to gNB reception error of UL tx.

See 38.133 texts below.
“7.1	UE transmit timing
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. ...
7.1.2	Requirements
When the transmission timing error between the UE and the reference timing exceeds Te, 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.”

	Samsung
	Option 1. 

	HW/HiSi
	Option 2 
In our understanding the downlink frame timing error is included in uplink transmit timing error because the reference point of timing adjustment is the downlink timing.

	LG
	We are fine with option 1 at least for study purpose.

	Intel
	Option 2.

	vivo
	Option 1. We think downlink frame timing error can be considered and we can support option 1.

	Qualcomm
	Option 1.

	OPPO
	Option 2. In our understanding, Te already includes downlink frame timing error.



Summary of potential proposals for 2nd round email discussion 
Summary of the status for BS transmit timing error   
· Option 1: 65 ns 
· Support: Vivo, CATT, ZTE, Huawei/HiSilicon, Samsung, LG, Intel (for control-to-control)
· Option 2: ±130ns for the indoor scenario and ±200ns for the smart grid scenario
· Support: Nokia (for smart grid)
· Option 3: 82.5 ns
· Support: Ericsson, Intel (for smart grid)
· Option 4: 32.5ns for control-to-control, somewhere between 100ns and 200ns for smart grid
· Support: Nokia, 
· Reasons
· Control to control: When the TAE requirement applies between antenna-ports connected to different radio equipment entities, TAE is the relative error between them by including the relative error introduced by the fronthaul network (to the last common reference). TAE of <65ns should apply for the control-to-control use case and as this can apply between two radio equipment entities connected to the same gNB-DU, this requirement is divided equally for each radio equipment entity, i.e. 65ns/2=32.5ns can be used to represent the SFN timestamp to radio equipment entity air interface timing.
· Smart grid: No TAE requirement is applicable to represent the BS frame transmit timing error, instead we have to rely on estimations of the BS frame transmit timing error. GNSS receiver is located at a gNB-DU, which introduces a relative error at the gNB-DU which is captured by RAN2. Leave room to support longer distanced between a gNB-DU and the deployed radio equipment entities, so we propose to assume a BS transmit frame timing error between ±100ns and ±200ns.

Feature lead recommendation: 
· Suggest to go with option 1 for control to control case. Firstly, option 1 is the majority view. Secondly, option 3 and option 4 may depend on some implementation manner, and hard to say which value we should take, e.g. which value to consider for baseband error as proposed in option 3 and whether we can always assume two radio equipment entities as proposed in option 4. 
· Suggest to narrow down to option 2 and option 3. Though the majority view is option 1, it seems no detailed reasons given in the inputs. However, it seems reasonable to have a larger value for smart grid considering typically it is wide area and it is possible to support longer distance between a gNB-DU and the deployed radio equipment entities as commented by Nokia.   

Proposal 2.1-1: Take 65 ns as the assumption of transmit timing error for evaluation of the overall time synchronization error for control-to-control. 

Proposal 2.1-2: For evaluation of the overall time synchronization error for smart grid, further study the following two options:
· Option 1:±130ns for the indoor scenario and ±200ns for the smart grid scenario
· Option 2:82.5 ns

Revised Proposal 2.1-2: For evaluation of the overall time synchronization error for smart grid, further study the following two options:
· Option 1:±200ns for the smart grid scenario
· Option 2:82.5 ns

Please comment on the above two proposals if any.
	Company
	View

	OPPO
	Support Proposal 2.1-1
For proposal 2.1-2, option 1 is preferred considering that smart grid scenario is wide area.

	CATT
	For proposal 2.1-1, from our perspective, 65 ns can be made as the assumption of transmit timing error for both control to control scenario and smart grid
For proposal 2.1-2, because it is better to use unified value (65ns) on the assumption of transmit timing error，proposal 2.1-2 isn’t necessary. 

	Nokia, NSB
	We are okay with Proposal 2.1-1, as the majority seems to support this option.
Regarding Proposal 2.1-2, we agree the FL that it would be maybe good to downselect to two values. On option 1, we would like to note that our input for ‘±130ns for the indoor scenario’ had been made for the indoor scenario of control-to-control (covered in Proposal 2.1-1) but is not related to the smart grid operation (the FL summary mixed our proposals on smart grid & contro-to-control there). Thus, we propose to change the formulation on Option 1 to be specific to smart grid, and use 200ns.
Proposal 2.1-2: For evaluation of the overall time synchronization error for smart grid, further study the following two options:
· Option 1:±130ns for the indoor scenario and ±200ns for the smart grid scenario
· Option 2:82.5 ns
It is likely that the distance from a gNB-DU to a RU is larger in the wide-area scenario, and hence the mismatch between the SFN timestamp (recorded at the gNB-DU) can be larger compared to the frame timing at the air interface. 

	HW/HiSi
	Agree with 2.1-1
For 2.1-2, we would also prefer 65ns as mentioned by CATT. 
But for the sake of progress are fine with the proposal if it is majority view.

	ZTE
	We support proposal 2.1-1. For proposal 2.1-2, we still prefer 65ns. 

	Ericsson
	We can accept Proposal 2.1-1 considering majority view.
For proposal 2.1-2: we do not support Nokia view about gNB-DU and RU. E/// view is, RAN1 only works on Uu interface from one gNB radio transmission unit to one UE, and network architecture is out-of-scope for RAN1. What network architecture to assume (i.e., consider CU/DU split or not), and the value of corresponding network error component, is up to RAN2 discussion.
For proposal 2.1-2: we can accept either 82.5ns or 65ns.   




Summary of the status for asymmetry between downlink and uplink channel
· Option 1: 160ns
· Support: Huawei/HiSilicon

· Option 2: 0ns, i.e. do not consider this error for smart-grid scenario
· Support: Nokia, CATT, ZTE, Ericsson, Samsung, LG, Intel, vivo
· Reasons
· Will not be easily possible to put this as a separate error source because this is also accounted for in the UE reception timing estimation error as well as the gNB UL reception timing estimation error, which is largely impacted by actual channel fading
Feature lead recommendation: Recommend to go with the majority views, though technically I do think the error introduced by asymmetry between downlink and uplink is different from detection error. However, as Ericsson commented that it might not be that critical since for smart grid the Uu interface budget might be big enough.
 
Proposal 2.2.1: Asymmetry between downlink and uplink channel for smart grid scenario is not considered. 

Please comment on the above two proposals if any.
	Company
	View

	OPPO
	Support proposal 2.2.1

	CATT
	We are fine with proposal 2.2.1

	Nokia, NSB
	Support Proposal 2.2.1

	HW/HiSi
	We are fine for sake of progress.

	ZTE
	Support proposal 2.2.1

	Ericsson
	Support Proposal 2.2.1



Summary of the status for TA adjustment accuracy
Question: Do you think the initial transmission error (Te) and the timing advance adjustment error can be used simultaneously? Please provide your reasons also. 
· Yes: ZTE, Ericsson, 
· Te in TS38.133 represents not only the initial transmission error but also the transmission timing error between the UE and the reference timing
· No: Nokia/NSB, CATT, Samsung, Huawei/HiSilicon, LG, vivo
· Te only applied when there has been no TA-C
· Consider both case: Intel

Feature lead recommendation: Recommend to conclude following the majority view. Based on the RAN4 specification, it is true Te can be used in connected mode also, however there is also one sentence highlight in yellow below, which seems means that Te and TA will not be used simultaneously. However, I would like to hear other views also. There is no need to evaluate both cases (i.e. either Te or TA used), we can just pick Te since it has larger error value. 
==
When it is not the first transmission in a DRX cycle or there is no DRX cycle, and when it is the transmission for PUCCH, PUSCH and SRS transmission, the UE shall be capable of changing the transmission timing according to the received downlink frame of the reference cell except when the timing advance in clause 7.3 is applied
==

Proposal 2.2.2: TA adjustment accuracy is not considered for the evaluation of time synchronization error. 
	Company
	View

	OPPO
	Support proposal 2.2.2

	CATT
	We are fine with FL proposal.

	Nokia, NSB
	Support. Fully agree with the FL 

	HW/HiSi
	We support.

	ZTE
	We can accept the FL proposal. But it means that the TA for propagation delay compensation should be estimated only based on PRACH according to the discussion. 

	Ericsson
	Do not support. Do not agree to assume PRACH only for time synchronization.
There is no spec/agreement anywhere that 5GS time delivery requires PRACH transmission. For other UL channels, TA is applied and TA adjustment accuracy in 38.133 section 7.3 should be applied. See TS38.133 text below. 
TS 38.133 section 7.1.2:
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.
[image: ] (in Tc units) for other channels is the difference between UE transmission timing and the downlink timing immediately after when the last timing advance in clause 7.3 was applied.

The text cited by FL is about “changing the transmission timing according to the received downlink frame of the reference cell”.




Summary of the status for downlink frame timing error
Question: Do we need to consider downlink frame timing error? If yes, what value should we assume?
· Option 1: 100ns i.e. same as gNB UL detection error
· Support: Nokia, Ericsson, Samsung, LG, vivo
· According to 38.133 spec text below, this error is not included in Te.
· Option 2: Downlink frame timing error is not needed to be considered separately
· Support: CATT, Huawei/HiSilicon, Intel
· Option 3: < Te
· Support: ZTE
· Te defined by RAN4 includes the downlink frame detection error and UE transmitting timing error

Feature lead recommendation: Recommend to go with option 1. Firstly, the controversial part is how to interpret the RAN4 specification, the proponents of option 2 feel it is included in Te but proponents of option 1 feels it is not included in Te. However, even it is included in the Te, for the equation to calculate the overall error Te is used only for error for propagation delay, while we may need to consider downlink frame timing error for the reception of the reference timing information also. 

Proposal 2.2.3: Take 100 ns as the assumption for downlink frame timing error for evaluation of the overall time synchronization error. 
Revised Proposal 2.2.3: Take 100 ns as the assumption for downlink frame timing detection error at the UE for evaluation of the overall time synchronization error. 
	Company
	View

	OPPO
	Support proposal 2.2.3

	CATT
	We still have concern on proposal 2.2.3. In our understanding, downlink frame timing error is already included in Te.

	Nokia, NSB
	Support in principle. 
The proposal seems to imply that 100ns is reflecting the DL detection error (at UE side) and not the DL frame timing error (i.e. error on the gNB side, i.e. a TX error) 
We are fine with the proposed value of 100ns, would like to clarify in the proposal that this is an error UE side of the detection of the downlink frame timing. We could be fine with the following updated proposal: 
Proposal 2.2.3: Take 100 ns as the assumption for downlink frame timing detection error at the UE for evaluation of the overall time synchronization error. 


@ Chengyan: It seems the question in the FL summary has been a copy/ paste mistake above, it should be related to downlink frame timing error detection and not related to Te/ TA adjustment error. 

	HW/HiSi
	Maybe in this stage, we could exclude option 3 firstly and then later make a further down-selection between Option 1 and Option 2.

	ZTE
	We can accept 100ns as commented above.

	Ericsson
	Support Revised Proposal 2.2.3.



Summary of potential proposals for 3rd round email discussion 

[bookmark: OLE_LINK50][bookmark: OLE_LINK51]Summary of the status for TA adjustment accuracy
Question: Do you think the initial transmission error (Te) and the timing advance adjustment error can be used simultaneously? Please provide your reasons also. 
· Yes: ZTE, Ericsson, 
· Te in TS38.133 represents not only the initial transmission error but also the transmission timing error between the UE and the reference timing
· No: Nokia/NSB, CATT, Samsung, Huawei/HiSilicon, LG, vivo
· Te only applied when there has been no TA-C
· Consider both case: Intel

Feature lead recommendation (Updated): Companies are encouraged to further check the comment from Ericsson, and provide your views on whether the RAN4 specification cited by Ericsson below can show that Te and TA should be used simultaneously or not.  

Proposal 2.2.2: TA adjustment accuracy is not considered for the evaluation of time synchronization error. 
	Company
	View

	Ericsson
	Do not support. Do not agree to assume PRACH only for time synchronization.
There is no spec/agreement anywhere that 5GS time delivery requires PRACH transmission. For other UL channels, TA is applied and TA adjustment accuracy in 38.133 section 7.3 should be applied. See TS38.133 text below. 
TS 38.133 section 7.1.2:
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.
[image: ] (in Tc units) for other channels is the difference between UE transmission timing and the downlink timing immediately after when the last timing advance in clause 7.3 was applied.

The text cited by FL is about “changing the transmission timing according to the received downlink frame of the reference cell”.

	Feature lead
	Companies are encouraged to further check the comment from Ericsson, and provide your views on whether the RAN4 specification cited by Ericsson below can show that Te and TA should be used simultaneously or not

	CATT
	In our understanding, it is enough that we select the initial transmission error (Te) or the timing advance adjustment error for the evaluation of time synchronization error  because Te exists in initial access procedure and TA exists in the connection mode and Te and TA address different scenarios.

	Ericsson
	We still believe the answer is ‘Yes’.
Regarding CATT comment: We disagree Te is for initial access. We cannot accept Te and TA are for different scenarios. “first transmission in a DRX cycle” is not initial access. NTA=0 is applicable only for PRACH. For PUCCH/PUSCH/SRS, NTA is not zero, and TA is applied. As pointed out earlier, below text clearly indicate that Te is also used in connected state, and Te and TA exist simultaneously for all uplink channels other than PRACH.  

See 38.133 texts below.
“7.1	UE transmit timing
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. ...
7.1.2	Requirements
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.
[image: ] (in Tc units) for other channels is the difference between UE transmission timing and the downlink timing immediately after when the last timing advance in clause 7.3 was applied.
…
When the transmission timing error between the UE and the reference timing exceeds Te, 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.”

	Nokia, NSB
	Should not be used simultaneously, we share the same understanding as CATT here. 

We agree that Te and TA adjustment error should not be used in the same time synchronization accuracy evaluation case.  As per our understanding, the Te requirement applies for the initial UL transmission (PUCCH, PUSCH or SRS in a DRX cycle), and is conditioned that the UE has acquired an SSB within the last 160ms. As also stated in 38.133: 

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.
TA adjustment error applies when the UE has received a TA command and needs to adjust. Te implies that the UE has not received a TA command since it woke-up, so the two are not to be used simultaneously. As also stated in 38.133:

The UE shall adjust the timing of its transmissions with a relative accuracy better than or equal to the UE Timing Advance adjustment accuracy requirement in Table 7.3.2.2-1, to the signalled timing advance value compared to the timing of preceding uplink transmission.

So the two should not be used simultaneously, and Te does not mean that we only consider the time synchronization accuracy using initial PRACH transmission. 

	

	Feature lead #2
	Based on the current inputs, my understanding is as below:
1. Te is also used in connected state based on the RAN4 specification as cited by Ericsson above.
2. Te and TA can be applied simultaneously also as the RAN4 specification cited above during the uplink signal transmission. However, it seems we don’t need to consider both the TA adjustment accuracy and Te when calculating the overall time synchronization error based on the definition in RAN4 38.133 as below, because anyway UE will always try to adjust its timing to within Te.
======
 When the transmission timing error between the UE and the reference timing exceeds Te, 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
====

@ Ericsson 
Please check the above point 2 and see if you agree with it or not.  

	
	

	
	



Summary of the status for BS transmit timing error   
· Option 1: 65 ns 
· Support: Vivo, CATT, ZTE, Huawei/HiSilicon, Samsung, LG, Intel (for control-to-control)
· Option 2: ±130ns for the indoor scenario and ±200ns for the smart grid scenario
· [bookmark: OLE_LINK30][bookmark: OLE_LINK31]Support: Nokia (for smart grid)
· Option 3: 82.5 ns
· Support: Ericsson, Intel (for smart grid)
· Option 4: 32.5ns for control-to-control, somewhere between 100ns and 200ns for smart grid
· Support: Nokia, 
· Reasons
· Control to control: When the TAE requirement applies between antenna-ports connected to different radio equipment entities, TAE is the relative error between them by including the relative error introduced by the fronthaul network (to the last common reference). TAE of <65ns should apply for the control-to-control use case and as this can apply between two radio equipment entities connected to the same gNB-DU, this requirement is divided equally for each radio equipment entity, i.e. 65ns/2=32.5ns can be used to represent the SFN timestamp to radio equipment entity air interface timing.
· Smart grid: No TAE requirement is applicable to represent the BS frame transmit timing error, instead we have to rely on estimations of the BS frame transmit timing error. GNSS receiver is located at a gNB-DU, which introduces a relative error at the gNB-DU which is captured by RAN2. Leave room to support longer distanced between a gNB-DU and the deployed radio equipment entities, so we propose to assume a BS transmit frame timing error between ±100ns and ±200ns.

Feature lead recommendation: 
· [bookmark: OLE_LINK32]Suggest to narrow down to option 2 and option 3 for smart grid. Though the majority view is option 1, it seems no detailed reasons given in the inputs. However, it seems reasonable to have a larger value for smart grid considering typically it is wide area and it is possible to support longer distance between a gNB-DU and the deployed radio equipment entities as commented by Nokia.   
Feature lead recommendation (updated): 
· Based on the views from the 2nd round email discussion, it seems companies can acceptable to down-select between option 1 and option 2. In addition, companies are encouraged to provide views on whether we need to consider distance between a gNB-DU and the deployed radio equipment entities or not, i.e. whether it belongs to network latency which will be discussed in RAN2.     

Revised Proposal 2.1-2: For evaluation of the overall time synchronization error for smart grid, further study the following two options:
· Option 1:±200ns for the smart grid scenario
· Option 2:65 ns

Please comment on the above two proposals if any.
	Company
	View

	OPPO
	For proposal 2.1-2, option 1 is preferred considering that smart grid scenario is wide area.

	CATT
	For proposal 2.1-2, because it is better to use unified value (65ns) on the assumption of transmit timing error，proposal 2.1-2 isn’t necessary. 

	Nokia, NSB
	Regarding Proposal 2.1-2, we agree the FL that it would be maybe good to downselect to two values. On option 1, we would like to note that our input for ‘±130ns for the indoor scenario’ had been made for the indoor scenario of control-to-control (covered in Proposal 2.1-1) but is not related to the smart grid operation (the FL summary mixed our proposals on smart grid & contro-to-control there). Thus, we propose to change the formulation on Option 1 to be specific to smart grid, and use 200ns.
Proposal 2.1-2: For evaluation of the overall time synchronization error for smart grid, further study the following two options:
· Option 1:±130ns for the indoor scenario and ±200ns for the smart grid scenario
· Option 2:82.5 ns
It is likely that the distance from a gNB-DU to a RU is larger in the wide-area scenario, and hence the mismatch between the SFN timestamp (recorded at the gNB-DU) can be larger compared to the frame timing at the air interface. 

	HW/HiSi
	For 2.1-2, we would also prefer 65ns as mentioned by CATT. 
But for the sake of progress are fine with the proposal if it is majority view.

	ZTE
	For proposal 2.1-2, we still prefer 65ns. 

	Ericsson
	For proposal 2.1-2: we do not support Nokia view about gNB-DU and RU. E/// view is, RAN1 only works on Uu interface from one gNB radio transmission unit to one UE, and network architecture is out-of-scope for RAN1. What network architecture to assume (i.e., consider CU/DU split or not), and the value of corresponding network error component, is up to RAN2 discussion.
For proposal 2.1-2: we can accept either 82.5ns or 65ns.   

	CATT
	 For Revised Proposal 2.1-2, we prefer option 2  65ns.

	Ericsson2
	[bookmark: OLE_LINK52][bookmark: OLE_LINK53]Upon further checking, ±200ns for the smart grid scenario is to reflect the distance between a gNB-DU and the deployed radio equipment (TRP), not CU-DU interface. In this case, we agree that this is not part of network interface error.  
We still prefer 65ns to avoid dictating a particular deployment. On the other hand, if majority companies support 200ns, we can accept also. 


	Nokia, NSB2
	Nice to see that Ericsson agrees with our assessment that the gNB-DU and TRP is included in this error component. 
We do agree that we do not need to optimize or consider all possible deployments (and take worst case assumptions here). But on this one if we go for a very small error (such as 65ns), this will basically result in not supporting M-TRP with centralized gNB-DU for accurate t-sync at all. Not sure how companies stand on that one. 



Summary of the status for downlink frame timing error
Question: Do we need to consider downlink frame timing error? If yes, what value should we assume?
· Option 1: 100ns i.e. same as gNB UL detection error
· Support: Nokia, Ericsson, Samsung, LG, vivo
· According to 38.133 spec text below, this error is not included in Te.
· Option 2: Downlink frame timing error is not needed to be considered separately
· Support: CATT, Huawei/HiSilicon, Intel
· Option 3: < Te
· Support: ZTE
· Te defined by RAN4 includes the downlink frame detection error and UE transmitting timing error

Feature lead recommendation: Recommend to go with option 1. Firstly, the controversial part is how to interpret the RAN4 specification, the proponents of option 2 feel it is included in Te but proponents of option 1 feels it is not included in Te. However, even it is included in the Te, for the equation to calculate the overall error Te is used only for error for propagation delay, while we may need to consider downlink frame timing error for the reception of the reference timing information also. 

Revised Proposal 2.2.3: Take 100 ns as the assumption for downlink frame timing detection error at the UE for evaluation of the overall time synchronization error. 
	Company
	View

	OPPO
	Support proposal 2.2.3

	CATT
	We still have concern on proposal 2.2.3. In our understanding, downlink frame timing error is already included in Te.

	Nokia, NSB
	Support in principle. 
The proposal seems to imply that 100ns is reflecting the DL detection error (at UE side) and not the DL frame timing error (i.e. error on the gNB side, i.e. a TX error) 
We are fine with the proposed value of 100ns, would like to clarify in the proposal that this is an error UE side of the detection of the downlink frame timing. We could be fine with the following updated proposal: 
Proposal 2.2.3: Take 100 ns as the assumption for downlink frame timing detection error at the UE for evaluation of the overall time synchronization error.  

	HW/HiSi
	Maybe in this stage, we could exclude option 3 firstly and then later make a further down-selection between Option 1 and Option 2.

	ZTE
	We can accept 100ns as commented above.

	Ericsson
	Support Revised Proposal 2.2.3.

	CATT
	Based on below description in 7.1.2 of TS38.133, we think DL reference timing will affect UE initial transmission timing error and the timing advance adjustment error.
So we still think downlink frame timing detection error at the UE needn’t be considered independently which should include Te or TA adjustment error.
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.
[image: ] (in Tc units) for other channels is the difference between UE transmission timing and the downlink timing immediately after when the last timing advance in clause 7.3 was applied. NTA for other channels is not changed until next timing advance is received.

	Ericsson
	Support Revised Proposal 2.2.3.
Disagree with CATT understanding.  should be included to capture the timing error at the UE side to receive the indicated reference timing information.
38.133 section 7.1.2.1 text: “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.” This means if the UE has no error in receiving DL reference timing (i.e., ), transmit time error Te is allowed. In reality, UE does have error in receiving DL reference timing, and this error  is addition to Te.




Summary of potential proposals for 3rd round email discussion-phase 2 

Summary of the status for TA adjustment accuracy

Question: Do you think the initial transmission error (Te) and the timing advance adjustment error can be used simultaneously for evaluating the overall time synchronization error? Please provide your reasons also. 
· Yes: Ericsson
· Te in TS38.133 represents not only the initial transmission error but also the transmission timing error between the UE and the reference timing
· No: Nokia/NSB, CATT, Samsung, Huawei/HiSilicon, LG, vivo, ZTE (fine)
· Te only applied when there has been no TA-C
· Consider both case: Intel

Feature lead recommendation: Recommend to conclude the majority view. Based on the RAN4 specification, it is true that Te can be used in connected mode also, and Te and TA can be applied simultaneously also (Details can be seen in the RAN4 specification cited by Ericsson above). However, it seems we don’t need to consider both the TA adjustment accuracy and Te when calculating the overall time synchronization error based on the definition in RAN4 38.133 as below, because anyway UE will always try to adjust its timing to within Te.
=====
 When the transmission timing error between the UE and the reference timing exceeds Te, 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
====

Proposal 2.2.2: TA adjustment accuracy is not considered for the evaluation of time synchronization error. 
	Company
	View

	Feature lead
	Based on the current inputs, my understanding is as below:
1. Te is also used in connected state based on the RAN4 specification.
2. Te and TA can be applied simultaneously also as the RAN4 specification cited above during the uplink signal transmission. However, it seems we don’t need to consider both the TA adjustment accuracy and Te when calculating the overall time synchronization error based on the definition in RAN4 38.133 as below, because anyway UE will always try to adjust its timing to within Te.
======
 When the transmission timing error between the UE and the reference timing exceeds Te, 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
====

@ Ericsson 
Please check the above point 2 and see if you agree with it or not.  

	Samsung
	In our understanding, TA adjustment error is the requirement for a UE from receiving a TA command and adjust the TA. For TA adjustment, it requires some time at UE sides and UE may not able to adjust to the indicated TA within the given time window. Therefore, we think TA adjustment error shall not be counted together with Te. 
We can further discuss two cases: one is based on DL timing and UE transmit a UL without TA-C (where Te should apply), the other is UL transmission is based on TA-C (where TA adjustment error and TA indication error should be calculated). 

Feature lead>> To save some workload, I think it is ok for us to only consider the case of using Te only, since anyway the error brought by TA adjustment accuracy is smaller than that brought by Te.  

	Ericsson
	For the sake of progress, we can concede to majority view of “No”.

	Qualcomm
	Not support. TA adjustment error should be considered if TA adjustment is applied.  

Feature lead>> As I explained above, it seems we don’t need to consider both the TA adjustment accuracy and Te when calculating the overall time synchronization error based on the definition in RAN4 38.133 as below, because anyway UE will always try to adjust its timing to within Te.

	Nokia, NSB
	Support the proposal.




Summary of the status for BS transmit timing error   
· Option 1: 65 ns 
· Support: Vivo, CATT, ZTE, Huawei/HiSilicon, Samsung, LG, Ericsson, Qualcomm 
· Option 2: ±200ns for the smart grid scenario
· Support: Nokia, Ericsson (accept), Huawei/HiSilicon (accept)

· Reasons
· Smart grid: No TAE requirement is applicable to represent the BS frame transmit timing error, instead we have to rely on estimations of the BS frame transmit timing error. GNSS receiver is located at a gNB-DU, which introduces a relative error at the gNB-DU which is captured by RAN2. Leave room to support longer distanced between a gNB-DU and the deployed radio equipment entities, so we propose to assume a BS transmit frame timing error between ±100ns and ±200ns.

Feature lead recommendation: The critical question is whether we need to consider distance between a gNB-DU and the deployed radio equipment entities or not, i.e. whether it belongs to network latency which will be discussed in RAN2. In my understanding, what is discussed in RAN2 is for the error introduced due to gNB-CU and gNB-DU split, here we are talking about whether to reflect the distance between a gNB-DU and the deployed radio equipment entities or not. It seems reasonable to have a larger value for smart grid considering typically it is wide area and it is possible to support longer distance between a gNB-DU and the deployed radio equipment entities in my views.  

Revised Proposal 2.1-2: For evaluation of the overall time synchronization error for smart grid, further study the following two options:
· Option 1:±200ns for the smart grid scenario
· Option 2:65 ns

Note: The proposal was further revised based on comments from Nokia and Ericsson as shown below. For companies who didn’t provide feedback yet, you can just check this further revised proposal.  
Revised Proposal 2.1-2: For evaluation of the overall time synchronization error for smart grid, companies can take one of the following two options as the assumption for BS transmit timing error:
· Option 1: 200 ns
· Option 2: 65 ns

	Company
	View

	Feature lead
	The proposal itself is agreeable to all. 
To see if we have any chance to move forward, I would like to check if there is any strong concern on either option 1 or option 2.

@all
If you have strong concern on any of option 1 or option 2, please indicate here. If there is no strong concern on any of the option, I would like to recommend to go with option 1, reasons can be seen as above.  


	Nokia, NSB
	We are fine with the intention of the proposal, but think three things should be clarified / change (only editorial): 
- from the revised proposal it is not clear, that we are talking here about the BS transmit timing error  should be clarified as otherwise, the potential agreement may be read out of context
- the main sentence talks already about smart grid scenario (and we got an independent agreement for control-to-control already, marked in grey) – so no need to have ‘for the smart grid scenario’ for Option 2
- maybe we could align here to either have the ± for both options (i.e. add for Option 2) or remove it for Option 1. Below I added it for option 2 (as strike-through cannot be seen), but we are equally OK to remove both yellow parts. 

Meaning (changes in green): 
Revised Proposal 2.1-2: For evaluation of the overall time synchronization error for smart grid, further study the following two options for the BS transmit timing error:
· Option 1:±200ns for the smart grid scenario
· Option 2: ±65 ns

Feature lead>> I see your point, will update accordingly. To align with what we agreed for control-to-control better, I decided to remove ± from option 1.  

	CATT
	 We are fine with Option 2 with Nokia’s modification

	Ericsson
	In our view, Smart Grid use case is not the bottleneck scenario for enhancement. Neither Option 1 nor Option 2 will change this understanding. Hence RAN1 can move on without picking a value between Option 1 and Option 2.
Feature lead>> I agree it doesn’t matter that much, though it seems better for us to make it correct. But since still different views on the potential values, as you suggested we can make it flexible for now, if needed we can further decide later. 

	Qualcomm
	We prefer option 2

	Nokia, NSB 2
	Support the “Revised Proposal 2.1-2”. 
Still to re-iterate our input on the need for Option 1 from the 3rd round:
We do agree that we do not need to optimize or consider all possible deployments (and take worst case assumptions here). But on this one if we go for a very small error (such as 65ns), this will basically result in not supporting M-TRP with centralized gNB-DU for accurate t-sync at all. Not sure how companies stand on that one.




Summary of the status for downlink frame timing error
Question: Do we need to consider downlink frame timing error? If yes, what value should we assume?
· Option 1: 100ns i.e. same as gNB UL detection error
· Support: Nokia, Ericsson, Samsung, LG, vivo, ZTE (accept), OPPO, 
· According to 38.133 spec text below, this error is not included in Te.
· Option 2: Downlink frame timing error is not needed to be considered separately
· Support: CATT, Huawei/HiSilicon, Intel

Feature lead recommendation: The controversial part is how to interpret the RAN4 specification, the proponents of option 2 feel it is included in Te but proponents of option 1 feels it is not included in Te. I think when companies made the comments, they also have their potential proposed enhancements as shown in section 4 in mind. After thinking more, I feel it might not be need for TA-based solution, however it may need to be considered for RTT based solution. Therefore, I revised the proposal as below:

Note: The proposal was further revised based on comments below.  I can understand different companies still have different views, but this seems the best we can do right now. 
Revised Proposal 2.2.3: Take 100 ns as the assumption for downlink frame timing detection error at the UE for evaluation of the overall time synchronization error, if needed for a certain propagation delay compensation method. 

Revised Proposal 2.2.3: Take 100 ns as the assumption for downlink frame timing detection error at the UE for evaluation of the overall time synchronization error, if needed for a certain propagation delay compensation method. 
· FFS: for which propagation delay compensation method(s) this is needed
	Company
	View

	Nokia, NSB
	Thanks for the proposal. Having such ‘if’ statement could be fine, but we feel that then still it is not clear when to include this error (for which propagation delay method) and for which it is not needed. And it seems this is still a bit open. 
It would be good in an agreement to at least clarify that this needs further consideration, by including e.g. a related FFS. 
i.e. the following change in green is proposed

Revised Proposal 2.2.3: Take 100 ns as the assumption for downlink frame timing detection error at the UE for evaluation of the overall time synchronization error, if needed for a certain propagation delay compensation method. 
· FFS: for which propagation delay compensation method(s) this is needed

Feature lead>> Agree

	Samsung
	OK with the proposal from FL, and Nokia’s revision.

	CATT
	For below description in 7.1.2.1 of TS 38.133, in my understanding, the transmission timing error shouldn’t exceed the timing error limit value Te and if the transmission timing error exceeds the limit and need be adjusted to within Te. But this doesn’t mean this error  isn’t included in Te and I amn’t sure whether the excess of Te is caused by  or not because Te is only the timing error limit.
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
So we still have concern on revised proposal 2.2.3 and we aren’t sure whether this value need be included in evaluation of the overall time synchronization error.

Feature lead>> If you look at the proposals on RTT based method, at least in some companies mind we need this component for evaluation of the overall time synchronization, therefore it is difficult to conclude right now. However, in this meeting, my thinking is not to go to the details of the enhancements, since we are still waiting for the feedback from RAN2 on the Uu interface budget. I think this is what we can do right now.  

	Ericsson
	We cannot accept the revised proposal above.
We do not agree with FL opinion that DL timing detection error is not needed for TA-based method, but needed for RTT based method. In fact, it is very strange to mention two methods, since all the errors in section 2 are error components for TA-based method. There is no error component analysis for RTT-based method at all, e.g., no subsection is provided for UE RxTxTimeDiff or gNB RxTxTimeDiff.
To me Section 2 is about error components for the existing TA method, without any enhancements. 
Moreover, if RAN1 start to consider error components for RTT method, then the value for gNB UL detection error and UE DL detection error should be checked again, and cannot take 100ns as in TA method. This is because RTT method has additional assumption about DL RS and UL RS, which gives better accuracy for both gNB and UE.
Regarding CATT comment: in our view the DL frame timing error at the UE is the error of “reference timing”. Thus Te is in addition to it.
We can accept the proposal only without the “if…” like below:
Revised Proposal 2.2.3: Take 100 ns as the assumption for downlink frame timing detection error at the UE for propagation delay estimation. evaluation of the overall time synchronization error

Feature lead>> You are right, the discussion in this section 2 is mainly for evaluating whether Rel-16 can meet the budget or not, thus focusing on TA based method more. However, I was assuming if possible we can reuse the conclusion here for RTT method also if applicable. In this meeting, my thinking is not to go to the details of the enhancements in section 4, since we are still waiting for the feedback from RAN2 on the Uu interface budget.

	Nokia, NSB 2
	Support the revised proposal from v30.
We agree with CATT. In our understanding Te is an the maximum error relative to the detected DL frame timing. So from the overall error, relative to the gNB air interface frame timing, both needs to be included. In our understanding downlink frame timing detection error at the UE is needed for both TA and Rx-Tx based PD estimation procedures.
We agree with the FL that the assumptions on DL and UL frame detection errors can be reused for RTT, though not considered here. There is no need to assume that different reference signals are available for the two procedures. If a reference signal can be used for Rx-Tx, it can also be used for TO or DL frame timing detection. 

	Ericsson2
	[bookmark: OLE_LINK18][bookmark: OLE_LINK19]We agree with this Nokia view: “Te is an the maximum error relative to the detected DL frame timing. So from the overall error, relative to the gNB air interface frame timing, both needs to be included.”
Regarding estimation method: again our view is discussion in this meeting is for existing TA-based method without any enhancement. It’s true that if RAN1 decides to allow TA-based method to use the same RS as RTT-based method, then the value for detection error is the same for both methods. However, this would be part of enhancement discussion.
Revised Proposal 2.2.3: For existing TA-based propagation delay compensation, take 100 ns as the assumption for downlink frame timing detection error at the UE for calculating the timing estimation error.



Summary of potential proposals for 4th round email discussion

Summary of the status for downlink frame timing error
Question: Do we need to consider downlink frame timing error? If yes, what value should we assume?
· Option 1: 100ns i.e. same as gNB UL detection error
· Support: Nokia, Ericsson, Samsung, LG, vivo, ZTE (accept), OPPO, 
· According to 38.133 spec text below, this error is not included in Te.
· Option 2: Downlink frame timing error is not needed to be considered separately
· Support: CATT, Huawei/HiSilicon, Intel

[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Feature lead recommendation: The controversial part is how to interpret the RAN4 specification, the proponents of option 2 feel it is included in Te but proponents of option 1 feels it is not included in Te. I think when companies made the comments, they also have their potential proposed enhancements as shown in section 4 in mind. After further discussing, it seems different companies have different views on the propagation delay compensation method(s) that would need to consider this component, and Ericsson think that a different value (i.e. not 100 ns) would be needed for RTT-based method. Therefore, I would encourage companies to check if the following revised proposals based on comments from CATT, LG and Ericsson can be acceptable for you. 

[bookmark: OLE_LINK8][bookmark: OLE_LINK9]Revised Proposal 2.2.3: If needed, take 100 ns as the assumption for downlink frame timing detection error at the UE for evaluation of the overall time synchronization error for a certain propagation delay compensation method. 
· FFS: for which propagation delay compensation method(s) this is needed
· FFS: Whether/what different value is needed for RTT-based method  
	Company
	View

	CATT
	We are fine with FL proposal on Revised Proposal 2.2.3

	Ericsson
	Do not support the proposal above.
· Since the second FFS is for RTT-based method, the “a certain… method” can only refer to the TA-based method, since only two methods are under investigation. Is there a third method under investigation? If not, why not directly says “TA-based method”? 
· Regarding 100ns: this is for existing TA-based method without any enhancement in our view. In our view, if better DL RS (or UL RS) are used in propagation delay estimation (both TA-based method and RTT-based method), the DL (or UL) frame timing detection error is likely smaller than 100ns. Thus the 100ns value is not valid even for TA-based method with enhancements.
To clarify, we don’t ask to capture additional value for RTT-based method. We still believe proposal 2.2.3 (and all error component discussion in section 2) are in the context of existing TA-based propagation delay compensation. 
Revised Proposal 2.2.3: For existing TA-based propagation delay compensation, take 100 ns as the assumption for downlink frame timing detection error at the UE for calculating the timing estimation error.

	LG
	We are fine with the proposal. 
Given the discussion in this meeting, it is fact that we haven’t determined anything on the design of RTT-based mechanism yet. It could be better to open for everything for now. 



Evaluation on the achievable time synchronization accuracy over Uu interface in Rel-16 
In order to evaluate whether any enhancements needed in Rel-17 to meet the requirement, we need the check the performance that can be achieved by Rel-16 mechanisms first. 
Based on the agreements achieved in RAN1#102-e and the views in the contributions, the potential error components that will have impact on the time synchronization accuracy over Uu interface are as below: 
· BS transmit timing error (: Details as shown in section 2.1
· Value to be decided 

· Downlink frame timing error (): Details as shown in section 2.3.5
· Value to be decided 

· UE Initial transmit timing error (Te) : Details as shown in section 3.2.2 in R1-2007068 
· The value defined in Table 7.1.2-1 for initial transmit timing error (Te) in TS 38.133

[image: ]

· BS detecting error () : Details as shown in section 3.2.3.2 in R1-2007068 
· 100 ns 

· Asymmetry between downlink and uplink channel (): Details as shown in section 2.21 
· 0 ns (i.e. not considered)

· TA indicating error (): Details as shown in section 3.2.3.3 in R1-2007068 
· 8*64*Tc/2  

· TA adjustment accuracy (): Details as shown in section 2.2.2 
· The value defined in Table 7.3.2.2-1 in TS 38.133
[image: ]

[bookmark: OLE_LINK14][bookmark: OLE_LINK13]Equation to calculate the overall time synchronization error over Uu interface 
Once the factors that will have impact on the error of the time synchronization are set, we need some method to calculate the overall error of the time synchronization based on Rel-16 mechanism to see whether enhancement is needed or not, if needed then how to improve the accuracy of time synchronization. Note that the overall time synchronization error for the enhanced schemes (i.e. propagation delay compensation and RTT-based propagation delay compensation) can be further evaluated in section 4. 
Based on the contributions, the following options are proposed:
Option 1: 

· Support: OPPO, CATT
Option 2:

· Support: Ericsson
Option 3:

· Support: Intel
Option 4:

· Support: Qualcomm
Option 5:

· Support: Vivo
Option 6:
 
· Support: Nokia
Option 7:

· Support: ZTE
Option 8:

· Support: Samsung

Feature lead: The views are quite diverging. The difference among the options are summarized as below:
· Whether to consider  ?
· Whether to consider  ?
· Whether to consider ?
· How to include  if it will be considered for the overall time synchronization error, i.e. whether it is   or ?
· Whether  or should be used?
The first 3 questions will depend on the discussion in section 2.2.1, 2.2.2 and 2.2.3. Therefore, here we can focus on the remaining questions.  

Question 3.1-1: Which one do you think we need to include in the equation for calculating the overall time synchronization error, i.e.  or ? Please give your reasons also.
	Company
	View

	Feature lead
	The following aspects would be related in order to determine which one to use:
· Whether   is part of propagation delay error or not? If it is part of propagation delay error, then it seems reasonable to use   in the equation considering we use TA/2 to get the propagation delay.  
·  Whether to use  to capture the timing error between the SFN timestamp in referenceTimeInfo which is captured at the gNB-DU [38.470 section 5.2.2] and the frame timing at the air interface? In this case, it seems reasonable to use  in the equation. 

	Nokia, NSB
	The FL expression of  is used by us for the SFN-to-AI component or the mismatch between the SFN timestamp, and the frame timing at the air interface. This is also referred to as BS TX error, despite not being an error with the air interface, but rather a clock mismatch. 
With the understanding that  is a mismatch of the SFN timestamp to the air interface frame timing, it is an error that cannot be compensated for in the TA-loop.

	CATT
	 is already be included in Te

	ZTE
	  please see the comments to question 3.1-3

	Ericsson
	Similar view as Nokia/NSB. Need to include  since it represents an error internal to the gNB which occurs independent of propagation delay compensation. 
One way to check is: assuming that the propagation delay is perfectly compensated without any error, then UE clock sync error =

	Samsung
	From gNB point of view,  is between the actual DL time vs time stamp (gNB’s assumption). 
From UE perspective of view, UE just received a DL time from gNB, with . When UE transmits UL signaling, UE will refer to the DL time with . Therefore, we think  is within estimation of propagation delay, so  is correct. 

	HW/HiSi
	We are wondering what would be the TA value NTA estimated by the gNB assuming that the distance between gNB and UE is 0 and only considering this error component?  
If the TA value is , and the TA command is send  to the UE, then it seems we should use  . But we would like to hear more views from companies about this case.

	LG
	We have similar view to CATT. Considering Te, Te includes transmission error of gNB and its UE estimation/reception error.  

	Intel
	Agree with Ericsson

	vivo
	 should be considered in the equation. The time error calculation should include two procedures: 
· Procedure 1: gNB provides the referenceTime (which is pointed to a specific SFN) to the UE via SIB/DLInfomationTransfer.
· Procedure 2: The UE triggers RACH to obtain an TA closest to the provided referenceTime, after receiving the propagation compensation indication required by the network.
These two procedures are independent for time error calculation. Thus, we consider  for the equation. 

	Qualcomm
	 should be considered in the equation. 

	OPPO
	 Should be considered in the equation. Share view with Nokia, NSB

	CATT2
	We also think   for Error related to BS timing is needed.
if  can’t be considered, Equation in Option 1 is as follows:




Question 3.1-2: Which one do you think we need to include in the equation for calculating the overall time synchronization error, i.e.  or  if we need to consider downlink frame timing error based on the discussion in section 2.2.3 ? Please give your reasons also.
	Company
	View

	Feature lead
	Similar as question 3.1-1, the following aspects would be related in order to determine which one to use:
· Whether   is part of propagation delay error or not? If it is part of propagation delay error, then it seems reasonable to use   in the equation considering we use TA/2 to get the propagation delay.  
·  Whether to use  to capture the timing error at the UE side to receive the indicated reference timing information. 

	Nokia, NSB
	
The UE sets it transmit time based on the detected DL timing, hence this component is reflected in the TA-loop.

	CATT
	 is already be included in Te

	ZTE
	, please see the comments to question 3.1-3

	Ericsson
	 
Similar view as Nokia/NSB. Also see Te section in TS 38.133 that UE error in detecting first DL path is not part of Te.

	Samsung 
	Agree with Nokia. 
  if the error should be considered. 

	HW/HiSi
	 

	LG
	We have similar view to CATT. Considering Te, Te includes transmission error of gNB and its UE estimation/reception error.

	Intel
	It is either accounted in Te as a half or standalone as a half

	vivo
	We prefer to add in the equation. This inaccuracy is caused by UE detection, which should be considered in PDC.  

	Qualcomm
	 

	OPPO
	



Question 3.1-3: Do you have any other views on the determination of which equation to use for the overall synchronization time error?
	Company
	View

	Feature lead
	If companies want to share more reasons to justify the equation you propose, you can include it here. 

	Nokia, NSB
	In Option 7, we use TAE/2 for , and can, depending on whether TAE/2 or TAE is used, also resemble Option 8.
If asymmetry is to be captured as a separate component, then Option 1 is OK for us.

	CATT
	From our perspective, common components in all of formula options can be made as baseline and then discuss about whether differential components is necessary or not  one by one.

	ZTE
	We think it may be difficult to achieve a consensus for the overall synchronization time error only via pure words. It would be better to use a figure to illustrate the overall time synchronization error. We suggest using the Figure 1 in our contribution as the start point for the analysis, which is captured below.
In the figure, the value of t1 is indicated to the UE. So the calculated time by the UE is t1+half of the TA=t1+TAact/2=t1+PDL+1/2(e3+e4+e5-e1-e2).
The correct time when the UE detects the downlink frame is t4 with taking the BS transmit timing and the downlink frame timing error into account, where t4=t1-e1+PDL-e2. 
So the overall time synchronization error is
 (t1+TAact/2)-t4=1/2(e1+e2+e3+e4+e5).
More details can be found in our contribution R1-2008825. 


Feature lead>> Thanks to provide this nice picture, it is very helpful for the understanding. However, I think your picture is mainly to represent the error for propagation delay, the controversial part is whether to consider the error for signaling the reference information also.
[ZTE]: Thanks for the discussion. We would like to clarify the controversial part. Actually, in our analysis, only the time error between the actually DL frame transmission time and the expected transmission time that gNB want to transmit the DL frame is considered. The error for signaling the reference information is not considered. This is because this can simplify the RAN1 analysis on accuracy of Uu interface and we think this error should be involved in the budget in RAN2. If this error is considered in RAN1, we think  the overall time synchronization error is the time error we proposed plus this error. In our understanding, the error for signaling the reference information includes the reference time indication granularity. But it seems the granularity should be considered in the network budget as discussed above. 

	Ericsson
	For the equations that use minus Te/2: more explanation is appreciated. In our view, all error components are +/-.  Thus the equations calculate summation of absolute values. All error components (in absolute value) are added up, no subtraction. After summation, the overall error is +/-.

Feature lead>> The reason is that firstly assume Te is used for  , then assume  is used to capture the timing error at the UE side to receive the indicated reference timing information, then they get it following the following equation:  
One example is show as below (network time synchronization is not considered here):










It can be seen from the equation that the total error of the time synchronization is:

=================

	HW/HiSi
	We share a similar view with CATT that it would be easier to first figure out which components should be considered in the total error. For each component, whether it needs to be added or subtracted, and whether it needs to be divided by 2 is a second step.
One general comment I would like to share. If companies in RAN1 cannot convince each other how the error is calculated, then the result of a unified value would be the outcome of a compromise that does not necessarily reflect the real error in the system. For the sake of progress, one option could also be to define an error range based on companies’ different understanding and to move on based on this. Maybe, also depending in the input from RAN2, the exact values of the error down have a decisive role which/if enhancements are needed?

	Qualcomm
	Option 4.  Option 4 is the same as option 1 and 2 if the asymmetry error is not considered.

	OPPO
	Share view with HW/HiSi.



Overall time synchronization error over Uu interface 
Once we achieve consensus on the equation to be used for calculating the overall time synchronization, we can get the overall time synchronization error achievable based on Rel-16 scheme based on the following assumption we agreed in RAN1#102-e.   
· One Uu interface is assumed for smart grid. 
· Two Uu interfaces are assumed for control-to-control.
Some companies provide some evaluation in the contribution based on their equation, and share the views on whether enhancements in Rel-17 needed or not. Note that it may depend on the reply LS from RAN2 on the overall Uu interface budget also.  

· TA-based mechanism in Rel-16 cannot satisfy the time synchronization accuracy of the control-to-control use case 
· Support: Vivo, Ericsson, CATT, LG, Qualcomm
· TA-based mechanism in Rel-16 can satisfy the time synchronization accuracy of the smart grid use case 
· Support: Vivo, Intel, Qualcomm

Feature lead: Let’s wait for the discussion in section 3.1 first. If the reply LS from RAN2 can be available during this meeting, we can consider to discuss again on whether enhancements needed or not. 

Question 3.2: Do you have any addition thinking or suggestion here?
	Company
	View

	Nokia, NSB
	We agree that TA-based mechanism can be used for smart grid, and also for the case of control-to-control with only one Uu interface. 
We also agree that for two Uu interfaces, when PDC is needed, TA-based options cannot satisfy the requirements.
With that said, we only see the need for PDC in the control-to-control use case with two Uu interfaces, when the cell radii are large (larger than the cross-over when a single Uu interface is involved), and only needed for worst case locations of the source and target UEs. 

	CATT
	We are fine with FL suggestion.

	Ericsson
	We are OK to wait for RAN2 LS to see if and how much the enhancement should be.
One thing to emphasize is, only one set of enhancement (involving RAN1/RAN2/RAN4) should be introduced, targeting the most demanding case. 

	Samsung
	We think TA-based options with some enhancement, e.g. finer granularity, SRS for gNB estimation for UL signaling is able to support most of the use cases. Suggest to draw conclusion later with agreed method to calculate the error. 

	HW/HiSI
	We are fine with the FL suggestion.

	LG
	We also think it is better to wait RAN2 outcome. 

	Intel
	Agree to wait

	vivo
	We support FL suggestion.

	Qualcomm
	We support FL suggestion.

	OPPO
	We support FL suggestion.



Summary of potential proposals for 2nd round email discussion
Question 3.1-1: Which one do you think we need to include in the equation for calculating the overall time synchronization error, i.e.  or ? Please give your reasons also.
· Option 1: 
· Support: Nokia, Ericsson, Intel, vivo, CATT
· Use  to capture the timing error between the SFN timestamp in referenceTimeInfo which is captured at the gNB-DU [38.470 section 5.2.2] and the frame timing at the air interface
· Option 2: 
· Support: ZTE
· Option 3:  
· Support: CATT, LG

Feature lead recommendation: 
· Suggest to go with option 1. The reasons given in ZTE figure is actually for propagation delay estimation, however I think it is reasonable to use   to capture the timing error between the SFN timestamp in referenceTimeInfo which is captured at the gNB-DU [38.470 section 5.2.2] and the frame timing at the air interface also, since in the end gNB needs to send the reference timing to UE, and similar as RRC indication granularity error agreed in RAN2 in Rel-16, this is part of error due to signaling the reference information. Companies are encouraged to further think about it, and more views are welcome. 

Proposal 3.1:  is included in the equation for calculating the overall time synchronization error. 
Please comment on the above two proposals if any.
	Company
	View

	OPPO
	Support proposal 3.1

	CATT
	We prefer to Option 1(BS transmit timing error).

	Nokia, NSB
	Support. Agree with the FL argumentation

	HW/HiSi
	We support Option 1, it has also clear majority view.

	ZTE
	In our analysis, the error for signaling the reference information (denoted by es) is not included in the  in order to simplify the analysis. If  also includes the es, we think the preferred value is es+1/2(-es) according to our analysis. But, for progress, we also can accept option 1 if the the value of  is small and the influence to the overall time error is limited since it is the most companies’ view. 

	Ericsson
	Support Proposal 3.1

	Qualcomm
	Support Proposal 3.1



Question 3.1-2: Which one do you think we need to include in the equation for calculating the overall time synchronization error, i.e.  or  if we need to consider downlink frame timing error based on the discussion in section 2.2.3 ? Please give your reasons also.
· Option 1: 
· Support: 
· Option 2:  
· Support: Nokia, ZTE, Ericsson, Samsung, Intel
· The UE sets it transmit time based on the detected DL timing, hence this component is reflected in the TA-loop
· Option 3:  
· Support: CATT, LG, Intel

Feature lead recommendation: It seems companies don’t provide answer directly to my question “Whether to use  to capture the timing error at the UE side to receive the indicated reference timing information”? Similar as the above question on , if the answer is yes then   should be used since it is not part of propagation delay error. 

Do you have any additional or new views on “Whether to use  to capture the timing error at the UE side to receive the indicated reference timing information”? 
	Company
	View

	OPPO
	 is used as the timing error at the UE side to receive the indicated reference timing information. For calculating the overall time synchronization error,  is included.

	CATT
	We prefer to Option 3 because  should be included in Te

	HW/HiSi
	If 2.2.3 would result into Option 2 (Downlink frame timing error is not needed to be considered separately), then there is no need to consider this in the total error here which should be Option 3 (None)
If 2.2.3 would result into Option 1, we support Option 2 here (

	Ericsson
	Option 2.  should be included to capture the timing error at the UE side to receive the indicated reference timing information.
38.133 section 7.1.2.1 text: “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.” This means if the UE has no error in receiving DL reference timing (i.e., ), transmit time error Te is allowed. In reality, UE does have error in receiving DL reference timing, and this error  is addition to Te.



Summary of potential proposals for 3rd round email discussion
Question 3.1-2: Which one do you think we need to include in the equation for calculating the overall time synchronization error, i.e.  or  if we need to consider downlink frame timing error based on the discussion in section 2.2.3? Please give your reasons also.
· Option 1: 
· Support: 
· Option 2:  
· Support: Nokia, ZTE, Ericsson, Samsung, Intel, OPPO, Huawei/HiSilicon
· The UE sets it transmit time based on the detected DL timing, hence this component is reflected in the TA-loop
· Option 3:  
· Support: CATT, LG, Intel, Huawei/HiSilicon 

[bookmark: OLE_LINK54][bookmark: OLE_LINK55]Feature lead recommendation: Based on the discussion here, I feel when companies comment whether to take option 2 or option 3, they have a certain propagation delay compensation method in mind also. Based on my further analysis, I feel for TA-based method, option 3 might be the choice, while for RTT-based method, option 2 might be the choice. Therefore, I made some proposal as below for further discussion.    

Note: Proposal 3.4-1 is further revised according to the comments below. 
Proposal 3.4-1: For the equation for calculating the overall time synchronization error, one of the following options can be taken for a certain propagation delay compensation method:
· Option 1: 
· Option 2:  and any variant of it will not be included


Revised Proposal 3.4-1: For the equation for calculating the overall time synchronization error, one of the following options can be taken for a certain propagation delay compensation method to account for the downlink frame timing error:
· Option 1: 
· Option 2:  
· FFS: For which propagation delay compensation method(s) Option 1 or Option 2 should be applied.

	Company
	View

	Nokia, NSB
	We are bit puzzled what Option 2 would mean here (which based on the earlier discussion has been option 3). Based on the FL recommendation to consider Option 2 and Option 3, depending on the PDC method considered, this would rule out Option1 (which is not noted as Option 2 in proposal 3.4-1). 
So a bit unclear to us why we are not trying to say what are the remaining options – and potentially associate the values for the different PDC methods directly (as suggested by FL in the recommendation text). Moreover, it would be good that we mention about which error component we are actually talking about (i.e. the downlink frame timing error) 
i.e. something like: 
Proposal 3.4-1: For the equation for calculating the overall time synchronization error, one of the following options can be taken for a certain propagation delay compensation method to account for the downlink frame timing error:
· Option 1:  
· Option 2: 0  and any variant of it will not be included
FFS: For which propagation delay compensation method(s) Option 1 or Option 2 should be applied.

Feature lead>> Agree and thanks for the suggestion. Updated accordingly. 


	Samsung
	OK with Nokia’s version. 

	CATT
	We are fine with Nokia’s modification and for Nokia’s version, we prefer to Option 2. 

	Qualcomm
	We prefer option 1.

	Nokia, NSB 2
	We support the Revised Proposal 3.4-1

	Ericsson2
	We support Option 1, and cannot accept Option 2.
· For the version of “Option 2: 0”: this implies that UE detection error of DL frame is always zero. This cannot be true in real life.
· For the version of “Option 2: Assume the downlink frame timing error is already reflected to Te.” This means that there is a genie telling the UE what the UE’s DL detection error is at each detection instance. But in real life, there is no such genie, and UE has no idea what its detection error is at a particular detection instance. The UE can only use a method (e.g., correlation) to take a best guess on where the first path is, without knowing if and how much error it makes. 
As stated in section 2.5, we agree with this Nokia view: “Te is an the maximum error relative to the detected DL frame timing. So from the overall error, relative to the gNB air interface frame timing, both needs to be included.”
We can support the revised proposal 3.4-1 below.

Revised Proposal 3.4-1: For TA-based propagation delay compensation (Option 1a/b/c),  is included for calculating the timing estimation error.

Feature lead>> Since different companies support different options, it is impossible for us to down-select to any of them. The best we can do is to narrow down to 2, then we can further discuss which one to take for a certain method. Note that here we don’t have any assumption of the value for  in option 1, so you don’t need to worry that it precludes a potential different value for RTT based and TA based. 



Summary of potential proposals for 4th round email discussion
Question 3.1-2: Which one do you think we need to include in the equation for calculating the overall time synchronization error, i.e.  or  if we need to consider downlink frame timing error based on the discussion in section 2.2.3? Please give your reasons also.
· Option 1: 
· Support: 
· Option 2:  
· Support: Nokia, ZTE, Ericsson, Samsung, Intel, OPPO, Huawei/HiSilicon
· The UE sets it transmit time based on the detected DL timing, hence this component is reflected in the TA-loop
· Option 3:  
· Support: CATT, LG, Intel, Huawei/HiSilicon 

Feature lead recommendation: Based on the discussion here, I feel when companies comment whether to take option 2 or option 3, they have a certain propagation delay compensation method in mind also. After further discussing, it seems different companies have different views on the propagation delay compensation method(s) that would need to consider this component. Therefore, I would encourage companies to accept this proposal and we can do further down-selection in the following meeting(s). 

[bookmark: OLE_LINK12][bookmark: OLE_LINK17]Revised Proposal 3.4-1: For the equation for calculating the overall time synchronization error, one of the following options can be taken for a certain propagation delay compensation method to account for the downlink frame timing error:
· Option 1: 
· Option 2:  
· FFS: For which propagation delay compensation method(s) Option 1 or Option 2 should be applied.

	Company
	View

	Feature lead
	At this stage, it is obvious that impossible for us to down-select to any of them, hope companies can accept the current proposal and we can do further down-selection in the following meeting(s).

[bookmark: OLE_LINK6][bookmark: OLE_LINK7]Note 1: Ericsson seems worried that if we will take option 1 for all methods, it would mean that same value of  will be used. Here is to clarify there is no that kind of intention with this proposal, if in the end a different value is justified for RTT-based method, for sure that value can be used here for   in option 1.    

Note 2: I didn’t add “assume the downlink frame timing error is already reflected to Te” to option 2 as CATT and LG suggested, since Nokia and Ericsson shared the view that Te is the maximum error relative to the detected DL frame timing, therefore it is not correct to say it is reflected or included by Te. I kind of agree with them, and I think the proponent from option 2 mainly want to say for TA-based method we don’t need to additionally consider downlink frame timing error, since it can be covered by some other component, we can further discuss whether/which component would be able to cover this.

	CATT
	We are fine with FL proposal on Revised Proposal 3.4-1.

	Ericsson
	We can accept in principle for the sake of progress. Suggest revision below, since ‘0’ means not to account for the error, which is contradictory to the body text of the proposal.
Revised Proposal 3.4-1: For the equation for calculating the overall time synchronization error, one of the following options can be taken for a certain propagation delay compensation method with respect to account for the downlink frame timing detection error:
· Option 1:  use   to account for the DL frame timing detection error
· Option 2: , i.e., do not account for the DL frame timing detection error 
· FFS: For which propagation delay compensation method(s) Option 1 or Option 2 should be applied.


	LG
	We support the proposal from FL



Potential enhancements for propagation delay compensation
In RAN1#102-e meeting, the following option 1 and option 2 are agreed for further study in RAN1. Based on the contributions submitted to this meeting, option 3 below are proposed also. 
· Option 1: TA-based propagation delay
· Option 1a: Propagation delay estimation based on legacy Timing advance (potentially with enhanced TA indication granularity).

· Option 1b: Propagation delay estimation based on timing advanced enhanced for time synchronization (as 1a but with updated RAN4 requirements to TA adjustment error and Te)

· Option 1c: Propagation delay estimation based on a new dedicated signaling with finer delay compensation granularity (Separated signaling from TA so that TA procedure is not affected)

· Option 2: RTT based delay compensation:
· Propagation delay estimation based on an RAN managed Rx-Tx procedure intended for time synchronization (FFS to expand or separate procedure/signaling to positioning). 

· Option 3: gNB-side pre-compensation

At the moment, there is no consensus yet if enhancements are needed, and also RAN2 is discussing the error budget of Uu interface. Therefore, right now what we can do is to see if any further clarification needed on the above options to get a common understanding in RAN1. Some brief summary on each option are given as below, based on the views in the contributions. 

· Option 1: TA-based propagation delay

· Option 1a: Propagation delay estimation based on legacy Timing advance (potentially with enhanced TA indication granularity).

· Option 1b: Propagation delay estimation based on timing advanced enhanced for time synchronization (as 1a but with updated RAN4 requirements to TA adjustment error and Te)
· Support: LG,

· Cons
· May be not very useful for TA adjustment due to hardware limited  

· Option 1c: Propagation delay estimation based on a new dedicated signaling with finer delay compensation granularity (Separated signaling from TA so that TA procedure is not affected)


Question 4.1-1: Do you have any question on the clarification of the above three options?
	Company
	View

	Feature lead
	Some companies mentioned that option 1c is not that clear, therefore proponents of option 1c are encouraged to provide more details on option 1c if any. 

	Nokia, NSB
	We think the discussion is getting unnecessarily complicated when we mix the procedure of PD estimation and PD compensation. If we separate these, is it correctly understood that Option 1c is relying on the PD estimation from Option 1a or 1b?
If we then consider the PD compensation framework, is it correctly understood  that Option 1c implies that the gNB has the PD estimation and then signals this to the UE, as is also the case in Option 3?

	CATT
	We prefer to Option1a because TA-based method with enhanced TA indication granularity is more straightforward and has less spec impact

	ZTE
	We prefer option 1a/1b due to the less spec impact

	Samsung
	In our view, 1C means an additional signal indicating the PD from gNB to UE. However, from UE point of view, we don’t require UE to adjust TA based on the additional signaling, and no need to increase TA command MAC CE for every TA adjustment.  However, different from option 2, the reference DL time is not specified, and UL transmission time (e.g., if a dedicated SRS is needed) may or may not based on current TA. 

	HW/HiSi
	For clarification: Is it correctly understood that performance wise, Option 1a and Option 1c are equal? The only difference is the signaling. In 1a, the TA is improved and in 1c, a new parameter with finer granularity is indicated?
Is it correctly understood that the expected performance of 1b is better than 1a and 1c?

	vivo
	We prefer Option1a. TA-based method has been applied in NR and seems more straightforward. For RTT-based solution, more detail need clarify. For example, 
· Exchange of time information
For RTT-based method, gNB does not know the transmitting time and receiving time of reference signal at UE side and vice versa. In order to perform propagation delay compensation at UE or gNB side, the exchange of time information is needed between gNB and UE.
· Resource allocation of reference signal. 
For RTT-based method, the large bandwidth of reference signal is used to guarantee accuracy. In IIOT scenario, the larger bandwidth of reference signal is required for all UEs if high accuracy delay compensation is needed. Thus, the overhead of reference signal may be larger, especially for UE specific reference signal.
· The signaling overhead 
Obtaining the required precision for external clock may need quite frequent time information updates over Uu interface. Thus, the signaling overhead caused by triggering RTT-based delay measurement may be huge in order to guarantee the synchronization error is always less than synchronicity budget requirement.

	Qualcomm
	Which signal will be used for detection of the PD in option 1c? Is it PRACH?

	OPPO
	We prefer to Option1a due to least spec impact.




· Option 2: RTT based delay compensation:
· Propagation delay estimation based on an RAN managed Rx-Tx procedure intended for time synchronization (FFS to expand or separate procedure/signaling to positioning). 
· Support: Ericsson, Qualcomm, Intel, Nokia, OPPO

Regarding option 2, the main issues mentioned in the contributions mainly include the following aspects:
· Whether to expand or separate procedure/signaling to positioning?
· What equation to use for evaluating the overall time synchronization error for RTT based method?
· Whether the propagation delay is calculated at the UE side or gNB side? 

The following questions are set to collect the views from companies.
Question 4.1-2: Do you prefer to expand the procedure/signaling to positioning, or introduce a separate procedure for option 2 (i.e. RTT based propagation delay compensation)? Please provide your reason also.
	Company
	View

	Nokia, NSB
	The current Rx-Tx procedure used for positioning managed by the LMF. We would prefer a RAN centric approach to Option 2 which has the possibility to be much faster than involving the LMF.
The signaling related to PDC should be left for RAN2. That said, we prefer that the UE conducts PDC, but RAN1 could analyze if there are any gain in supporting gNB based PDE and RAN2 can study if this option should be supported by the signaling framework.

	CATT
	First of all, we should focus on TA-based method because TA-based method is already used. In addition we need evaluate whether RTT is necessary or not.

	Ericsson
	RAN1 should study the accuracy achievable for Uu interface with RTT based method.
If RAN1 concludes that this method is to be adopted, then RAN2 can do the signaling work for it. A separate procedure distinct from positioning is preferred to minimize the complexity of the specification effort. The procedure is only between one UE and its serving gNB. In contrast to positioning purpose, no LMF or other gNBs are needed for time sync purpose.

	Samsung
	We think for RTT based method, a new signaling framework is needed, which should not rely on LMF or the capability of position. For RTT based method, whether PRS is used for DL time estimation at UE side needs to be further clarified. In addition, we need to take into account signaling from UE to gNB on UE Rx-Tx, or signaling from gNB to UE on gNB Rx-Tx for PD calculation. 

	HW/HiSi
	In our understanding, the signaling and the procedure is discussed in RAN2. RAN1 only needs to analyze the accuracy of this option. 

	LG
	If RTT-based mechanism is considered, we think it is beneficial to re-use existing manner in principle, but separated UE capability. 

	Intel
	If RAN1 concludes that RTT-based mechanism is required from estimation error target perspective, then this discussion can be triggered and more detailed solutions could be discussed.

	vivo
	We prefer to focus on TA-based method firstly.

	Qualcomm
	The signaling related to PDC should be left for RAN2. 

	OPPO
	PDC is totally different from positioning. It is easier to introduce a separate procedure for option 2.



Question 4.1-3: Which Alternative do you prefer to calculate the overall time synchronization error for RTT-based method? Please provide your reason also.
Alternative 1:

· Support: Qualcomm, 

Alternative 2:

·  is to reflect the error due to report granularity of Rx-Tx time difference

· Support: Nokia

Alternative 3:

·  is to reflect the error due to report granularity of Rx-Tx time difference
·  is to reflect the error due to the granularity of propagation delay indication

· Support: Samsung

Alternative 4:

·  is to reflect the error due to report granularity of Rx-Tx time difference

· Support: Ericsson

	Company
	View

	Feature lead
	Note that the denotation might not be exactly the same as in your contribution, to make it easier to compare the difference I tried to uniform the denotation. If any appropriate, please indicate here. 

	Nokia, NSB
	We note that  in Alternative 2 is used to represent the mismatch between an SFN timestamp and the frame timing at the air interface. Here we use TAE/2. If the intention with  in alternative 1, is to resemble TAE, then the two are similar.
Further we assume that the UE Tx timestamp error is very small (negligible) and by that assumption Alternative 2 is similar to Alternative 4. 

	CATT
	If RTT method is necessary, we can consider the detail formula for calculating the overall time synchronization error for RTT-based method and we need consider/check whether components in formula of TA-based method can be reused or not.

	ZTE
	We think the error components should include the BS transmission timing error, the UE detection error, the UE transmission timing error, the BS detection error, the measurement result granularity and the measurement report granularity.

	Ericsson
	Alternative 4. It falls out from the timing diagram as shown in E/// contribution R1-2007711.
Furthermore, the notation of the RTT formula reuses notation of the TA formula. However, the value for each error component may be different between RTT formula and TA formula, if RTT uses different DL and UL reference signal than TA.
 

	Samsung
	We support ZTE’s view. We think compared with TA based method, the only different is reporting granularity, and detection error. But if we use SRS for UL transmission, the UL detection error should be the same as RTT based method. If the PD compensation is at UE side, the granularity from gNB to UE needs to be considered too. 

	LG
	Detailed equation would be derived from RTT-based mechanism. Eventually, error component is consist at least of 1 TX-RX error from gNB to UE, 1 TX-RX error from UE to gNB, and signaling granularity. 

	vivo 
	For RTT-based method，more details need clarify. We prefer to study TA-based method firstly. 

	Qualcomm
	Alternative 1. 



R1-2008283 (OPPO) raised the issue that we need to discuss whether the propagation delay is calculated at the UE side or gNB side for RTT based method. It seems most companies think it is done at the gNB side.   
Question 4.1-4: whether the propagation delay is calculated at the UE side or gNB side for RTT based method? Please provide your reason also.
	Company
	View

	Nokia, NSB
	UE
Optionally gNB.

	CATT
	Both UE and gNB can execute calculation.

	Ericsson
	For the RTT method, we prefer UE reports UE Rx-TxTimeDiff to gNB, and gNB performs the calculation. This can ensure that the calculation is done freshly when the 5GS reference time update is needed.

	Samsung
	We support both UE and gNB are able to calculate the propagation delay. 
But who compensates the propagation delay can be discussed separately. And the assumption should be the same for TA based method, i.e., if UE compensate the propagation delay, gNB need to signaling gNB Rx-Tx to UE. 

	HW/HiSi
	For clarification, does this issue need to be discussed in RAN1 or RAN2? From our understanding RAN2 is more impacted by this decision.

	LG
	Both UE and gNB.

	Intel
	For UE-based PD compensation, the UE side is preferred to avoid some additional error sources.

	Qualcomm
	 UE since it is efficient to let UE to do this.

	OPPO
	Both UE and gNB can calculate the propagation delay. In addition, it needs to discuss who compensates propagation delay, gNB or UE.
We are open to that RAN 1 or RAN2 makes decision.




Intel (R1-2008988) propose to discuss gNB-based pre-compensation of the reference time information also. 
· Option 3: gNB-based pre-compensation of the reference time information

· Support: Intel

Question 4-5: Do you have any comment/question on option 3? 
	Company
	View

	Feature lead
	The following was given in Intel (R1-2008988):
==============
As RAN2 already discussing, there is a leftover R16 mechanism of gNB-based pre-compensation and adjustment of the reference time information. As it is shown in section 2, it has good performance with the restriction that the reference time info in this case could not be suitable for all UEs. Additionally, mechanisms to inform the UE about pre-compensation are required to avoid double compensation.
==============

	Nokia, NSB
	RAN1 can determine if there is any benefit of delegating the PD estimation to the gNB. Otherwise, this option is not relevant for RAN1 to consider as it is a matter of signaling of the PD estimation to the entity conducting PDC (here the gNB). 

	CATT
	TA-based method should be made as baseline and current we have already two options on TA-based and RTT. If our option methods can’t be satisfied with the requirement of PDC, we consider other potential method again.

	[bookmark: _Ref124671424][bookmark: _Ref124589665][bookmark: _Ref71620620]Ericsson
	Do not agree to add Option 3.
Unlike Option 1 and 2, Option 3 is not a PD estimation method. Option 3 is about which entity performs the PD estimation, and how the signaling may work (RAN2 topic). But fundamentally, the PD estimation method is either Option 1 or Option 2.  

	Samsung
	This can be a separated discussion from option 1 and option 2. We are OK to provide accuracy analysis assuming pre-compensated delay by gNB and UE compensates the delay based on some gNB signaling for both option 1 and option 2. 

	Intel
	Our understanding that Option 3 is not RAN1 scope overall, but it is proposed to be studied together with Option 1 and 2 in terms of achievable accuracy, so that RAN2 can decide based on numbers, if needed.

	vivo
	We prefer to take TA-based method as baseline. The benefit of gNB-based pre-compensation and details should be clarified firstly.

	Qualcomm
	We prefer to evaluate Option 1 and Option 2 first. 

	OPPO
	Share view with CATT.



Agreements under [103-e-NR-IIoT-URLLC-05]  
The section summarize the agreements made under this email discussion.
Agreements:
· Take 65 ns as the assumption of transmit timing error for evaluation of the overall time synchronization error for control-to-control. 
· Asymmetry between downlink and uplink channel for smart grid scenario is not considered. 
· TA adjustment accuracy is not considered for the evaluation of time synchronization error. 
· errorBS,DL,TX is included in the equation for calculating the overall time synchronization error. 

Agreements:
[bookmark: _GoBack]TA adjustment accuracy is not considered for the evaluation of time synchronization error. 

Agreements:
For evaluation of the overall time synchronization error for smart grid, companies can take one of the following two options as the assumption for BS transmit timing error:
1. Option 1: 200 ns
1. Option 2: 65 ns
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Appendix Agreements in the past meetings
RAN1#102-e
Agreements:
· Take the following use cases as the representative use cases for further study on propagation delay compensation enhancements in Rel-17. 
	User-specific clock synchronicity accuracy level 
	Number of devices in one Communication group for clock synchronisation
	5GS synchronicity budget requirement 
(note)
	Service area 
	Scenario

	2
	Up to 300 UEs
	≤900 ns          
	≤ 1000 m x 100 m
	· Control-to-control communication for industrial controller

	4
	Up to 100 UEs
	<1  µs
	< 20 km2
	· Smart Grid: synchronicity between PMUs



Agreements:
· 8*64*Tc/2 as the TA indicating error is assumed in the evaluation.

Agreements:
For 5GS synchronicity budget requirement, 
· One Uu interface is assumed for smart grid. 
· Two Uu interfaces are assumed for control-to-control.

Agreements:
For BS transmit timing error, further study the following three options: 
· Option 1: 65 ns 
· Option 2:±130ns for the indoor scenario and ±200ns for the smart grid scenario
· Option 3:82.5 ns

Agreements:
The value defined in Table 7.1.2-1 for initial transmit timing error (Te) in TS 38.133 should be considered for evaluation of the time synchronization.  

Agreements:
Asymmetry between downlink and uplink channel for control-to-control scenario is not considered.  

Agreements:
100 ns is assumed for BS detecting error.  

Agreements:
Timing advance adjustment accuracy defined in Table 7.3.2.2-1 in TS 38.133 is assumed for evaluation of the time synchronization.   
Agreements:
Both 15 kHz and 30 kHz are assumed for both control-to-control and smart grid for evaluation of the time synchronization.   

Agreements:
Send an LS to RAN2 with the content including      
· Inform RAN2 the two representative use cases concluded in RAN1 for further study;
· Ask RAN2 for input about Uu interface error budget for each of the two use cases;

Agreements:
The following options for propagation delay compensation are further studied in RAN1  
· Option 1: TA-based propagation delay
· Option 1a: Propagation delay estimation based on legacy Timing advance (potentially with enhanced TA indication granularity).

· Option 1b: Propagation delay estimation based on timing advanced enhanced for time synchronization (as 1a but with updated RAN4 requirements to TA adjustment error and Te)

· Option 1c: Propagation delay estimation based on a new dedicated signaling with finer delay compensation granularity (Separated signaling from TA so that TA procedure is not affected)

· Option 2: RTT based delay compensation:
· Propagation delay estimation based on an RAN managed Rx-Tx procedure intended for time synchronization (FFS to expand or separate procedure/signaling to positioning). 

Draft LS R1-2007445 is approved, with final LS in R1-2007446.


image1.png
7322

Timing Advance adjustment accuracy.

The UE shall adjust the timing of its transmissions with a relative accuracy better than or equal to the UE
Timing Advance adjustment accuracy requirement in Table 7.3.2.2-1, to the signalled timing advance value
compared to the timing of preceding uplink transmission. The timing advance command step is defined in TS

38213 3]

Table 7.3.2.2-1: UE Timing Advance adjustment accuracy.
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Table 7.1.2-1: T, Timing Error Limit.
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mNote 1:  Tcis the basic timing unit defined in TS 38.211 [6]-
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Table 7.3.2.2-1: UE Timing Advance adjustment accuracy-
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