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[bookmark: _Ref165266342]Introduction
In RAN1#103 e-meeting, propagation delay compensation enhancements are discussed and some agreements are achieved as following[1]. 
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. 
· errorBS,DL,TX is included in the equation for calculating the overall time synchronization error. 

Agreements:
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:
· Option 1: 200 ns
· Option 2: 65 ns

RAN2 sent LS to inform the suggested single Uu interface budget, as in the following table [2]

	Scenario
	Single Uu interface Budget

	Control-to-Control
	±145ns to ±275ns

	Smart Grid
	±795ns to ±845ns



In this contribution, we share our views on propagation delay compensation enhancements.
Parameters for propagation delay compensation evaluation
According to agreement in the last RAN1 meeting, some parameters for propagation delay evaluation are discussed. The discussions on some parameters are still open. In this section, the remaining parameters are discussed.   
BS transmit timing error for smart grid use case
The maximum gNB transmit time alignment error is defined in 38.104 as shown below.
	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.


For smart grid use case, a single cell with MIMO transmission is typical scenario. We suggest to apply the same TAE value for both control-to-control and smart grid use case, i.e., TAE=65 ns.
[bookmark: _Hlk61255743][bookmark: _Hlk54343623]Proposal 1: For smart grid use case, 65 ns is considered for BS transmit timing error. 
Downlink frame timing error
Downlink frame timing error is related to UE detection error. The achievable synchronization accuracy will be very much dependent on the (bandwidth of the) used reference signal and the possible related time domain resolution in the estimation process [3], e.g. PSS/SSS or PBCH DM-RS. Downlink frame timing error may affect the TA accuracy and should be considered in analysis. Therefore, downlink frame timing error is considered. The timing error is assumed as 100ns.
[bookmark: _Hlk61255749][bookmark: _Hlk54343635]Proposal 2: Downlink frame timing error is considered in propagation delay compensation evaluation. 
TA-based timing error evaluation 
In the following section, the propagation delay budget is evaluated for TA-based method.
For Control-to-Control use case, UE-to-UE transmission procedure is illustrated in Figure 1. 


Figure 1: UE-to-UE gPTP message transmission
As two UE(s) need to be synchronized with the 5G GM via the reference time provided by the gNB, then the errors would be doubled compared to a single Uu interface from gNB to UE. 


Figure 2: Procedure of reference time provisioning and propagation delay compensation for a single Uu interface
According to the procedure as described in Figure 2, the equation (1) is used for total error calculation: 
 (1)
Parameters and results are show in Table 1 for both control-to-control and smart grid use case.
Table 1: TA-based timing error in clock synchronisation 
	Factors
	Timing error type
	Requirement for different SCS (kHz)
(unit: ns)

	
	
	15
	30

	1
	Inaccuracy caused by downlink/uplink frame timing alignment

	1.1
	Frame alignment error of gNB transmitter ()
	65
	65

	1.2
	Inaccuracy caused by UE detection ()
	100
	100

	1.3.1
	Inaccuracy of UE transmitting ()
	390
	260

	1.3.2
	Inaccuracy of gNB detection ()
	100
	100

	1.3.3
	Inaccuracy caused by TA indication ().
	260
	130

	1.3
	Inaccuracy caused by propagation delay when propagation delay is decided from TA. (1.2+1.3.1+1.3.2+1.3.3)/2
	425
	295

	Total error over a single Uu interface for control to control use case
	1.1+1.3
	490
	360

	Total error over a single Uu interface for smart grid use case
	1.1+1.3
	490
	360


According to the result in the table 1, the inaccuracy of 15/30KHz SCS after propagation delay compensation cannot fulfil the TSN clock synchronization requirements for TA-based method. 
The inaccuracy of 15/30KHz SCS after propagation delay compensation can fulfil the TSN clock synchronization requirements for smart grid use case.
[bookmark: _Hlk61255788][bookmark: _Hlk54343668]Observation 1: For TA-based method, the inaccuracy of 15/30KHz SCS after propagation delay compensation cannot fulfil the TSN clock synchronization requirements for control-to-control use case.
[bookmark: _Hlk61255805][bookmark: _Hlk54343683]Observation 2: For TA-based method, the inaccuracy of 15/30KHz SCS after propagation delay compensation can fulfil the TSN clock synchronization requirements for smart grid use case.
RTT-based method 
Details for RTT-based method
TA-based method has been studied and applied widely in NR and previous system. For RTT-based solution, more details need to be discussed. At least the following aspects should be clarified. 
· 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 is 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.
Currently, RTT-based method is widely used for positioning procedure. It should be clarified whether and how the procedure/signalling for positioning can be reused for propagation delay compensation. On the other hand, if procedure/signaling for positioning is reused, it is also needed to discuss whether URLLC UEs with propagation delay compensation capability must support positioning capability.
[bookmark: _Hlk61255817][bookmark: _Hlk54343642]Observation 3: For RTT-based method, more details need clarify, e.g. exchange of time information, resource allocation of reference signal, the signaling overhead and so on.
RTT-based timing error evaluation
For RTT -based method, the relation of transmission and reception for gNB and UE side is shown in Fig.3.


Figure 3 the relation of transmission and reception for gNB and UE
Double of propagation delay equal to , where,
 
and 

Therefore, 

 (2)
For RTT-based method, if UE reports its measurement of UE Rx-Tx time difference to gNB and gNB performs propagation delay compensation, the formula (2) is equivalently as (3)
 (3)
Where  can be described as . The error related to UE timing  is much smaller than  in TA-based method. The granularity ranges from 1*Tc to 5*Tc according to the definition in 38.133. Assuming the largest granularity of 5*Tc,  equals to the half of granularity, e.g. 2.5*Tc = 13 ns. 
On the other hand,  can be neglected in RTT-based method. These two parameters lead to much smaller value compared to TA-based method. The timing error is listed in Table 2. 
Table 2: RTT-based timing error in clock synchronisation
	Factors
	Timing error type
	Requirement for different SCS (kHz)
(unit: ns)

	
	
	15 kHz
	30 kHz

	1.1
	Frame alignment error of gNB transmitter ()
	65
	65

	1.2
	Inaccuracy caused by UE detection ()
	100
	100

	1.3.1
	Difference between Rx and Tx at UE side 
	13
	13

	1.3.2
	Inaccuracy of gNB detection ()
	100
	100

	1.3
	Inaccuracy caused by propagation delay. (1.1+1.2+1.3.1+1.3.2)/2
	139
	139

	Total error over a single Uu interface for control to control use case
	[bookmark: _GoBack]1.3
	139
	139

	Total error over a single Uu interface for smart grid use case
	1.3
	139
	139



[bookmark: _Hlk61449622][bookmark: _Hlk61255828]Observation 4: For RTT-based method, the inaccuracy of 15/30KHz SCS after propagation delay compensation can fulfil the TSN clock synchronization requirements for both control-to-control and smart grid use cases.
Conclusions
Based on the analysis given above, we have the following Observations and Proposals:
Observation 1: For TA-based method, the inaccuracy of 15/30KHz SCS after propagation delay compensation cannot fulfil the TSN clock synchronization requirements for control-to-control use case.
Observation 2: For TA-based method, the inaccuracy of 15/30KHz SCS after propagation delay compensation can fulfil the TSN clock synchronization requirements for smart grid use case.
Observation 3: For RTT-based method, more details need clarify, e.g. exchange of time information, resource allocation of reference signal, the signaling overhead and so on.
Observation 4: For RTT-based method, the inaccuracy of 15/30KHz SCS after propagation delay compensation can fulfil the TSN clock synchronization requirements for both control-to-control and smart grid use cases.
Proposal 1: For smart grid use case, 65 ns is considered for BS transmit timing error.
Proposal 2: Downlink frame timing error is considered in propagation delay compensation evaluation.
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