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[bookmark: _Ref178064866]For Release 17 URLLC/IIoT work started in RAN1#102-e based on the objectives of the agreed WID [1]. One of the objectives assumes RAN1 involvement with respect to enhanced time synchronization and propagation delay compensation in particular:
	5. 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]


In RAN1#102-e, good progress was made, and the following agreements were achieved:
	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:
· [image: ]±8*64*Tc/2m 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.
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]



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.
Table 7.3.2.2-1: UE Timing Advance adjustment accuracy
	UL Sub Carrier Spacing(kHz)
	15
	30
	60
	120

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


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

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 signalling with finer delay compensation granularity (Separated signalling 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/signalling to positioning). 



In this contribution we provide analysis of timing error based on different techniques for propagation delay compensation and discuss RAN1 related design aspects for the propagation delay compensation.
[bookmark: _Ref54215609]Error Model and Analysis
In order to analyze the total error based on agreed components and still open values, we base notations on [2]:


Where,
· 
· BS frame timing error. For analysis, all values could be checked, however in our understanding the smaller values should be prioritized.
· 
· UE reception error. This component interacts with . In our understanding,  has a component of  plus adjustment and oscillator related accuracy, since a UE estimates its UL transmission timing with respect to the erroneous DL frame boundary detected.
· 
· UE uplink transmission error. Usually it is less than , especially considering situations not right after the DRX cycle, i.e. when a UE acquired several SSBs. We further consider that is bounded by , Table 7.1.2-1 in TS 38.133.
· 
· BS reception error as per the agreement from RAN1#102-e
· 
· Baseline TA command granularity as per agreement
· 
· Baseline TA adjustment error, Table 7.3.2.2-1 in TS 38.133
· UL SCS and SSB subcarrier spacing combination
· Some parameters are dependent on SCS of both UL BWP and SSB. For simplicity, those are assumed to be equal for the targeted SCS, i.e. 15 kHz for both UL signal and SSB and 30 kHz for both UL signal and SSB.
· Asymmetry
· The asymmetry between UL and DL propagation channels is not considered

Based on the above assumptions, we further identify the following cases for evaluation:
· Case 1a-1: Baseline TA-based compensation
· For this case we present our understanding of the air-interface error based on current specification and UE requirements
· Case 1a-2: Enhanced granularity TA-based compensation
· For this case the TA indication granularity is reduced 4 times to show potential gains / trends
· Case 1b-1: Tightened requirements and TA-based compensation
· Te is reduced 4 times, as an example of the tightened UE requirements. However, feasibility of such requirements needs further checking.
· Case 3: Pre-compensation at gNB
· In this case it is assumed that at least TA granularity component and TA adjustment accuracy are omitted, since gNB can avoid these errors.
Table 1 and Table 2 summarize the example values of the timing synchronization error for different assumptions for Control-to-Control and Smart Grid use cases respectively.
[bookmark: _Ref54185670]Table 1. Uu interface timing synchronization error after propagation delay compensation for Control-to-Control. Green highlight – below the minimum bound of the budget; purple – above the minimum but below the maximum bound of the budget.
	Case
	SCS, kHz
	Uu error, ns
Single Uu interface. Uu budget = [635 to 745] ns
	Uu error, ns
Two Uu interfaces. Uu budget = [370 to 590] ns

	
	
	
	
	
	
	
	

	1a-1 
	15
	506
	523
	571
	1012
	1046
	1142

	1a-2
	
	408
	425
	473
	816
	850
	946

	1b
	
	359
	377
	424
	718
	754
	848

	3
	
	310
	328
	375
	620
	656
	750

	1a-1 
	30
	375
	393
	440
	750
	786
	880

	1a-2
	
	327
	344
	392
	654
	688
	784

	1b
	
	278
	295
	343
	[bookmark: _GoBack]556
	590
	686

	3
	
	245
	263
	310
	490
	526
	620



[bookmark: _Ref54369826]Table 2. Uu interface timing synchronization error after propagation delay compensation for Smart Grid. Green highlight – below the minimum bound of the budget; purple – above the minimum but below the maximum bound of the budget.
	Case
	SCS, kHz
	Uu error, ns
Single Uu interface. Uu budget = [735, 845] ns

	
	
	
	
	

	1a-1 
	15
	506
	523
	641

	1a-2
	
	408
	425
	543

	1b
	
	359
	377
	494

	3
	
	310
	328
	445

	1a-1 
	30
	375
	393
	510

	1a-2
	
	327
	344
	462

	1b
	
	278
	295
	413

	3
	
	245
	263
	380



Given that RAN2 assumption on the other components results in {min, max} values of {635, 745}, {370, 590}, {735, 845} ns for the Scenario 1, 2, 3 as summarized in [3], there are some combinations of the parameters which may not fulfil the synchronicity budget based on TA compensation, namely for the control-to-control with two Uu interfaces.


Observation
· In Smart Grid scenario, the Uu synchronicity budget can be fulfilled with any option of propagation delay compensation
· In Control-to-Control scenario with one Uu interface, the Uu synchronicity budget can be fulfilled with any option of propagation delay compensation
· In Control-to-Control scenario with two Uu interfaces, the Uu synchronicity budget may be fulfilled for 30 kHz SCS and BS TX timing error of 65 or 82.5 ns.

Design Aspects
From the analysis in section 2, in some challenging conditions, mechanisms beyond current specification are required. In this section, we analyze the options identified in RAN1#102-e:
Option 1a, 1b – TA-based
Although this option can fulfil the requirements in a subset of use cases, it seems more work is required for better performance. Furthermore, current requirement on Te and TAAA may be hard to reconsider without changes to the legacy signals, such as SSB and PRACH.

Option 1c – TA-like
We don’t see much motivation to mimic TA measurement mechanism based on new signals, since standalone RTT measurements optimized for timing estimation can provide larger potential for better accuracy.

Option 2 – RTT-based
The RTT-based compensation could be realized using the existing gNB RX-TX time different and UE RX-TX time difference measurements. While the compensation needs to be performed by the UE, only UE RX-TX time difference can be available at the UE. The gNB RX-TX time difference needs to be signaled to the UE. The signaling in this case should be UE-specific. This fact introduces additional signaling overhead.

Option 3 – gNB-based compensation
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.

Proposal
· RAN1 to confirm the feasibility of gNB-side pre-compensation of the reference time info and inform RAN2.
· RAN1 to further consider two options:
· RTT-based propagation delay compensation;
· gNB-based pre-compensation of the reference time information.

Conclusions
In this document we presented views on the issue of propagation delay compensation as part of enhanced accurate time synchronization. The following observations and proposals have been made:

Observation
· In Smart Grid scenario, the Uu synchronicity budget can be fulfilled with any option of propagation delay compensation
· In Control-to-Control scenario with one Uu interface, the Uu synchronicity budget can be fulfilled with any option of propagation delay compensation
· In Control-to-Control scenario with two Uu interfaces, the Uu synchronicity budget may be fulfilled for 30 kHz SCS and BS TX timing error of 65 or 82.5 ns.

Proposal
· RAN1 to confirm the feasibility of gNB-side pre-compensation of the reference time info and inform RAN2.
· RAN1 to further consider two options:
· RTT-based propagation delay compensation;
· gNB-based pre-compensation of the reference time information.
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