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[bookmark: clause4][bookmark: _Toc2086441]1	Introduction
RAN1 is asking RAN4 the following questions in an LS [1], in order to evaluate the performance achievable by TA-based PDC in Rel-17, RAN1 identified the following questions that need feedback from RAN4:
	
....
Question 1: Is it feasible to support a smaller value than the current Te for the use of propagation delay compensation, assuming the existing conditions in TS 38.133 for Te requirement? If not, is it feasible under new conditions (e.g. using TRS instead of SSB)? If the answer is yes, please also provide feedback on how much it can be reduced at most. 
[bookmark: _Hlk83922444]Question 2: Is it feasible to introduce enhanced TA command indication granularity? If the answer is yes, please also provide feedback on how much it can be reduced at most (e.g. reduced to (1/16)* (16*64*Tc/2), similar as the granularity for Rel-16 IAB based on the Timing Delta MAC CE) and related condition.
In addition, the following two addition points are for RAN4 information:
· Enhancements on Te and TA command indication granularity for propagation delay compensation may or may not have impact on normal TA related procedure, depending on which candidate option for TA-based PDC is adopted. 
· Whether RAN1 will introduce specification enhancements is still undetermined.   
....



We analyze and discuss these questions and provide a draft for the reply LS.
2 	Discussion
We base our discussion on our RAN1 analysis [2], with RAN4 margins added as described in [3] and below. We use the range of uncertainty for a single Uu interface shown in Table 1 below was agreed at 3GPP TSG-RAN WG2 #113-e. We focus on the control-to-control use case, since this is the case with the strictest budget.
Table 1. Time synchronization error budget for single Uu interface
	Scenario
	Single Uu interface Budget

	Control-to-Control
	±145ns to ±275ns

	Smart Grid
	±795ns to ±845ns



2.1	Time Synchronization Error if using the TA-based propagation delay estimation
For the TA-based method, a working assumption was agreed in RAN1 for calculating the total error of the Uu interface and included in RAN1 LS [1]. In RAN1#106bis, it was agreed to adopt Alt 1 for the evaluation, which is also included in RAN1 LS [4].  We base our analysis on the Alt 1 formula in light of the LS from RAN 1 [4]. 
The formula of Alt 1 in the Working Assumption for TA-based method is shown below:
	· Alt. 1 (TA-based): 

 

(1)
Here the RAN4 input is taken into account:   <= Te




The error components of the formula are discussed below.

(a) : The uncertainty due to the value of the 5G reference time indicated by the gNB as being applicable to the end of SFNx not reflecting the actual 5G reference time value when the end of SFNx occurs at the gNB Antenna Reference Point (ARP). We use the same value as in RAN1 evaluation, that is ) = 65 ns
(b) :  The uncertainty associated with UE downlink frame timing detection. As a worst case, a UE synchronizes to the DL using Sync Signal Block (SSB) received within the last 160 ms, where SSB contains information identifying specific DL frame and slot numbering. As described in [5] and [6], the minimum DL frame timing detection error (without any margin) is inverse of the DL BW of the signals used for timing estimation. The values in table 1, column number four from the left,  correspond to what can be achieved without any UE implementation margin. In [5] the margin is 6.31 Ts for , for SCS = 15 kHz. In this first RAN4 analysis we assign slightly more to the DL of the total error budget and propose 4 Ts as margin, on top of min timing error, for SCS = 15 kHz and half of this for SCS = 30 kHz. When using SSB as DL signal for timing estimation, the minimum error is calculated in Table 1 below.
Table 2. DL frame timing detection error at UE, based on SSB detection
	#PRB of PBCH (=240 subcarrier)
	SCS (kHz)
	PBCH BW (MHz) = 240 * SCS
	Min Timing Error (sec) = 0.5 / (PBCH BW)
	Margin
	Timing Error with margin

	20
	15
	3.6
	0.139 us = 4.27 Ts = 273 Tc
	4 Ts 
	0.269 µs = 8.27 Ts = 529 Tc

	20
	30
	7.2
	0.069 us = 2.13 Ts = 137 Tc
	2 Ts 
	0.134 µs = 4.13 Ts = 264 Tc



Thus, the following can be assumed for PD estimation:
·  = ±269 ns for 15 kHz DL SCS;
·  = ±134 ns for 30 kHz DL SCS;

(c) Te: The error when a UE performs transmission of UL frames after acquiring the first detected path of the corresponding downlink frame and applying the most recently received TA information. According to the Te values tabulated in TS 38.133, the following values are considered.
· Te = ±12*64*Tc = 768*Tc = ±391ns (assuming 15kHz SCS for SSB signals, 15kHz SCS for uplink signals)
· Te = ±8*64*Tc = 512*Tc = ±260ns (assuming 30kHz SCS for SSB signals, 30kHz SCS for uplink signals)
(d) : The uncertainty with which a gNB acquires UL frame timing based on UL reference signal like SRS. According to agreement from RAN1#102e, the following value is assumed:
· = ±100ns  (per agreement at RAN WG1#102e)
(e) :  The uncertainty due to timing advance (TA) command granularity. Maximum value of this uncertainty is half of TA command granularity in the existing NR specification where µ represents the SCS of the DL cell:
· = ±8*64*Tc/2µ = 512*Tc = ±260ns (µ = 0 for 15 kHz SCS)
· = ±8*64*Tc/2µ = 256*Tc = ±130ns (µ = 1 for 30 kHz SCS)
Overall, for the TA-based propagation delay compensation method, the total time synchronization error of a single Uu interface is summarized in Table 3 for SCS of 15 kHz and 30 kHz, respectively.
[bookmark: _Ref82096284]Table 3. Error components and total time synchronization error (based on Alt 1) for the TA-based propagation delay compensation method.
	Error components
	Value (ns) for SCS = 15 kHz
	Value (ns) SCS = 30 kHz

	
	±65 ns
	±65 ns

	
	±269 ns
	±134 ns

	
	±768*Tc =  ±391 ns
	±512*Tc =  ±260 ns

	
	±100 ns
	±100 ns

	
	±512*Tc = 260 ns
	±256*Tc = 130 ns

	Total error: 
	± 742 ns
	± 477 ns


*In the above, time unit  (sec).

RAN1 has sent an LS to RAN4 to ask about the possible reduction of error components  and . The minimum requirement is to reach the single Uu interface error budget  , where  is in the range of (±145ns, ±275ns) for the control-to-control TSN scenario. Using (1), the following is the design target:

(2)
In the following, the feasibility of reducing   and  for SCS=15 kHz and 30 kHz are discussed.
2.1.1	Feasibility of reducing   and  for SCS=15 kHz
For SCS=15 kHz, the error component values other than those of  and  can be plugged in (2), and gives: 

With , it is obtained that . Thus it is not possible to reduce error components  and  to satisfy the Uu interface time synchronization requirement for the control-to-control scenario. 
2.1.2	Feasibility of reducing   and  for SCS=30 kHz
For SCS=30 kHz, the error component values other than those of  and  can be plugged in (2), and gives:


With , . Thus it is not possible to reduce error components  and  to satisfy the Uu interface time synchronization requirement for the control-to-control scenario. 
Based on the analysis and observations above, we have the following observations:
[bookmark: _Toc83766242]With the existing Te and TA command granularity values, for both SCS = 15 kHz and 30 kHz, the TA-based method cannot satisfy the Uu interface time synchronization accuracy for the control-to-control scenario.
[bookmark: _Toc83766243]For SCS = 15 kHz and SCS = 30 kHz, with the TA-based method, it is not possible to reduce Te and TA command granularity values to satisfy the Uu interface time synchronization accuracy for the control-to-control scenario.

2.1.3	Further discussion on the feasibility of reducing TA command indication granularity  for SCS=15 kHz and 30 kHz
Question 2 in RAN1 LS [1] is specific about if and how to reduce the TA command indication granularity for the TA-based method.
As described in previous sub-sections, the error component  denotes the uncertainty due to timing advance (TA) command granularity, which is assumed to be half of TA command granularity. According to 38.213, TA command granularity are: 
· For SCS = 15 kHz, µ = 0:  ±16*64*Tc/2µ = 1024*Tc = ±520ns
· For SCS = 30 kHz, µ = 1:  ±16*64*Tc/2µ = 512*Tc = ±260ns 

It is observed that the TA command granularity 16*64*Tc/2µ is the same as the PRACH time error tolerance for gNB detection requirement, see 38.104 and copied in Appendix A. This reflects the reality that the TA estimation and indication is part of random access procedure, and gNB estimates UL timing based on at least PRACH. Thus, TA command granularity depends on the PRACH timing detection error achievable at gNB, and cannot be arbitrarily reduced without changing the corresponding UL signal for random access. 
	#PRB of PRACH (=144 subcarrier)
	SCS
	PRACH BW (MHz) = 144*SCS
	Min Timing Error (sec) = sample length = 1/ (PRACH BW)
	PRACH time error tolerance in AWGN in 38.104

	12
	15
	2.16
	0.463 us
	0.52 us = 520 ns

	12
	30
	4.32
	0.231 us
	0.26 us = 260 ns



If it is desired to reduce the TA command granularity, then the PRACH timing estimation needs to be improved. For example, if it is desired to halve the TA command granularity, then the PRACH bandwidth need to be doubled, i.e., specifying a new PRACH for time synchronization purpose. Alternatively, new procedure can be specified that the TA command is not generated based on PRACH, but based a different UL RS (i.e., SRS), where the SRS is provided with the wider bandwidth.

For SCS = 15 kHz and SCS = 30 kHz, if TA command indication granularity needs to be reduced, then the UL signal needs to be enhanced correspondingly to allow enhanced timing detection at the gNB.
For enhanced TA command indication granularity, a wide bandwidth SRS needs to be configured for TA estimation.

2.1.4	Granularity for Rel-16 IAB based on the Timing Delta MAC CE
In the LS [1], there is a statement referring to IAB and the Timing Delta MAC CE, e.g:
“(e.g. reduced to (1/16)* (16*64*Tc/2µ), similar as the granularity for Rel-16 IAB based on the Timing Delta MAC CE)” .
In our understanding, the granularity of Timing Delta MAC CE for IAB is not comparable to the TA indication granularity. One difference is that IAB nodes are stationary and subject to less dynamic channel variations, moreover, there are no restrictions on characteristics of related reference signals for OTA-S. It was decided in standard that T_delta resolution should not be the bottle neck, for accurate over the air sync (OTA-S). The overhead will anyway be small for the IAB case since we do not have to signal often (due to the stable channel). Again, this was the root cause for IAB T-delta resolution and explains the difference (and relation to Observation 3 and 4).
2.2	Draft LS Reply
Questions 1 and 2 in the LS refer to improvements of the Te and the TA command indication granularity (i.e., ) in the analysis above. However since for SCS = 15 kHz  and SCS = 30 kHz we get:
		(SCS = 15 kHz)
		(SCS = 30 kHz)
when . This means that no improvement of Te and TA command indication granularity () will ever meet the Control-to-Control time synchronization error budget for single UU interface. 
Specifically, for Question 2, regarding the feasibility to introduce enhanced TA command indication granularity, we cannot arbitrarily reduce TA command granularity without introducing new UL RS for gNB detection. 
Overall, considering both DL timing detection (corresponding to Te) and UL timing detection (corresponding to TA command indication granularity):
· [bookmark: _Hlk85741317]Both DL RS and UL RS have to be changed to new ones (PRS or TRS for DL, SRS for UL) for the TA-based method to work. 
· This leads to a brand new protocol, with little resemblance to the existing TA protocol.
· This requires RAN4 to develop brand new tables for the accuracy requirements of both DL and UL. 
We therefore propose the following LS reply:
Question 1: Is it feasible to support a smaller value than the current Te for the use of propagation delay compensation, assuming the existing conditions in TS 38.133 for Te requirement? If not, is it feasible under new conditions (e.g. using TRS instead of SSB)? If the answer is yes, please also provide feedback on how much it can be reduced at most. 
[bookmark: _Hlk84950072]Question 2: Is it feasible to introduce enhanced TA command indication granularity? If the answer is yes, please also provide feedback on how much it can be reduced at most (e.g. reduced to (1/16)* (16*64*Tc/2), similar as the granularity for Rel-16 IAB based on the Timing Delta MAC CE) and related condition.
Answer: No improvement of Te and TA command indication granularity will meet the Control-to-Control time synchronization error budget for single UU interface. The analysis can be found in R4-2118266 [This tdoc].
Both DL RS and UL RS have to be changed to new ones (PRS or TRS for DL, SRS for UL) for the TA-based method to work. This leads to a brand new protocol, with little resemblance to the existing TA protocol.
[bookmark: _Toc61914533][bookmark: _Toc68639877][bookmark: _Toc83766238]Send reply LS to RAN1 stating that no improvement of Te and TA command indication granularity will meet the Control-to-Control time synchronization error budget for single UU interface. 
3	Summary
Observation 1: 	With the existing Te and TA command granularity values, for both SCS = 15 kHz and 30 kHz, the TA-based method cannot satisfy the Uu interface time synchronization accuracy for the control-to-control scenario.
Observation 2: 	For SCS = 15 kHz and SCS = 30 kHz, with the TA-based method, it is not possible to reduce Te and TA command granularity values to satisfy the Uu interface time synchronization accuracy for the control-to-control scenario.
Observation 3:	For SCS = 15 kHz and SCS = 30 kHz, if TA command indication granularity needs to be reduced, then the UL signal needs to be enhanced correspondingly to allow enhanced timing detection at the gNB.
Observation 4:	For enhanced TA command indication granularity, a wide bandwidth SRS needs to be configured for TA estimation.
Observation 5:	Both DL RS and UL RS have to be changed to new ones (PRS or TRS for DL, SRS for UL) for the TA-based method to work. This leads to a brand new protocol, with little resemblance to the existing TA protocol.
Proposal 1:	Send reply LS to RAN1 stating that no improvement of Te and TA command indication granularity will meet the Control-to-Control time synchronization error budget for single UU interface. 
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Appendix A
Assuming AGWN channel, the timing estimation requirements of PRACH detection at gNB is specified in TS 38.104, as shown below.
Table 8.4.2.1-1: Time error tolerance for AWGN and TDLC300-100
	PRACH
	PRACH SCS
	Time error tolerance

	preamble
	(kHz)
	AWGN
	TDLC300-100

	0
	1.25
	1.04 us
	2.55 us

	A1, A2, A3, B4,
	15
	0.52 us
	2.03 us

	C0, C2
	30
	0.26 us
	1.77 us
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