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Introduction
RAN4 has received an LS [1] from RAN1 discussion about TA-band propagation delay compensation: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. 
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/2m), 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.

From RAN1 #106b-e,  another LS [2] is sent from RAN1 to RAN2 and cc RAN4, it updates the latest agreement for the PDC error budget evaluation method Agreement (Note: Working assumption from RAN1#104b-e and agreements from RAN1#106b-e are merged)
For evaluation of the overall time synchronization error for TA-based propagation delay compensation,
· Alt.1 for TA-based PDC



The UE and gNB receiving timing detection errors  and  are updated in RAN1 #106b-e [3]Agreement 
For evaluation and comparison of enhanced TA-based PDC and RTT-based PDC, the timing detection error = 0.5/(RS BW) = 0.5/(N_PRB*12*SCS) can be used to achieve  and , if needed in the evaluation equation separately, where N_PRB is the number of PRBs of the RS bandwidth used in the detection by UE and gNB, respectively.
· Note: Detection error achieved by evaluations is not precluded if available. 



Based on the above information, this paper will try to address the questions in this RAN1 LS.
Discussion
 TA Granularity
To better answer Question 1, we address Question 2 first. Regarding the feasibility of reducing TA command granularity, we understand that the minimum TAC granularity is determined by the UE maximum UL bandwidth and the minimum TAC granularity is 1/(). For the desired SCS 15kHz and 30kHz, since the maximum single-cell UL bandwidths are 50MHz and 100MHz respectively, the TA command granularity can be at most reduced to 20ns and 10ns respectively. And therefore the suggested TA granularities of Ts and Ts/2 are feasible.
At most the TA command granularity can be reduced to 20ns and 10ns for SCS 15kHz and 30kHz respectively. And it is feasible to have TA command granularity as (1/16)* (16*64*Tc/ for SCS 15kHz and 30 kHz. 
Te
Give by [4] the synchronicity budget per Uu interface for each considered scenario is 
Table 1 Synchronicity budget per Uu interface
	Scenario
	Single Uu interface Budget

	Control-to-Control
	±145ns to ±275ns

	Smart Grid
	±795ns to ±845ns



It is agreed in RAN1 that propagation delay compensation based on existing Rel-15/Rel-16 TA procedure and associated granularity can satisfy the error budget for the smart grid but not for the control-to-control. We will then only evaluate Te with the max control to control budget 275ns.
In this contribution, we will treat Te as consisting of two parts, a DL receiving timing detection error and a margin that captures various UE margins related to applying TA to its UL transmission chain. We may therefore write Te   + .
Our analysis will start deriving the unknown component of Te, the . It is given from 38.133 that Te applies with an SSB being available (from the gNB side). The Te margin is therefore isolated in Table 2. 
Table 2 Current Te components
	SCS
	SSB bandwidth
	Te
	Detection error
()
	Te margin
()

	15kHz
	3.6MHz
	391ns
	139ns
	252ns

	30kHz
	7.2MHz
	260ns
	69ns
	191ns



The first question in the LS from RAN4 asks whether it is feasible to support a smaller Te with the current specified conditions from 38.133. The answer to this is clearly that it depends on the Te margin, which will require further discussion in RAN4. 
Observation 2: Te can only be enhanced with the existing conditions in TS 38.133 if the margin components of Te are addressed, which require further discussion in RAN4.  
The second question within Question 1 is whether Te can be enhanced if the existing conditions are changed, e.g. TRS is used instead of SSB. For the sake of the analysis, we will check the following three sets of conditions;
A. Existing conditions from 38.133.
B. New conditions where the SSB condition is replaced with a TRS presence condition (maximum supported DL bandwidth assumed)
C. New condition, on top of B, where also the maximum supported UL bandwidth is assumed to be used for PDC. 
The error component assumptions can be found in Table 3 and the achieved performance with evaluation method Alt. 1 for these set of conditions can be found in Table 4. For all condition sets we use the suggested feasible TAC granularity from the previous section of this contribution which is (1/16)* (16*64*Tc/2m). Also common for all condition sets is error_BS,DL,TX  = 65ns. For condition sets B and C we use the maximum supported DL bandwidth to stress the TRS presence conditions and for condition set C we use the maximum supported UL bandwidth. The maximum UL and DL bandwidth is 50MHz for SCS 15kHz and 100MHz for SCS 30kHz. It can also be noted that if the Te margin is not changed, but the DL detection error part is set to the maximum supported DL bandwidth that would give the lower feasible bound of Te. This would then be 252ns (existing Te margin) + 10ns (50MHz DL BW) for 15 kHz SCS and 191ns (existing Te margin) + 5ns (100MHz DL BW) for 30kHz SCS, respectively.
1. The lower bound of Te without reducing the Te margin is 262ns and 196ns for 15 kHz and 30kHz respectively, assuming maximum supported DL bandwidth available.
[bookmark: _Ref85788992]Table 3. Error element assumptions for A. Existing 38.133 conditions, B. New conditions with Max DL BW and C. New conditions with Max DL BW and max UL BW.
	
	Error element 
	15kHz SCS 
UL/DL BW [ns]
	30kHz SCS 
UL/DL BW [ns]

	Common elements
	error_BS,DL,TX
	65 ns
	65 ns

	
	error_TAindication
	16.288 ns
Ts/2
	8.144 ns
Ts/4

	A. Existing conditions
	error_UE,DL,RX
	139ns
3.6MHz (DL)
	69ns
7.2MHz (DL) 

	
	error_BS,UL,RX
	100ns
5MHz (UL)
	100 ns
5MHz (UL)

	
	Te (same margin and SSB BW)
	391ns
	260ns

	B. New conditions with max DL BW
	error_UE,DL,RX
	10ns
50MHz (DL)
	5ns
50MHz (DL)

	
	error_BS,UL,RX
	100ns
5MHz (UL)
	100ns
5MHz (UL)

	
	Te (same margin and max DL BW)
	262ns
	196ns

	C. New conditions with max DL and UL BW
	error_UE,DL,RX
	10ns
50MHz (DL)
	5ns
100MHz (DL)

	
	error_BS,UL,RX
	10ns
50MHz (UL)
	5ns
100MHz (UL)

	
	Te (same margin and max DL BW)
	262ns
	196ns



[bookmark: _Ref85789372]Table 4. Achieved time synchronization error budget with condition set A, B and C.
	Condition set
	Alt. 1, TAbased [ns]

	
	15kHz SCS UL/DL
	30kHz SCS UL/DL

	A. Existing conditions
	490ns
	351ns

	B. New conditions with max DL BW
	297ns
	255ns

	C. New conditions with max DL and UL BW
	252ns
	207ns



The performance result from Table 4 is translated to a required new Te in Table 5 in order to meet the 275ns budget. Here we observe that with the existing conditions, for 15 kHz SCS the budget cannot be met even with Te = 0ns, but for 30kHz SCS, if Te is reduced to 108ns, the budget can be met. This is would require a Te margin (error_Te,margin) of maximum 39ns, i.e. a reduction of 80% compared to the existing Te margin. For condition set B, 30kHz SCS can meet the budget already, but for 15 kHz SCS, a Te of maximum 219ns is needed which corresponds to a Te margin of maximum 209ns or a 17% reduction of Te margin. For condition set C, the budget can be met for both 15 KHz and 30 kHz SCS. 
[bookmark: _Ref85789673]Table 5. Required new Te and Te margin (error_Te,margin) with condition set A, B and C.
	 Condition set
	Required new Te to satisfy the budget [ns]

	
	15kHz SCS UL/DL
	30kHz SCS UL/DL

	A. Existing conditions
	NA 
(Target can not be satisfied even with Te = 0ns)
	108ns
(Te margin  39ns (80% reduction needed))

	B. New conditions with max DL BW
	219ns

(Te margin  209ns (17% reduction needed))
	236ns
(Reduction of Te with new DL BW is sufficient. No need to change Te margin)

	C. New conditions with max DL and UL BW
	309ns
(Reduction of Te with new DL BW is sufficient. No need to change Te margin)
	331ns 
(Reduction of Te with new DL BW is sufficient. No need to change Te margin)



Te with the existing conditions from 38.133 cannot be used to achieve the targetd error budget. 
With a condition on the presence of a TRS with maximum DL bandwidth, a Te of 219ns is needed to meet the error budget, which can be met with a 209ns Te margin, i.e. requires an 11% reduction of the existing Te margin.
With a condition on the presence of a TRS with maximum DL bandwidth and an UL signal with maximum UL bandwidth, Te can be sufficiently reduced to meet the error budget without changing the Te margin. 
Based on the above observations, it is clear that RAN4 needs to further discuss how much this Te margin can be reduced in case a UL signal is not configured, which will require input from particular the UE vendors as the margin is effectuated at the UE.
  RAN4 to discuss what are minimum values for Te margin (Te without DL detection error). 
Reply LS to RAN1 the following:
· Question 1: Based on our current understanding of Te it consists of at least two parts; a DL detection part, and a margin for the UE. With the existing conditions of Te from 38.133, there is no feasible way to reduce the DL detection part of Te, and RAN4 needs to further discuss the smallest Te margin values. If however the conditions are changed to require that the gNB makes a TRS reference signal available for the UE, then Te can be reduced. The minimum value of Te with unchanged Te margin in this case is 252ns (existing Te margin) +10ns (50MHz DL BW) for 15 kHz SCS and 191ns (existing Te margin) + 5ns (100MHz DL BW) for 30kHz SCS, respectively. 

· Question 2: At most the TA command granularity can be reduced to 20ns and 10ns for SCS 15kHz and 30kHz respectively. Anything less is just signaling overhead. And it is feasible to have TA command granularity as (1/16)* (16*64*Tc/ for SCS 15kHz and 30 kHz.
Conclusion
Based on our discussion, we have the following observations and proposals:
1. At most the TA command granularity can be reduced to 20ns and 10ns for SCS 15kHz and 30kHz respectively. And it is feasible to have TA command granularity as (1/16)* (16*64*Tc/ for SCS 15kHz and 30 kHz. 
Te can only be enhanced with the existing conditions in TS 38.133 if the margin components of Te is addressed, which require further discussion in RAN4.  
The lower bound of Te without reducing the Te margin is 262ns and 196ns for 15 kHz and 30kHz respectively, assuming maximum supported DL bandwidth available.
Te with the existing conditions from 38.133 cannot be used to achieve the targetd error budget. 
With a condition on the presence of a TRS with maximum DL bandwidth, a Te of 219ns is needed to meet the error budget, which can be met with a 209ns Te margin, i.e. requires an 11% reduction of the existing Te margin.
With a condition on the presence of a TRS with maximum DL bandwidth and an UL signal with maximum UL bandwidth, Te can be sufficiently reduced to meet the error budget without changing the Te margin. 
1.   RAN4 to discuss what are minimum values for Te margin (Te without DL detection error). 
Reply LS to RAN1 the following:
· Question 1: Based on our current understanding of Te it consists of at least two parts; a DL detection part, and a margin for the UE. With the existing conditions of Te from 38.133, there is no feasible way to reduce the DL detection part of Te, and RAN4 needs to further discuss the smallest Te margin values. If however the conditions are changed to require that the gNB makes a TRS reference signal available for the UE, then Te can be reduced. The minimum value of Te with the existing Te margin in this case is 252ns (existing Te margin) +10ns (50MHz DL BW) for 15 kHz SCS and 191ns (existing Te margin) + 5ns (100MHz DL BW) for 30kHz SCS, respectively. 

· Question 2: At most the TA command granularity can be reduced to 20ns and 10ns for SCS 15kHz and 30kHz respectively. Anything less is just signaling overhead. And it is feasible to have TA command granularity as (1/16)* (16*64*Tc/ for SCS 15kHz and 30 kHz.
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1. Overall Description:
 RAN1 sends the LS to RAN4 asking the questions about UE UL transmit timing requirement Te and the TA command granularity: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. 
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/2m), 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.


RAN4 has the following responses: 	
For Question 1: 
Based on our current understanding of Te it consists of at least two parts; a DL detection part, and a margin for the UE. With the existing conditions of Te from 38.133, there is no feasible way to reduce the DL detection part of Te, and RAN4 needs to further discuss the smallest Te margin values. If however the conditions are changed to require that the gNB makes a TRS reference signal available for the UE, then Te can be reduced. The minimum value of Te with the existing Te margin in this case is 252ns (existing Te margin) +10ns (50MHz DL BW) for 15 kHz SCS and 191ns (existing Te margin) + 5ns (100MHz DL BW) for 30kHz SCS, respectively. 

For Question 2: 
At most the TA command granularity can be reduced to 20ns and 10ns for SCS 15kHz and 30kHz respectively. Anything less is just signaling overhead. And it is feasible to have TA command granularity as (1/16)* (16*64*Tc/ for SCS 15kHz and 30 kHz.

2. Actions:
To RAN 1 group: RAN4 respectfully asks RAN1 to take above information into consideration.

3. Next RAN4 Meetings:
RAN4#101-bis-e	17 - 25 January		Online
RAN4#102e	21 February – 2 March 		Online
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