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[bookmark: _Ref85728113]Introduction
Rel-17 WI of IIoT/URLLC has following objective on support of time synchronization:
	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]


RAN2 agreed the single Uu interface synchronicity error budget as in table below [1]. 
	Scenario
	Single Uu interface Budget

	Control-to-Control
	±145ns to ±275ns

	Smart Grid
	±795ns to ±845ns


In RAN1 #104bis-e, it was agreed the PDC does not need further RAN1 enhancements to satisfy the above Uu interface error budget for smart-grid scenario. 
In this contribution, we further analyze the existing PDC solutions for the control-to-control scenario, including explicit PDC (TA-based PDC and RTT-based PDC) and implicit PDC [2], where explicit PDC relies on explicit estimation and compensation of propagation delay while implicit PDC does not.
Comparison of PDC solutions
Comparison of explicit PDC and implicit PDC
For explicit PDC, the principle of propagation delay compensation is given in Figure 1. 
[image: explicit-PDC.gif]
[bookmark: _Ref85725425]Figure 1 Explicit PDC (incl. TA-based & RTT-based)
In Figure 1, the gNB clock and UE clock at the same moment of t, i.e., clkBS(t) and clkUE(t), after UE reception of k-th SIB9 ReferenceTimeInfo, satisfy , where PD is the one-way propagation delay. Accordingly, the UE can estimate  as
                                (1)
Note that “PD” in (1) is the delay terminating at the reference point where PDC is performed, i.e., where the SFN clock time is referenced. According to RAN1/RAN2 spec, this time reference does not occur at antenna connector. 
Observation-1:  What needs to be compensated in PDC is the propagation delay that takes the same time reference as SFN timing contained in ReferenceTimeInfo, not necessarily the propagation delay estimated at antenna connector for positioning purpose. 
Following equation (1), the corresponding clock sync error for explicit PDC is given by
                                          (2)
where 
·  and  are the SFN timing measurement errors for  and , respectively. 
·  is the one-way propagation delay estimation error (again, the error at the reference point where the SFN time reference applies). 
·  is the quantization error in ReferenceTimeInfo carrying <>, i.e., equal to 5ns in current NW-side error budget.
For implicit PDC, the principle of propagation delay compensation is given in Figure 2. 
[image: ]
[bookmark: _Ref85727104]Figure 2 Implicit PDC 
In Figure 2, the gNB clock (clkBS(t)) and UE clock (clkUE(t)) at the same moment of t, after UE reception of the UE-specific RRC in figure (corresponding to k=1) or a follow-up SIB9 ReferenceTimeInfo (corresponding to k=2,3…), satisfy , assuming the DL PD equals to UL PD which is also the assumption in one-way propagation delay estimation in explicit PDC. This means the UE can estimate  as
                         (3)
Note that , i.e., the clock difference between gNB and UE, is exactly what we defined in our earlier contributions[2] [3].  The corresponding clock sync error for implicit PDC is given by
                       (4)
where   is the quantization error in carrying  and .
·  and  are the SFN timing measurement errors for  and , respectively, i.e., the same as for explicit PDC. 
·  and  are timing measurement errors for  and , respectively, associated with the SRS transmission.  
·  is the quantization error in RRC signaling carrying  and .
The comparison between  in (2) and  in (4) shows: 
· The accuracy of explicit PDC relates to errors of six timing measurements, including two measurements giving  and , and four timing measurements in deriving PD; while the accuracy of implicit PDC relates to errors of four timing measurements, including , ,  and . 
· The errors associated with  and  have coefficients of 1 for explicit PDC and coefficient of ½ for implicit PDC.     
We further have

where the inequality of “>0” comes from the fact that the one-way propagation delay estimation on PD would use the timing measurements whose errors correspond to  and  (Remember PD takes the same time reference as the local clock in both Figure 1 and Figure 2, and the  and  are associated with UL-SRS in Figure 2 --- the same type of UL-RS that could be used in PD estimation in Figure 1). In general,  can be lower-bounded by , we can have
             (5)
where  is the total DL Tx/Rx timing error associated with the DL transmission (e.g., SIB9) that helps UE to determine the SFN timing, and  is the total DL Tx/Rx timing error associated with the DL transmission used in one-way delay estimation. 
Observation 2: The synchronization error of implicit PDC on Uu-interface can be evaluated as 

This error is smaller than that of explicit PDC, if the same assumptions are made between the two methods for the following timing error components
· UL Tx/Rx timing errors associated with SRS transmission; and
· DL Tx/Rx timing errors associated with DL transmission containing ReferenceTimeInfo IE; and
· time granularity in ReferenceTimeInfo IE.    
Unfortunately, although the implicit PDC has both performance benefit and easy implementation advantage comparing to explicit PDC, it has not been put into RAN1 official discussions since it was proposed in RAN1 #104bis-e. Its chance of being a PDC solution is manipulated to be low. 
The evaluations in this contribution assume the following bandwidths defined in TS38.101.
Table 1 Maximum transmission bandwidth in number of RBs
	
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	SCS=15kHz
	25
	52
	79
	106

	SCS=30kHz
	11
	24
	38
	51



Evaluation of TA-based PDC
The total synchronization error in equation (2) needs to meet the error budget of 280ns (if  is included in (2)) or 275ns (if  is removed from (2)). The following analysis for explicit PDC assumes the budget of 275ns with  removed from (2), in order to keep consistency with earlier RAN1 work. 
For TA-based PDC, RAN1 agrees the Alt-1 error formula that was generated from the following
                       (6)
where  with µ=0 for 15kHz SCS and µ=1 for 30kHz SCS. Although the equation (6) is subject to an upper-bound condition of  , it was argued in earlier meetings that this upper-bound is too generous and can be obsolete due to application of other tighter upper-bounds, e.g., assuming CSI-RS/TRS is used to assist the timing detection. RAN1 agreed to add TRS configuration specifically for TA-based PDC if an enhanced RS-dependent Te is supported. However, in our view, the transmission of the SRS and TRS can be based on existing RS configuration in current specification, without a need to define new configurations specifically for PDC purpose. To be more specific, 
· gNB configures a list of SRS signals in SRS-Config (contained in BWP-UplinkDedicated), and uses any subsets of the received SRS to check alignment of UL-Rx timing. Whether there is certain SRS specifically for PDC purpose could be transparent to UE. 
· gNB configures one or more TRS signals, one in each NZP-CSI-RS-ResourceSet, in IE of CSI-MeasConfig contained in ServingCellConfig. It is up to UE implementation to use the TRS with the largest configured bandwidth, or the CSI-RS (but not TRS) with the largest configured bandwidth, or the combination of both plus even additionally the other configured CSI-RS and/or any other DL-RS (if transmitted in the same radio frame) to detect the DL-Rx timing. The gNB does not need to assign a specific TRS that UE should exclusively use for TA-based PDC purpose. Some of those DL-RS may even be transmitted in the same radio frame as SIB9 that carries ReferenceTimeInfo to improve the SFN timing detection accuracy, without introducing additional specification changes (at least in RAN1/RAN2). 
Observation 3: The existing specification does not prevent gNB and UE from using the CSI-RS/TRS and any other DL-RS to improve the DL-Rx timing detection accuracy. 
· There is no need to have PDC-specific DL/UL RS configuration for TA-based PDC. 
· The error performance of TA-based PDC can leave existing Te requirement unchanged, since Te is an upper-bound used by spec for “TA control” purpose and does not prevent UE from performing better by using DL-RS in “TA measurement”. Therefore, RAN4’s response on potential Te enhancement is not relevant to RAN1’s evaluation that uses DL-RS to improve TA interval measurement. 
[bookmark: _Ref86001478]The evaluations for TA-based PDC are summarized in Table 1, based on the RAN1-agreed evaluation formula  for timing detection error. However, the use of such formula may be subject to the applicability of certain channel conditions, such as SINR and fading profile, which RAN1 did not clarify.
Table 2 Evaluation of TA-based PDC
	
	Errors with SFN timing (ns)
	Errors in one-way propagation delay (ns)
	Total sync error (ns)

	
	
	
	
	
	
	
	
	

	SCS=15kHz, 25RB
	65
	100
	>0
	>0
	130.2
	>275

	SCS=15kHz, 52RB, SIB9 along w/ DL-RS
	65
	
	
	
	130.2
	302>275

	SCS=15kHz, 79RB, SIB9 along w/ DL-RS
	65
	
	
	
	130.2
	

	SCS=15kHz, 106RB, SIB9 along w/ DL-RS
	65
	
	
	
	130.2
	

	SCS=30kHz, 11RB,
	65
	100
	
	
	65.1
	>275

	SCS=30kHz, 24RB, SIB9 along w/ DL-RS
	65
	
	
	
	65.1
	

	SCS=30kHz, 51RB
	65
	100
	
	
	65.1
	

	SCS=30kHz, 51RB, SIB9 along w/ DL-RS
	65
	
	
	
	65.1
	


The following observation can be made from Table 1. 
Observation 4: Under the existing specification and the RAN1-agreed evaluation assumptions,
· At least for “SCS=15kHz, BW≤10MHz” and “SCS=30kHz, BW≤5MHz”, TA-based PDC cannot meet the 275ns error budget. 
· For “SCS=15kHz, BW≥15MHz” and “SCS=30kHz, BW≥10MHz”, TA-based PDC may be able to meet the 275ns budget, depending on channel conditions and implementation margins such as Y (in gNB) and δ (in UE), and conditioned on that the DL SFN timing detection is based on full-bandwidth DL-RS (e.g. CSI-RS).    
Evaluation of RTT-based PDC
For RTT-based PDC, RAN1 agrees the following error formula with an assumption that the issue of inconsistent RTT measurements between gNB and UE would be handled in certain way so that its effect would not be brought into this error formula.  
                  (7)
where   for 0≤k≤5. It means .
	10.1.25.2	Measurement Accuracy Requirements
The UE Rx-Tx time difference measurement accuracy requirements in this clause shall not apply, if:
NTA_offset defined in Table 7.1.2-2 changes during the UE Rx-Tx measurement period or
if the uplink transmission timing changes during the UE Rx-Tx measurement period due to the network-configured Timing Advance.
FFS: whether UE Rx-Tx time difference measurement accuracy requirements in this clause shall also apply if the uplink transmission timing changes during the UE Rx-Tx measurement period due to the autonomous timing adjustment defined in clause 7.1.2.


There should have been another error component in (7), caused by inconsistent RTT measurements between gNB and UE, where the inconsistency means the PD estimation of  not only contains one-way propagation delay, but also a change of UL-Tx timing on UE side due to either an explicit TA command or UE autonomous adjustment [3]. In the last RAN1 meeting there was argument against this additional error component, stating that the UE implementation of filtering may average out this error effect. We disagree with this argument. UE implementation may indeed have certain filtering of RTT measurements, which however does not necessarily mean the filtering would run across over a TA interval change that UE knows to occur. The following RAN4 specification seems to target the corresponding freedom in UE implementation:
In general, 
· It is likely for UE implementation to reset the filtering between TA(t1)=x and TA(t2)=x+Δ if they know TA(t1) and TA(t2) are deemed to be unequal by a difference Δ. The error calculation should take into account the worst case, where the change of TA could be closely before UE receives gNB-side Rx-Tx time difference so that no additional TA samples are fed into filtering. 
· Even if the filtering can run across the point of TA change, the filtering constructions such as filter type and tap coefficients can be implementation dependent. The latest TA sample fed into the filter could have largest weight and therefore have somehow dominant impact to the filtering output. 
· If UE performs nearly-equal-weight averaging/filtering without reset in a long run, we may question the accuracy of PD compensation, where the estimated PD is long-term average while the SFN frame timing to be compensated is somehow instantaneous.     
[bookmark: _GoBack]For the evaluation of Δ, 
· If Δ is caused by a TA command, Δ can be as low as one TA command granularity equal to . So  is 260ns for SCS=15kHz and 130ns for SCS=30kHz. This error can happen if gNB does not intentionally delay the on-demand TA adjustment for a sufficient filtering duration. 
· If Δ is caused by UE autonomous adjustment, Δ can be as large as  defined in 38.133.   in FR1. So  is 89.5ns. This error happens given gNB cannot be made aware of when UE autonomous adjustment occurs. 
In order to completely remove the error component of ∆/2, it was proposed to make gNB and UE to use the same pair of DL transmission (associated with PRS/TRS) and UL transmission (associated with SRS) for Rx-Tx time difference measurements. If no solution can be agreed to remove ∆/2, this error should be put back into evaluation formula for RTT-based PDC. 
Observation 5: With no solution to handle inconsistent Rx-Tx time difference measurements between gNB and UE, the evaluation of RTT-based PDC should consider an additional error component as small as 89.5ns and as large as 260ns for 15kHz SCS and 130ns for 30kHz SCS. 
Another issue in the evaluation of RTT-based PDC is the additional error counting due to the use of more realistic channel fading profile. RAN1 agreed to take RAN4-defined Rx-Tx time difference accuracy requirements as references; however, those RAN4 requirements are derived under the following assumptions:
· TDL-A channel model with delay spread of 30ns for UE-side Rx-Tx time difference;
· AWGN channel model for gNB-side Rx-Tx time difference. 
· The gNB/UE Rx timing accuracy is evaluated per 90%-ile of CDF, meaning about 10% of chance the sync error would be worse.  
AWGN and delay spread of 30ns can only cover limited channel conditions with zero or short delay spread, according to following table from TS 38.901. Further, the analysis in Appendix A shows the indoor factory scenario studied in 3GPP channel modeling can have the mean of delay spread up to 133ns.  
Table 7.7.3-1 in TR 38.901: Example scaling parameters for CDL and TDL models.
	Model
	DSdesired

	Very short delay spread
	10 ns

	Short delay spread
	30 ns

	Nominal delay spread
	100 ns

	Long delay spread
	300 ns

	Very long delay spread
	1000 ns



Observation 6: In RTT-based PDC evaluation, gNB/UE Rx-Tx time difference accuracy considered for control-to-control case needs to at least allow the delay spread of 133ns. The more general scenario supported by PDC needs to allow even larger delay spread.  
For the RTT-based PDC evaluation in Table 3, both gNB/UE Rx-Tx time differences are derived based on 100ns delay spread. 
·  is estimated as (value defined in Table 10.1.25.2-2 of 38.133, assuming DS=30ns) + (accuracy offset between TDL-A 30ns and TDL-B 100ns, as obtained in Appendix B). 
·  is estimated as (value defined in Table 13.2.2.2-1 of 38.133, assuming AWGN) + (accuracy offset between AWGN and TDL-A 30ns, as obtained from difference between Table 10.1.25.2-1 and Table 10.1.25.2-2 of 38.133) + (accuracy offset between TDL-A 30ns and TDL-B 100ns, as obtained in Appendix B).
[bookmark: _Ref86097879]Table 3 Evaluation of RTT-based PDC
	
	Errors with SFN timing (ns)
	Errors in one-way propagation delay (ns)
	Total sync error (ns)
(excluding ∆/2
	Total sync error (ns)
(including ∆/2

	
	
	
	 (DS=100ns)
	 (DS=100ns)
	
	
	
	

	SCS=15kHz, 25RB
	65
	100
	
	
	4.1
	89.5
	>275
	>275

	SCS=15kHz, 52RB, SIB9 along w/ DL-RS
	65
	
	
	
	4.1
	89.5
	
	>275

	SCS=15kHz, 79RB, SIB9 along w/ DL-RS
	65
	
	
	
	4.1
	89.5
	
	

	SCS=15kHz, 106RB, SIB9 along w/ DL-RS
	65
	
	
	
	4.1
	89.5
	
	

	SCS=30kHz, 11RB,
	65
	100
	
	
	4.1
	89.5
	>275
	>275

	SCS=30kHz, 24RB, SIB9 along w/ DL-RS
	65
	
	
	
	4.1
	89.5
	
	

	SCS=30kHz, 38RB, SIB9 along w/ DL-RS
	65
	
	
	
	4.1
	89.5
	
	

	SCS=30kHz, 51RB
	65
	100
	
	
	4.1
	89.5
	
	>275

	SCS=30kHz, 51RB, SIB9 along w/ DL-RS
	65
	
	
	
	4.1
	89.5
	
	



Observation 7: The RTT-based PDC evaluation shows that, for some given channel conditions,
· If inconsistent RTT measurements between UE and gNB do not happen, RTT-based PDC can meet 275ns error budget for BW no smaller than 10MH and for both 15kHz and 30kHz SCS. 
· If inconsistent RTT measurements between UE and gNB can happen at least due to UE autonomous adjustment, RTT-based PDC can meet 275ns error budget for BW no smaller than 20MHz for both 15kHz and 30kHz SCS, conditioned on that the DL SFN timing detection is based on full-bandwidth DL-RS (e.g.,CSI-RS).
Evaluation of implicit PDC
The evaluation for implicit PDC based on equation (4) is given in Table 4, where the most generous upper-bound of  is applied to BW≥5MHz for both SCS=15kHz and SCS=30kHz. For BW=5MHz and SCS=15kHz, additional assumption of SFN boundary timing detection based on DL-RS also allows more accurate timing evaluation, as noted as “Evaluation method 2” and “Evaluation method 3” in Table 4.  
[bookmark: _Ref86407966]Table 4 Evaluation of implicit PDC
	SCS
	BW
	Errors with SFN timing (ns)
	Errors with UL SRS transmission (ns)
	Quantization error in signaling
	Total sync error (ns)
(against 280ns budget)

	
	
	
	
	
	
	
	

	15kHz
	5MHz (25RB, Evaluation method 1)
	32.5
	
	50
	≤ 2.2
	≤280

	
	5MHz (25RB, Evaluation method 2, SIB9 along w/ DL-RS)
	32.5
	
	
	5
	

	
	5MHz (25RB, Evaluation method 3, SIB9 along w/ DL-RS)
	32.5
	=
	=
	5
	

	
	≥10MHz (52RB)
	32.5
	
	
	5
	

	30kHz
	Any BW≥5MHz
	32.5
	
	50
	5
	≤217.7


Observation 8: The evaluation for implicit PDC shows that,
· In case BW≥10MHz for 15kHz SCS and BW≥5MHz for 30kHz SCS, implicit PDC can meet Uu-interface error budget, without requiring full-bandwidth DL-RS being used in SFN boundary timing detection as well as the timing granularity enhancement in ReferenceTimeInfo. 
· In case BW=5MHz for 15kHz SCS, implicit PDC is still able to meet Uu-interface error budget, if either of the following two conditions is satisfied: 
· A full-bandwidth DL-RS can be used for SFN boundary timing detection. 
· The time granularity in high-layer signaling carrying clock time, e.g., the ReferenceTimeInfo IE, is enhanced from 10ns to no larger than 4.4ns.       
Some example of RAN2 specification impact due to implicit PDC is given in Appendix C. We do not expect any other specification impacts in RAN1 and RAN4. Although it could be necessary in some conditions for UE to use full-bandwidth DL-RS such as CSI-RS/TRS to improve SFN frame timing detection, we think this UE behavior can be left to UE implementation as long as the gNB makes the right DL-RS configuration for PDC purpose – what UE needs to do is to use all available DL-RS, or a best subset of them upon UE’s decision (e.g., per largest RS BW), that are around desired SFN frame in time. There seems no need to define DL-RS exclusively for PDC purpose.      
Conclusions
This contribution provides the following observations:
Observation-1:  What needs to be compensated in PDC is the propagation delay that takes the same time reference as SFN timing contained in ReferenceTimeInfo, not necessarily the propagation delay estimated at antenna connector for positioning purpose. 
Observation 2: The synchronization error of implicit PDC on Uu-interface can be evaluated as 

This error is smaller than that of explicit PDC, if the same assumptions are made between the two methods for the following timing error components
· UL Tx/Rx timing errors associated with SRS transmission; and
· DL Tx/Rx timing errors associated with DL transmission containing ReferenceTimeInfo IE; and
· time granularity in ReferenceTimeInfo IE.    
For evaluation of TA-based PDC:
Observation 3: The existing specification does not prevent gNB and UE from using the CSI-RS/TRS and any other DL-RS to improve the DL-Rx timing detection accuracy. 
· There is no need to have PDC-specific DL/UL RS configuration for TA-based PDC. 
· The error performance of TA-based PDC can leave existing Te requirement unchanged, since Te is an upper-bound used by spec for “TA control” purpose and does not prevent UE from performing better by using DL-RS in “TA measurement”. Therefore, RAN4’s response on potential Te enhancement is not relevant to RAN1’s evaluation that uses DL-RS to improve TA interval measurement. 
Observation 4: Under the existing specification and the RAN1-agreed evaluation assumptions,
· At least for “SCS=15kHz, BW≤10MHz” and “SCS=30kHz, BW≤5MHz”, TA-based PDC cannot meet the 275ns error budget. 
· For “SCS=15kHz, BW≥15MHz” and “SCS=30kHz, BW≥10MHz”, TA-based PDC may be able to meet the 275ns budget, depending on channel conditions and implementation margins such as Y (in gNB) and δ (in UE), and conditioned on that the DL SFN timing detection is based on full-bandwidth DL-RS (e.g. CSI-RS).    
For evaluation of RTT-based PDC:
Observation 5: With no solution to handle inconsistent Rx-Tx time difference measurements between gNB and UE, the evaluation of RTT-based PDC should consider an additional error component as small as 89.5ns and as large as 260ns for 15kHz SCS and 130ns for 30kHz SCS. 
Observation 6: In RTT-based PDC evaluation, gNB/UE Rx-Tx time difference accuracy considered for control-to-control case needs to at least allow the delay spread of 133ns. The more general scenario supported by PDC needs to allow even larger delay spread.  
Observation 7: The RTT-based PDC evaluation shows that, for some given channel conditions,
· If inconsistent RTT measurements between UE and gNB do not happen, RTT-based PDC can meet 275ns error budget for BW no smaller than 10MH and for both 15kHz and 30kHz SCS. 
· If inconsistent RTT measurements between UE and gNB can happen at least due to UE autonomous adjustment, RTT-based PDC can meet 275ns error budget for BW no smaller than 20MHz for both 15kHz and 30kHz SCS, conditioned on that the DL SFN timing detection is based on full-bandwidth DL-RS (e.g.,CSI-RS).
For evaluation of implicit PDC:
Observation 8: The evaluation for implicit PDC shows that,
· In case BW≥10MHz for 15kHz SCS and BW≥5MHz for 30kHz SCS, implicit PDC can meet Uu-interface error budget, without requiring full-bandwidth DL-RS being used in SFN boundary timing detection as well as the timing granularity enhancement in ReferenceTimeInfo. 
· In case BW=5MHz for 15kHz SCS, implicit PDC is still able to meet Uu-interface error budget, if either of the following two conditions is satisfied: 
· A full-bandwidth DL-RS can be used for SFN boundary timing detection. 
· The time granularity in high-layer signaling carrying clock time, e.g., the ReferenceTimeInfo IE, is enhanced from 10ns to no larger than 4.4ns.       
A comparison of capabilities among different PDC solutions is summarized in Table 5 below, where “X” means the corresponding PDC solution cannot meet Uu-interface error budget, “Risk” means the corresponding PDC solution has the calculated error below but very close to the budget total and likely exceeding the budget with the margins (Y, δ) counted, “√DLRS” means the corresponding PDC solution can meet Uu-interface error budget but needs to rely on full-bandwidth DL-RS in the SFN boundary timing detection, and “√” means the corresponding PDC solution can meet Uu-interface error budget without using full-bandwidth DL-RS in SFN timing detection. 
[bookmark: _Ref86429501]Table 5 Comparison of PDC solutions
	
	SCS=15kHz
	SCS=30kHz

	
	5MHz
	10MHz
	15MHz
	20MHz
	5MHz
	10MHz
	15MHz
	20MHz

	TA-based PDC
	X
	X
	Risk
	√DLRS
	X
	√DLRS
	√DLRS
	√DLRS

	RTT-based PDC (∆/2 not solved)
	X
	X
	Risk
	√DLRS
	X
	X
	√DLRS
	√DLRS

	RTT-based PDC (∆/2 solved)
	X
	√
	√
	√
	X
	√
	√
	√

	Implicit PDC
	√ or √DLRS
	√
	√
	√
	√
	√
	√
	√

	Note: this table is subject to further adjustment depending on RAN4 outcomes for the margins (Y, δ)


Based on all above observations and comparisons, implicit PDC clearly has the best accuracy performance and the lowest specification/implementation complexity.  
Proposal 1: The implicit PDC is supported in Rel-17.
If RAN1 cannot agree on either implicit PDC or RTT-based PDC with solution to remove effect of inconsistent RTT measurements, RAN1 does not have to make any further agreement in Rel-17 for PDC, because the TA-based PDC analyzed in this contribution is the next best candidate and does not require new UE behavior to be marked in specification. 
Observation 9: If RAN1 cannot agree on either implicit PDC or RTT-based PDC with solution to remove effect of inconsistent RTT measurements, the next best choice for RAN1 is to stay with legacy TA-based PDC.
· UE is expected to use DL-RS in the detection of SFN frame timing, which seems already allowed by existing specification.  
· RAN1 needs to inform RAN2 that the Uu-interface error budget cannot be met at least for 5MHz BW (for both 15kHz SCS and 30kHz SCS) and 10MHz BW (for 15kHz SCS). 
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Appendix A. Range of delay spread for indoor-factory scenario in TR38.901

In TR38.901, the mean of delay spread for InF scenario is modeled as lgDS=log10(DS/1s)= log10(30(V/S)+32)-9.44 for NLOS case, where V is hall volume in m3 and S is total surface area of hall in m2 (walls+floor+ceiling). Denote the length, width and height of the hall as {L, W, H}. The InF scenario in TR38.901 is limited with 5≤H≤25 and 20≤L*W≤160000. Because

The delay spread mean is upper-bounded by , or equivalently DS≤133ns. 



Appendix B. UE Rx-Tx time difference accuracy offset between TDL-A (DS=30ns) and TDL-B (DS=100ns)
The accuracy offsets are calculated based on the available evaluation results in a number of RAN4 contributions, as given below. The value in each table entry is the average of accuracy offsets between 30ns and 100ns for the given SCS and BW. The average of offset associated with each RAN4 contribution is performed across over different PRS configurations that are provided in the RAN4 contribution.  
 
	
	R4-2011160
	R4-2011362
	R4-2009877
	Average (ns) that is used to estimate 

	SCS=15kHz, 25RB
	N/A
	Assume to be 27ns, the same as for 52RB.

	SCS=15kHz, 52RB, 
	36.1
	22.1
	22.9
	27

	SCS=15kHz, 79RB, 
	N/A
	Assume to be 20ns, the medium between 52RB case and 106RB case. 

	SCS=15kHz, 106RB,
	19.2
	13.2
	7.0
	13.1

	SCS=30kHz, 24RB, 
	N/A
	Assume to be 12.9ns, the same as for 51RB.

	SCS=30kHz, 51RB
	14.6
	N/A
	11.2
	12.9





Appendix C. Example of RAN2 specification impact for implicit PDC
We see the following specification change in TS38.331 as one option to support implicit PDC. 
	DLInformationTransfer-v1610-IEs ::= SEQUENCE {
referenceTimeInfo-r16          ReferenceTimeInfo-r16               OPTIONAL,   -- Need R
ulReceptionTime-r17            ReferenceTimeInfo-r16               OPTIONAL,   -- Need R
    nonCriticalExtension           SEQUENCE {}                         OPTIONAL
}


where the new field “ulSRSReceptionTime-r17” is interpreted as:
	ulReceptionTime-r17
This field (if present) indicates the gNB’s clock time at the ending boundary of the system frame indicated by referenceSFN that is contained in this field. The UE considers this frame (indicated by referenceSFN) to be the frame where the last SRS signal is received. 


 As another option, RAN2 can also define a PDC-specific UE-dedicated RRC IE containing both “referenceTimeInfo-r16” (as optional) and “ulReceptionTime-r17”, i.e., something like below.
	PDC-v17-IEs ::= SEQUENCE {
referenceTimeInfo-r17          ReferenceTimeInfo-r16/r17             OPTIONAL,   -- Need R
ulReceptionTime-r17            ReferenceTimeInfo-r16/r17
}


In above example, ReferenceTimeInfo-r17 differs from ReferenceTimeInfo-r16 by the time granularity. If needed, ReferenceTimeInfo-r17 has the time granularity equal to 4ns or 2ns, instead of 10ns. 
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