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Introduction
The Rel-17 work item on Enhanced Industrial Internet of Things and ultra-reliable and low latency communication (NR_IIOT_URLLC_enh) includes the following objective for support of time synchronization [1]:
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]

To fulfill the above objective, RAN1 and RAN2 are discussing and evaluating competing solutions for enhanced propagation delay compensation (PDC) based on
1. The legacy timing advance procedure or an enhanced version of it (TA-based).
2. A new RAN-managed round-trip time measurement procedure, similar to the one introduced in Rel-16 NR positioning (RTT-based). 
Progress towards completing the objective is summarized in the latest status report [2].
In the most recent WG meeting, RAN1 sent an LS to RAN4 asking some questions about potential enhancements to TA-based PDC [3]. In this paper, we address the questions in the LS and provide our views on related issues. A draft reply to the LS in included in the Appendix.
Questions about TA-based PDC
In a recent LS [3], RAN1 asked two questions to RAN4 to help them evaluate the performance that can be achieved via TA-based PDC.
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. 
RAN4 has discussed Te requirements in the context of propation delay compensation enhancements and reached the following agreement in RAN4#100-e:

· If new Te requirements are agreed in the future, these should be captured in a compatible manner (no impact on legacy devices and UEs not supporting the feature).


Observation 1: RAN4 has stated that if new Te requirements are agreed in the future, these should be captured in a compatible manner (no impact on legacy devices and UEs not supporting the feature).
While the agreement above does not speak directly about the feasibility of enhancing Te requirements, RAN4 has indicated its strong preference that any such enhancements should be introduced in a backward compatible manner, without impacting legacy devices. Practically speaking, enhancing Te requirements, e.g. by using TRS instead of SSB, cannot be achieved without introducing accompanying new requirements for UEs and RAN4 does not expect legacy devices to meet such new requirements.
The procedure for UE transmission timing adjustments (TS 38.213, sec. 4.2) is a core, legacy procedure for NR, defined since Rel-15. In our understanding, there is no identified need to enhance this procedure to serve its primary purpose of time synchronizing UL transmissions at the serving gNB receiver. Potential benefits that may be derived from enhancements to this procedure should be weighed against the effort required to test and verify new functionality and requirements. Additionally, consistent with the above RAN4 agreement, any enhancements to the TA procedure can only be introduced under new UE capability. 
Proposal 1: It is not feasible to enhance the existing Te requirements without introducing accompanying new requirements for UEs.
In Question 1, RAN1 also asks whether it is possible to enhance the current requirement for initial transmit timing accuracy (Te) by using TRS instead of SSB to determine the downlink reference timing for initial UE transmission. Since TRS can be configured with larger bandwidth than SSB it would be reasonable to expect better DL timing accuracy if the UE can rely on TRS instead of SSB.
The current Te requirements can be found in TS 38.133, Table 7.1.2-1 and they are reproduced here in an augmented Table 1 shown below. In formulating the current Te requirements, RAN4 accounted for an error component due to DL timing inaccuracy [4, 5] by assuming that error (fourth column from the left in Table 1) is one half times the reciprocal of the SSB bandwidth for the corresponding SCS. Adopting the same approach for TRS, one can estimate a potential reduction in Te by subtracting the difference between the DL timing errors achievable using SSB and TRS. For illustration, Table 1 shows the estimated DL timing error for TRS with BW = 50 RB (fifth column) and the corresponding reduced Te (seventh column).
The last column in Table 1 shows a lower bound for Te obtained by subtracting the total DL timing error with SSB from the current Te requirement. While not necessarily achievable, this lower bound represents a limit on how much Te can be reduced by improving DL timing inaccuracy, assuming other factors remain the same.
	Frequency Range
	SCS of DL signals (kHz)
	SCS of UL signals (kHz)
	DL timing error with SSB1
	DL timing error with TRS2
	Current Te
	Reduced Te3
	Lower bound Te4

	1
	15
	15
	4.3*64*Tc
	1.7*64*Tc
	12*64*Tc
	9.4*64*Tc
	7.7*64*Tc

	
	
	30
	4.3*64*Tc
	1.7*64*Tc
	10*64*Tc
	7.4*64*Tc
	5.7*64*Tc

	
	
	60
	4.3*64*Tc
	1.7*64*Tc
	10*64*Tc
	7.4*64*Tc
	5.7*64*Tc

	
	30
	15
	2.1*64*Tc
	0.9*64*Tc
	8*64*Tc
	6.7*64*Tc
	5.9*64*Tc

	
	
	30
	2.1*64*Tc
	0.9*64*Tc
	8*64*Tc
	6.7*64*Tc
	5.9*64*Tc

	
	
	60
	2.1*64*Tc
	0.9*64*Tc
	7*64*Tc
	5.7*64*Tc
	4.9*64*Tc

	2
	120
	60
	0.5*64*Tc
	0.2*64*Tc
	3.5*64*Tc
	3.2*64*Tc
	3*64*Tc

	
	
	120
	0.5*64*Tc
	0.2*64*Tc
	3.5*64*Tc
	3.2*64*Tc
	3*64*Tc

	
	240
	60
	0.3*64*Tc
	N/A
	3*64*Tc
	3*64*Tc
	2.7*64*Tc

	
	
	120
	0.3*64*Tc
	N/A
	3*64*Tc
	3*64*Tc
	2.7*64*Tc

	NOTE 1: Assumes SSB BW = 20 RB.
NOTE 2: Assumes TRS BW = 50 RB.
NOTE 3: Obtained by subtracting the difference between the DL timing errors with SSB and TRS from the current Te requirements. Rounded to the nearest integer multiple of 0.1*64*Tc.
NOTE 4: Obtained by subtracting the DL timing error with SSB from the current Te requirements. Rounded to the nearest integer multiple of 0.1*64*Tc.


[bookmark: _Ref84535218]Table 1: Current Te requirement, potential improvement using TRS and lower bound.

Observation 2: Potential Te enhancement using TRS is shown in Table 1.
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.
From RAN4 perspective, the key issue related to Question 2 is whether any enhancements to TA command indication granularity would have impact on UE timing requirements. As stated above, RAN4 does not support changing Te requirements for legacy devices and any new requirements would be subject to new UE capabilities. In our view, so long as the enhanced TA command indication granularity is only applicable to PDC and does not impact UL timing requirements it would be feasible to introduce such enhancement. i.e. the enhanced TA indication granularity would be used to communicate a TA measurement to the UE so that it can perform PDC. For the purpose of PDC, TA command indication granularity may be chosen so that it has a small/modest contribution to the total PDC error budget.
From a layer 1 and signalling perspective, we understand that it is up to RAN1 and RAN2 to introduce the necessary procedure and signalling changes to support enhanced TA command indication granularity.
Proposal 2: It would be feasible to introduce enhanced TA command indication granularity if it is only applicable to PDC and it does not impact UL timing requirements. For the purpose of PDC, TA command indication granularity may be chosen so that it has a small/modest contribution to the total PDC error budget.
RTT-based PDC
RAN1 and RAN2 are evaluating RAN-managed RTT-based solutions for PDC using CSI-RS for tracking (TRS) instead of PRS [2]. In this section we provide some estimates of the UE Rx-Tx time difference measurement accuracy that could be achieved using TRS.
It is worth noting that RAN4 has not finalized the Rel-16 UE Rx-Tx time difference measurement accuracy requirements. Current draft requirements can be found in TS 38.133 v16.9.0, section 10.1.25.2. There are four different tables therein for requirements for both FR1 and FR2 in AWGN and fading conditions. However, all the entries in the tables have TBD additive margins that need to be finalized in Rel-16 maintenance stage. Nonetheless, we can make some predictions based on the current numbers in the specification together with our current assumptions about the TBD margin.
Before looking at specific numbers, it is worth noting that even though there are differences between PRS and TRS in terms of their mapping to physical resources, it is reasonable to expect similar measurement accuracy using PRS and TRS configured with the same bandwidth, with additional assumptions. The main differences between PRS and TRS are the following:
1. PRS is mapped to multiples of 12 REs per RB per slot (multiples greater than one are supported depending on comb size). In contrast, TRS typically consists of 4 resources allocated over four symbols, two symbols in two consecutive slots, each with 3 RE per RB. The four resources have 12 RE per RB in aggregate but spanning two slots instead of one.
2. PRS has a fully-staggered comb structure whereas the four CSI-RS resources in TRS have the same subcarrier allocation. i.e. they are not staggered in the frequency domain.

There are two significant points related to difference (1) above. The first one is that PRS has a higher density than TRS. The most meaningful comparison would be between PRS with 12 REs per RB per slot vs. TRS with 12 REs per RB over two slots. Fortunately, the UE Rx-Tx measurement accuracy requirements in TS 38.133 are applicable with 12 REs per RB per slot for most PRS BW configurations.
The second point is that, when comparing PRS with 12 REs per RB per slot vs. TRS with 12 REs per RB over two slots, the overall processing gain for TRS may be somewhat lower than for PRS because a UE may not be expected to perform coherent processing over multiple slots. Non-coherent processing would still be possible across slots when using TRS. In the end, we do not expect a significant performance difference between PRS and TRS due to the difference in processing gain, assuming reasonable Es/Iot side-conditions (for serving cell).
Regarding difference (2) above, i.e. full-staggered vs. non-staggered allocation, the implication is that TRS can support a smaller timing uncertainty range – one quarter of a symbol – due to sampling of 1-out-of-4 subcarriers. There are ways to circumvent this limitation, if needed, and it should not preclude the use of TRS for RTT-based PDC.
Observation 3: Similar DL TOA measurement accuracy can be expected using TRS (12 REs per RB in 2 slots) vs. PRS (12 REs per RB in 1 slot) if both signals are configured with the same bandwidth.
To get a sense of the best performance that could be achieved with TRS we refer to the UE Rx-Tx time-difference measurement accuracy requirements in AWGN propagation conditions. Taking FR1 as example, we have extracted some of the entries from TS 38.133 v16.9.0, Table 10.1.25.2-1 and listed them in Table 2 below.
	Accuracy
	PRS Ês/Iot
	Minimum PRS bandwidth
	PRS SCS
	PRS resource repetition 

	Tc
	dB
	RB
	kHz
	

	± [59+]
	-3
	≥ [52]
	15
	≥ [1]

	± [30+]
	
	≥ [104]
	
	≥ [1]

	± [30+]
	
	≥ [48]
	30
	≥ [1]

	± [15+]
	
	≥ [132]
	
	≥ [1]

	± [75+]
	-13
	≥ [52]
	15
	≥ [1]

	± [37+]
	
	≥ [104]
	
	≥ [1]

	± [39+]
	
	≥ [48]
	30
	≥ [1]

	± [16+]
	
	≥ [132]
	
	≥ [1]

	NOTE:  is a margin for group delay calibration error, etc. and its value is FFS.


[bookmark: _Ref84601026]Table 2: Excerpt from TS 38.133, Table 10.25.1.2-1: UE Rx-Tx time difference measurement accuracy in FR1 in AWGN
It is important to note that the margin  may not be a constant value across all entries. Our proposal is that the margin should scale inversely proportional to BW. For example, for PRS BW ≥ 50 MHz (e.g. SCS = 30, RB ≥ 132) we expect   16 Tc and for PRS BW ≥ 20 MHz (e.g. SCS = 30, RB ≥ 48) we expect   40 Tc. With these assumed margins, the measurement accuracy in AWGN with Ês/Iot = -3 dB would be 70 Tc and 31 Tc, respectively, for PRS ≥ 20 MHz and PRS ≥ 50 MHz. 
Another advantage that a RAN-managed RTT-based procedure would have over a TA-based procedure would be the use of SRS (wideband) as the UL reference signal. Using a wideband UL signal would enable improved gNB receive timing accuracy.
Proposal 3: A RAN-managed RTT-based procedure for PDC would have an advantage over a TA-based procedure since wideband reference signals in both the UL (SRS) and DL (TRS) can be used to improve receive timing accuracy at the UE and gNB.
Conclusions
Observation 1: RAN4 has stated that if new Te requirements are agreed in the future, these should be captured in a compatible manner (no impact on legacy devices and UEs not supporting the feature).
Proposal 1: It is not feasible to enhance the existing Te requirements without introducing accompanying new requirements for UEs.
Observation 2: Potential Te enhancement using TRS is shown in Table 1.
	Frequency Range
	SCS of DL signals (kHz)
	SCS of UL signals (kHz)
	DL timing error with SSB1
	DL timing error with TRS2
	Current Te
	Reduced Te3
	Lower bound Te4

	1
	15
	15
	4.3*64*Tc
	1.7*64*Tc
	12*64*Tc
	9.4*64*Tc
	7.7*64*Tc

	
	
	30
	4.3*64*Tc
	1.7*64*Tc
	10*64*Tc
	7.4*64*Tc
	5.7*64*Tc

	
	
	60
	4.3*64*Tc
	1.7*64*Tc
	10*64*Tc
	7.4*64*Tc
	5.7*64*Tc

	
	30
	15
	2.1*64*Tc
	0.9*64*Tc
	8*64*Tc
	6.7*64*Tc
	5.9*64*Tc

	
	
	30
	2.1*64*Tc
	0.9*64*Tc
	8*64*Tc
	6.7*64*Tc
	5.9*64*Tc

	
	
	60
	2.1*64*Tc
	0.9*64*Tc
	7*64*Tc
	5.7*64*Tc
	4.9*64*Tc

	2
	120
	60
	0.5*64*Tc
	0.2*64*Tc
	3.5*64*Tc
	3.2*64*Tc
	3*64*Tc

	
	
	120
	0.5*64*Tc
	0.2*64*Tc
	3.5*64*Tc
	3.2*64*Tc
	3*64*Tc

	
	240
	60
	0.3*64*Tc
	N/A
	3*64*Tc
	3*64*Tc
	2.7*64*Tc

	
	
	120
	0.3*64*Tc
	N/A
	3*64*Tc
	3*64*Tc
	2.7*64*Tc

	NOTE 1: Assumes SSB BW = 20 RB.
NOTE 2: Assumes TRS BW = 50 RB.
NOTE 3: Obtained by subtracting the difference between the DL timing errors with SSB and TRS from the current Te requirements. Rounded to the nearest integer multiple of 0.1*64*Tc.
NOTE 4: Obtained by subtracting the DL timing error with SSB from the current Te requirements. Rounded to the nearest integer multiple of 0.1*64*Tc.


Table 1: Current Te requirement, potential improvement using TRS and lower bound.
Proposal 2: It would be feasible to introduce enhanced TA command indication granularity if it is only applicable to PDC and it does not impact UL timing requirements. For the purpose of PDC, TA command indication granularity may be chosen so that it has a small/modest contribution to the total PDC error budget.
Observation 3: Similar DL TOA measurement accuracy can be expected using TRS (12 REs per RB in 2 slots) vs. PRS (12 REs per RB in 1 slot) if both signals are configured with the same bandwidth.
Proposal 3: A RAN-managed RTT-based procedure for PDC would have an advantage over a TA-based procedure since wideband reference signals in both the UL (SRS) and DL (TRS) can be used to improve receive timing accuracy at the UE and gNB.
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[bookmark: OLE_LINK205][bookmark: OLE_LINK206]1. Overall Description:
RAN4 thanks RAN1 for the LS on TA-based propagation delay compensation. RAN4 discussed the questions contained in the LS during RAN4#101-e and reached the following conclusions:
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.

[RAN4 response]

RAN4 discussed Te requirements in the context of propation delay compensation enhancements and reached the following agreement in RAN4#100-e:

· If new Te requirements are agreed in the future, these should be captured in a compatible manner (no impact on legacy devices and UEs not supporting the feature).
RAN4 does not think it is feasible to support a smaller value than the current Te without introducing additional requirements for UEs. It may be possible to reduce the Te requirement if the UE is able to use TRS instead of SSB to determine the downlink reference time for initial uplink transmission. The potential reduction in Te would depend on the configured TRS bandwidth, among other factors.


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.

[RAN4 response]

From RAN4 perspective, it is feasible to introduce enhanced TA command indication granularity if it is only applicable to PDC and it does not impact UL timing requirements. For the purpose of PDC, TA command indication granularity may be chosen so that it has a small/modest contribution to the total PDC error budget (up to RAN1).


2. Actions:
To RAN1:
ACTION: RAN4 respectfully asks RAN1 to take into account the responses above.

3. Date of Next TSG WG RAN4 Meetings:
TSG-RAN4 #101bis-e	Jan 17 – 25, 2022		Online
TSG-RAN4 #102-e 	Feb 21 – Mar 3, 2022	Online
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