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Introduction
[bookmark: _Hlk510705081]During RAN1#104bis-e an email discussion on propagation delay compensation enhancements was conducted. The  summary of the discussion can be found in [1], with the agreements from the chairman’s notes [2] copied in below:
	Agreements: If downlink frame timing detection error needs to be considered separately from propagation delay estimation error, take ±100 ns as the assumption for downlink frame timing detection error (errorUE,DL,RX) at the UE for evaluation of the overall time synchronization error for RTT based propagation delay compensation
Agreements: Take the following equation for evaluation of the DL propagation delay estimation error for TA based propagation delay compensation:
[image: ]
· Either option 1 or option 2 below will be applied based on the RAN4 reply to RAN1 LS R1-2102245.    
[image: ]
· FFS whether errorBS,DL,TX in the above equation should be included or not. 

Agreements:
· Observation 1: Propagation delay compensation based on existing Rel-15/Rel-16 TA procedure and associated granularity, with no enhancements in RAN1, is sufficient for meeting the Uu interface synchronicity error budget in LS R2-2010837 for the smart grid scenario.  
· Observation 2: RAN1 needs to further study and specify the feasible enhancement (if any with RAN1 spec impact) for propagation delay compensation for control-to-control scenario, in order to meet the synchronicity budget of Uu interface in LS R2-2010837. 

Working assumption:
[image: ]
Agreement:
Take the following as the evaluation assumptions for both RTT-based PDC and TA-based PDC.   
· The UE may acquire an up-to-date PD estimation after waking up from DRX. This implies that gNB may signal an update timing advance value or complete a Rx-Tx measurement procedure.
· errorUE,DL,RX is based on other signals (e.g. CSI-RS) instead of SSB.
· errorBS,UL,RX is based on other uplink signals instead of contention based PRACH, e.g. SRS.  
· Further study and specify new procedure/signaling (if necessary) to ensure that the PD estimation can be acquired after DRX for the adopted PDC method.

Agreement:
Existing DL reference signal(s) are used for Rx – Tx time difference estimation at UE side for RTT-based propagation delay compensation, if RTT-based propagation delay compensation is supported.   
· FFS whether PRS can be used for UE Rx – Tx time difference estimation or not  
· FFS which DL reference signal(s) to be used if/when PRS is not used

Conclusion:
· Leave it to RAN2 to decide whether to support UE based compensation and/or gNB based compensation for any propagation delay compensation method RAN1 may adopt for Rel-17, if applicable.



Further RAN1 has received a reply LS from RAN4 [3]:
	RAN4 thanks RAN1 for the LS on UE transmit timing error. 
RAN4 has the common understanding that downlink frame timing detection error is already included in UE transmit timing error (i.e. Te defined in section 7.1.2 in TS 38.133). 
RAN4 would like to further clarify that: UE determines the UL transmit timing based on the first path detected (in time). The interpretation of “the reference point” defined in section 7.1.2 in TS 38.133 for UE transmission timing is   ahead of the time of arrival of the first detectable path at the UE antenna.


This contribution continues the discussion on propagation delay compensation enhancements and addresses the following open points identified during the email discussion: 
· Way forward for RAN1 on PDC
· How to interpret the propose value representing the BS frame transmission error.
· Assumptions on estimation timeline for SFN boundary and PD estimation.
· Assumption on PD estimation timeline (applicability of Te from 38.133).
Additionally, to discussing the above open points, we compare the two main options and study appropriate reference signal configurations for Option 2. 
[bookmark: _Ref60941680]Discussion on way forward and open points from RAN1#104-bis-e
On the way forward on PDC in RAN1
The meeting schedule for the RAN working groups involved in PDC in Q2 2021 is as following:
· RAN1 has 3 meetings remaining in 2021:
· August (RAN1#106-e 16/08-27/08)
· October (RAN1#106-bis-e 11/10-19/10)
· November (RAN1#107-e 11/11-19/11). 
· RAN2 has only two meetings remaining in 2021:
· August (RAN2#115-e 08/08-27/08) 
· November (RAN2#116-e 01/11-12/11). 
· RAN3 similarly has also only two meetings remaining in 2021:
· August (RAN3#113-e 16/08-26/08)
· November (RAN3#114-e 01/11-11/11)
· RAN4 similarly has also only two meetings remaining in 2021:
· August (RAN4#100-e 16/08-27/08) 
· November (RAN4#101-e 01/11-12/11). 

As agreed in RAN#92-e the first RRC parameter list should be provided to RAN2 to handle in RAN2#116-e which means that RAN1 should send an LS latest in RAN1#106-bis-e. This leaves RAN1 with RAN1#106-e and RAN1#106-bis-e to complete the ongoing analysis. If RAN1 cannot reach any conclusion without RAN4 involvement, the earliest time RAN1 can receive an LS reply from RAN4 is by RAN1#107-e, assuming the optimistic timeline where RAN1 sends out an LS to RAN4 in RAN1#106-e. RAN4 will not be able to treat the topic before RAN4#101-e as RAN4#100-e and RAN1#106-e completely overlap in time, but can only treat the LS and generate an LS reply in RAN4#101-e. In short, RAN1 needs to decide fast and needs to avoid being dependent on an LS to RAN4 to reach a decision in order to satisfy the RRC parameter list deadline. 
Observation 1: If RAN1 sends out an LS to RAN4 in this meeting, the reply LS will be available earliest in the November meeting (RAN1#107-e), which exceeds to agreed deadline for sending an LS to RAN2 on the RRC parameter list.
In RAN#92e the possibility of down-scoping on PDC was discussed. The summary of the email discussion can be found in RP-211569:
	Based on the discussions in the final phase, the following Recommendation3 (revised during final phase) was supported by or was acceptable to at least Nokia/NSB, Sony, Huawei/HiSi, Intel, Bosch, DOCOMO, LG, Ericsson, Huawei/HiSi, and Turkcell (10 companies). 
· Recommendation3: Provide the following RAN guidance on Propagation delay compensation enhancements [RAN2, RAN1, RAN3, RAN4]
· Support TA-based propagation delay compensation based on the Rel-15/16 timing advance procedure in Rel-17 without changes on existing TA requirements/procedures for use cases with less tight time synchronization requirements such as smart grid.
· RAN1/2/4 to focus on RTT-based propagation delay compensation enhancements in Rel-17.
Working groups should strive to minimize the impact on UE complexity.

However, ZTE, MTK, OPPO, vivo, CATT, and CMCC (6 companies) still maintained negative views on taking this proposal. Key concerns raised were that RAN1 needs to wait for RAN4’s input on TA-based PDC and more study needs to be done for RTT-based PDC before making such decision.
An alternative to Recommendation3 is the following compromise suggested by CATT in the last hours of the final phase email discussions.
· Recommendation3A: Provide the following RAN guidance on Propagation delay compensation enhancements [RAN2, RAN1, RAN3, RAN4]
· RAN1 to send an LS to RAN4 in RAN#106-e to check the feasibility and potential enhanced value for Te and TA command indication granularity, 
· RAN1 and RAN2 to focus on RTT-based propagation delay compensation enhancements while waiting for a reply LS from RAN4.
Working groups should strive to minimize the impact on UE complexity.
Recommendation3A will allow RAN1 and RAN2 to proceed with the work on RTT-based PDC enhancements while RAN4 is formulating their response to RAN1. If RAN4 response on TA-based PDC is not made available on time or if their response is that TA-based PDC is not feasible to meet certain requirements, RAN1 and RAN2 can at least have RTT-based PDC specified in Rel-17 to meet all TSN requirements.

Given the significant number of companies (6 companies) with concerns on Recommendation3, the moderator suggests taking Recommendation3A as a compromise to ensure the support of propagation delay compensation for TSN in Rel-17.



With the observation in mind, it is strictly needed that RAN1 reaches a conclusion as fast as possible, and latest in the October RAN1 meeting (RAN1#106-bis-e). We strongly see the need for RAN1 to select an option, possible a compromise to ensure that a PDC framework is in place in Release-17. Further enhancements can be in the scope of Release-18. Still with the observation 1 in mind, Recommendation 3A is not a feasible way forward as RAN1 will not be able to make a decision before RAN4 sends the LS reply. Therefore, our proposed way forward in RAN1 is adopt Recommendation 3.
Proposal 1: RAN1 must make a compromise in order to move PDC forward in time for support in Release-17. It is proposed to discuss and adopt Recommendation 3 from the RAN plenary email discussion. 
How to interpret the BS frame transmission error.
In RAN1#103e, we have agreed to use 65ns to represent the BS frame transmission timing error for the control-to-control scenario. As discussed during RAN1#104-e, it is not clear if this should be interpreted as a maximum (<) or a relative (±) value. The same question applies when discussing the two options on how to represent the BS frame transmission timing error for the smart grid use case. 
The agreed number of 65ns originates from the TAE requirement from TS 38.104, where the TAE represents the relative maximum timing error between any two antenna ports (i.e. <65ns). It has been argued that it cannot be determined what is the proper split of errors between each antenna port. While this is true, the safest operation is to limit the error per antenna port to ±32.5ns as to guarantee that the error between two antenna ports satisfied <65ns. For this reason, we propose to assume ±32.5ns as the BS transmission error per gNB antenna port for evaluation purposes, as also captured in the moderator proposal from RAN1#104. 
Proposal 2: errorBS,DL,TX (i.e. ±32.5 ns) is included in the equation for calculating the overall time synchronization for the control-to-control scenario 
Support for smart grid scenario
It was agreed in RAN1#104bis-e that TA based solution is sufficient for smart grid scenario. This is despite the open options on which BS transmission error is assumed for the smart grid scenario as agreed to be further considered in RAN1#103e; Option 1 propose the value of 200ns, and Option 2 is proposing to use 65ns as the BS transmission error, which is similar to what has been agreed to be used for the control-to-control scenario. As we have agreed on the conclusion that all PDC methods can be used to meet the smart grid Uu interface time synchronization accuracy, and that this holds for both Option 1 and Option 2 of BS transmission error, we do not see further need to study the smart grid scenario if one of the PDC options are supported. The simplest option (lowest overhead and lowest specification effort) that can support the smart grid scenario is legacy TA, hence it is our proposal to support legacy timing advance at least for the smart grid scenario and then not any further study the smart grid scenario during Rel-17.
Proposal 3: Support propagation delay compensation based on existing Rel-15/Rel-16 TA procedure at least for addressing use cases such as smart grid scenario, and do not consider the smart grid scenario any further in Release-17 evaluations. 

Considerations about PD estimation timeline and DL error assumption.
In RAN1#104bis-e it has been agreed that “The UE may acquire an up-to-date PD estimation after waking up from DRX. This implies that gNB may signal an update timing advance value or complete a Rx-Tx measurement procedure.” Related to this discussion, it should be discussed whether Te and/or Timing Advance Adjustment error should be assumed in the error evaluation for the timing advance based options. 
We understand from the discussion in RAN1, that it is not clear how to interpret TS 38.133 on the matter of when Te applies. To us it is clear that Te only applies for the first UL transmission the UE has been in DRX. The main alternative interpretation is the case where Te applies to any UL transmission (and not only the first one after DRX), also implies that the TA loop would be inherently unstable (as Te is larger than half NTA granularity) and in the worst case would fluctuate between two NTA values. We acknowledge that Te is also used as a condition for the UE to trigger the use of autonomous adjustments, and also here it is our interpretation that this also applies only for the first transmission or before receiving a timing advance command, as this is a tool for the UE to attempt to adjust its UL transmission timing based on DL frame timing monitoring. 
Timing advance adjustment error applies when the UE adjusts its current timing advance for a received timing advance command, i.e. when TS 38.133 clause 7.3 applies. Hence per the agreement that the gNB may have provided an updated NTA value to the UE, timing advance adjustment error should be considered in the TA-based error evaluation. Whereas Te does not apply since UL transmission timing is corrected with the updated NTA from the gNB.
Proposal 4: When evaluating further the timing error using TA based PDC, TA adjustment error should be considered, while the initial transmission error Te does not apply as RAN1 assumed to have an updated NTA command received from the gNB after returning from DRX.
It can also be discussed whether Te should be applied for the Rx-Tx PDC option. The Rx-Tx measurement reference points from 38.101 is the UE and gNB antenna ports. The UE / gNB will measure the time at which a reference signal is received and the time at which a reference signal is transmitted. As Te is an error introduced at the UE relative to the previous UL frame timing relative to DL frame timing, Te would only be captured in such measurement if the UE is NOT aware of its actual transmission time. For accurate positioning purposes where Rx-Tx is used, is seems clear that the UE is aware of when it is transmitting its UL reference signal and hence Te should not be considered for Rx-Tx based PDC.
Observation 2: Te is not to be considered for Rx-Tx based PDC error modelling as it implies that the UE cannot measure its UL transmission time.
The same story applies for the gNB, where BS transmission error (or TAE) has been mentioned as a candidate to be captured in the evaluation of the Rx-Tx based PDC error. As the timestamps are captured relative to the antenna port, the error of BS transmission error is not to be captured in a Rx-Tx based PDC error evaluation.
Observation 3: TAE is not to be considered for Rx-Tx based PDC error modelling as it implies that the gNB cannot measure its DL transmission time. 

Considerations about assumption related to refSFN boundary detection and PD estimation timeline.
Two alternatives are considered where the difference is whether it is assumed that the gNB can coordinate the PD estimation events and the available DL references available for SFN boundary estimation. The gNB may deliver referenceTimeInfo using SIB9 or via RRC. When referenceTimeInfo is delivered via SIB9 the SFN boundary is specified relative to the SI-Window boundary “immediately at or after the ending boundary of which the SIB9 is transmitted” whereas for the case of delivery over RRC “ending boundary of the system frame indicated by referenceSFN”. In both cases, the gNB can timely aid the UE with the accuracy of the SFN boundary estimation. Then when it comes to the PD part, each PD estimation procedure consists of both a UL and DL reference signal component and by placing the DL RS as close to the SFN boundary estimation as possible, the channel (assuming one-shot estimation) will be the same. Additionally, as the UE applies a DL time tracking used for UL timing determining with TA and can similarly be used for SFN boundary estimation the error caused by DL time tracking induced at the UE for both SFN and PD estimation with TA will be the same. Likewise, for Rx-Tx, the same DL signal can be used for estimating the SFN boundary and for Rx-Tx measurement. This is illustrated in Figure 1.
[image: Diagram
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[bookmark: _Ref76069890]Figure 1. Illustration of a coordinated SFN boundary estimation event and PD estimation event.
Observation 4: The error caused by DL time tracking at the UE will be the same for both, SFN boundary estimation and PD estimation, as a) the gNB can coordinate the time of the TA procedure and the time of PD compensation and b) UE would apply the same DL time tracking for TA/Rx-Tx as for SFN boundary estimation.
Similarly, it was discussed if the DL transmission error () is visible in both PD estimate and in the SFN boundary estimation. The DL transmission time error is an error caused by a mismatch between the gNB-DU and the gNB-RU clocks – not necessarily due to the gNB-RU having a poor clock, but simply due to the physical distance between the two (and the bandwidth of the interfaces connecting them) which limits how accurately they can be synchronized. 
When it comes to how this clock mismatch impacts our PD estimation procedure and the total error, it is clear that this mismatch is directly affecting the SFN boundary estimation process, as the mismatch will shift the SFN time transmitted at the air interface relative to the SFN time at the gNB-DU. So definitely  should be captured in the SFN estimation part of the accuracy model. However, the time synchronization error between the gNB-DU and gNB-RU will only impact the PD estimation procedure, if either:
· the gNB-DU and gNB-RU splits who captures the timestamps from DL Tx and UL Rx, 
· if the same unit captures both DL Tx and UL Rx timestamps, but the clock of the gNB-RU is shifted between a DL and UL timestamp occasions used in the PD estimation and RTI delivery. 
As per our understanding, for both TA and Rx-Tx based PD estimation, it is the gNB-RU clock that affects the air interface timing (i.e. SFN boundary) and it is the gNB-RU capturing the UL detection time. As the time between a DL and UL transmission for both Rx-Tx and TA can be considered small (e.g. <10ms) and that the gNB-RU clock remains stable over this period of time, there is no need to capture in the PD estimation as well. 
Proposal 5: should only be accounted for in the SFN boundary estimation related errors and not in the PD estimation errors. 
Model of timing error to be assumed
RAN1 has received reply LS from RAN4 regarding whether it can be assumed that DL Rx is captured in Te or not. The reply from RAN4 is clear that DL Rx is captured in Te. However, the discussion in RAN4 gives the impression that this assumption is only applicable for the test condition where the UE is tested whether it complies to Te. That is, the reference measurement probe is at the gNB (or the UE) antenna connectors and measures the time difference between an input DL time to an output UL time, which means that no matter what channel the UE is affected to (i.e. how it detects DL frame timing), it must comply to Te. That also means that while we assume that DL Rx is captured in Te here in RAN1, this is slightly artificial as the UE in practice have to rely on DL RS detection and cannot accurately determine whether it complies to Te or not. 
Considering the above discussion, we propose to use Alt. 2 with Option 1 (as per the reply LS from RAN4) to model the total error with TA based PD.
Proposal 6: Adopt the following total error model for TA based PDC (Alt. 2 with Option 1):
, where 

When it comes to the Rx-Tx based PD, the total error should still consider an SFN boundary and a PD estimation part. The SFN boundary estimation part must be equal to that of TA, but as the PD estimation procedure is different, the expression for this is also different. The high-level Rx-Tx procedure is illustrated in Figure 2.
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[bookmark: _Ref76111333]Figure 2. The Rx-Tx procedure when used for PD estimation.
The PD estimation part needs to capture both UL and DL reference signal detections and an Rx-Tx measurement indication. It has already been discussed that the Rx-Tx measurement is not affected by Te (or TA adjustment error) as the Rx-Tx measurement is a relative measurement between reception and transmission times (not relative to the gNB frame timing). However, there will be a detection error at both UL and DL, and an error caused by the reporting indication granularity of Rx-Tx from gNB to UE. Based on the above discussions we propose to use the following model for Rx-Tx based PDC:
Proposal 7: Adopt the following total error model for Rx-Tx based PDC:
 
Rx-Tx based procedure design options
In this section a framework for Rx-Tx based PD estimation is proposed and followed by an evaluation of which DL reference signal types and configurations could be supported.
Rx-Tx based PD estimation procedure
The Rx-Tx measurement procedure originates from the Multi-RTT procedures being applied for positioning purposes. The signaling procedure is specified in 38.305 and the Rx-Tx measurements is specified in 38.215. The Multi-RTT procedure is however designed for the LMF to calculate the UE position, and for multiple TRP operation, all of which can be considered overhead for estimating the PD between the serving gNB and the UE. The Multi-RTT signaling procedure from 38.305 with the relevant components for single-cell operation is illustrated in Figure 3.
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[bookmark: _Ref76115529]Figure 3. Signaling flow of Multi-RTT from 38.305 with highlighted parts to be designed for single-cell use (from Figure 8.10.4-1)
We may generalize the framework from UL SRS and DL-PRS to be an UL RS and an DL RS. Further, the gNB would take over the LMF task of configuring both UL and DL RS (Step 3, 3a, 5b), configuring the UE to conduct Rx-Tx measurements (step 7) and to report Rx-Tx measurement to the UE (Step 10/11 reversed to the UE). 
The existing Rx-Tx measurement definition from TS 38.215 can be reused (but updated to also apply for non-PRS and SRS reference signals as well):
	5.1.30    UE Rx – Tx time difference
	Definition
	The UE Rx – Tx time difference is defined as TUE-RX – TUE-TX
 
Where:
TUE-RX is the UE received timing of downlink subframe #i from a positioning node, defined by the first detected path in time.
TUE-TX is the UE transmit timing of uplink subframe #j that is closest in time to the subframe #i received from the positioning node.
 
Multiple DL PRS resources can be used to determine the start of one subframe of the first arrival path of the positioning node.
 
For frequency range 1, the reference point for TUE-RX measurement shall be the Rx antenna connector of the UE and the reference point for TUE-TX measurement shall be the Tx antenna connector of the UE. For frequency range 2, the reference point for TUE‑RX measurement shall be the Rx antenna of the UE and the reference point for TUE‑TX measurement shall be the Tx antenna of the UE.

	Applicable for
	RRC_CONNECTED


 
5.2.3    gNB Rx – Tx time difference
	Definition
	The gNB Rx – Tx time difference is defined as TgNB-RX – TgNB-TX
 
Where:
TgNB-RX is the positioning node received timing of uplink subframe #i containing SRS associated with UE, defined by the first detected path in time.
TgNB-TX is the positioning node transmit timing of downlink subframe #j that is closest in time to the subframe #i received from the UE.
 
Multiple SRS resources for positioning can be used to determine the start of one subframe containing SRS.
 
The reference point for TgNB-RX shall be:
-    for type 1-C base station TS 38.104 [9]: the Rx antenna connector,
-    for type 1-O or 2-O base station TS 38.104 [9]: the Rx antenna (i.e. the centre location of the radiating region of the Rx antenna),
-    for type 1-H base station TS 38.104 [9]: the Rx Transceiver Array Boundary connector.
The reference point for TgNB-TX shall be:
-    for type 1-C base station TS 38.104 [9]: the Tx antenna connector,
-    for type 1-O or 2-O base station TS 38.104 [9]: the Tx antenna (i.e. the centre location of the radiating region of the Tx antenna),
-    for type 1-H base station TS 38.104 [9]: the Tx Transceiver Array Boundary connector.






The existing measurement report is described in 37.355 (LPP so UE Rx-Tx measurement report) and 38.455 (NRPPa so gNB Rx-Tx measurement). Let’s take a closer look at the gNB Rx-Tx measurement report content as listed below and see what should be reused in a single-cell gNB to UE Rx-Tx measurement report. Everything that has to do with CellIDs are not needed for a single cell:
		IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Measured Result Item
	
	1 .. <maxnoPosMeas>
	
	

	>CHOICE Measured Results Value
	M
	
	
	

	>>UL Angle of Arrival
	M
	
	9.2.38
	

	>>UL SRS-RSRP
	M
	
	INTEGER (0..126)
	

	>>UL RTOA
	M
	
	9.2.39
	

	>>gNB Rx-Tx Time Difference
	M
	
	9.2.40
	

	>Time Stamp
	M
	
	9.2.42
	

	>Measurement Quality
	O
	
	9.2.43
	

	>Measurement Beam Information
	O
	
	9.2.57
	



	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	CHOICE gNB Rx-Tx Time Difference Measurement
	M
	
	
	

	>k0
	M
	
	INTEGER (0.. 1970049)
	TS 38.133 [16]

	>k1
	M
	
	INTEGER (0.. 985025)
	TS 38.133 [16]

	>k2
	M
	
	INTEGER (0.. 492513)
	TS 38.133 [16]

	>k3
	M
	
	INTEGER (0.. 246257)
	TS 38.133 [16]

	>k4
	M
	
	INTEGER (0.. 123129)
	TS 38.133 [16]

	>k5
	M
	
	INTEGER (0.. 61565)
	TS 38.133 [16]

	Additional Path List
	O
	
	9.2.41
	






In the simplest operation, AoA, RSRP or RToA is not needed. A timestamp of the measurement should only be useful in case of not having a related SRS-ID, or if the procedure runs faster than the gNB can report – the latter is not expected to happen, but an SRS-ID could be considered to be included. The Rx-Tx measurement report itself is specified with the options for the gNB (or the UE for that matter) to select the appropriate granularity by k0 to k5. For the sake of simplicity RAN could fix the granularity e.g. to 8ns.
Proposal 8: The Rx-Tx configuration should contain:
· At least one DL RS configuration (FFS which configurations to support)
· At least one UL RS configuration (FFS which configurations to support)
· A relation between DL RS and UL RS (FFS whether to reuse the existing definition from 38.215)

Proposal 9: The Rx-Tx measurement report provided from the gNB to the UE should include at least:
· Rx-Tx measurement at fixed granularity (FFS which granularity)
· SRS-Resource-ID

The remaining of this section will propose UL and DL reference signals that can be used and paired to enable the Rx-Tx based PD estimation to be within the Uu accuracy budgets provided by RAN2. The selection is accompanied by performance results acquired by link-level simulations.
DL timing performance of CSI-RS for tracking (TRS) as alternative DL reference signal for RTT
[bookmark: _Hlk76127157]It was agreed in RAN1#104-bis-e that existing DL reference signal(s) should be used for Rx-Tx time difference estimation at UE side for RTT-based propagation delay compensation, if RTT-based propagation delay compensation is supported. FFS which DL reference signal(s) to be used if/when PRS is not used.
Here we assume that the total time synchronization error for Option 2 is given by the equation for  shown in previous section where,  as agreed in RAN1#102e,  as proposed above and  assuming control-to-control scenario. In the worst case, the total error should be up to the Uu interface budget in the scenario, i.e  equals to ±145ns to ±275ns according RAN2 LS reply to RAN1 [4]. Based on that, the remaining error budget for DL RX timing error is:

Assuming the strictest Uu budget for control-to-control, i.e. ,

While for less strict Uu budget for control-to-control, i.e. ,

Below we consider the use of CSI-RS for tracking as an alternative DL reference signal for PD estimation. The UE is assumed to be configured with one NZP CSI-RS set, where a NZP-CSI-RS-ResourceSet consists of two periodic NZP CSI-RS resources in one slot. The performance results are based on link level simulation assumptions utilized for previous PRS evaluation in RAN4, as defined in [5]. We show the DL timing offset error performance relative to true arrival timing at UE, derived from the 90%ile error CDF. It is assumed that the UE attempts detecting the first arrival path. The DL signal is assumed to be received from reference cell using FR1 and 15kHz SCS with an SNR of -6dB. Different multipath fading channels are considered.   
[bookmark: _Ref76118519]Table 1: 90%ile DL timing error in nanoseconds of CSI-RS for tracking (FR1, 15kHz SCS, -6dB SNR)
	DL #RBs
	DL BW
	TDL-A
	TDL-B
	TDL-C

	25
	5 MHz
	65.1
	97.7
	227.9

	52
	10 MHz
	32.6
	65.1
	97.7

	104
	20 MHz
	32.6
	48.8
	73.2

	268
	50 MHz
	20.4
	32.6
	40.7



Based on this results, it can be observed that the DL RX error when using CSI-RS for tracking is within the most strict DL error budget of ±117ns in most of the cases, except for 5MHz bandwidth in TDL-C channel, which presents more challenging multipath propagation environment. For the less strict DL error budget of ±377ns, all the evaluated configurations respect the budget. 
Observation 5: Existing DL reference signals such as CSI-RS for tracking (TRS) can meet the required DL error budget for Rx-Tx based PDC assuming the agreed UL RX error of ±100ns.  
UL timing error budget for RTT
For the analysis of DL timing error budget above it is assumed a fixed value for the BS UL timing estimation error of . But it is noted that different configurations of DL RS leaves room for different UL timing error budgets. For a Uu interface budget of ±145ns and ±275ns, the available budget for DL timing error and UL timing error together is ±217ns and ±477ns, respectively. If the DL timing errors shown in Table 1 are assumed, the remaining UL timing error budget for the most strict Uu budget is as shown in Table 2.
[bookmark: _Ref76118912]Table 2: UL timing error budget in nanoseconds with DL timing errors of Table 1 and Uu budget of ±145ns
	DL #RBs
	DL BW
	TDL-A
	TDL-B
	TDL-C

	25
	5 MHz
	151.9
	119.3
	-10.9

	52
	10 MHz
	184.5
	151.9
	119.3

	104
	20 MHz
	184.5
	168.2
	143.8

	268
	50 MHz
	196.7
	184.5
	176.3


Table 3: UL timing error budget in nanoseconds with DL timing errors of Table 1 and Uu budget of ±275ns
	DL #RBs
	DL BW
	TDL-A
	TDL-B
	TDL-C

	25
	5 MHz
	411.9
	379.3
	249.1

	52
	10 MHz
	444.5
	411.9
	379.3

	104
	20 MHz
	444.5
	428.2
	403.8

	268
	50 MHz
	456.7
	444.5
	436.3



The only case where the UL timing error should be lower than the agreed value for evaluation of 100ns corresponds, of course, to the case where the DL timing error is the highest and for the strictest Uu interface budget case. It is relevant to note that the UL and DL timing errors can be higher than the Uu budget, simply because these error values are divided by two in the computation of the PD estimate error.
Observation 6: The configuration of 10MHz DL CSI-RS for tracking (TRS) is sufficient for all the multipath scenarios, even for the strictest Uu interface error budget, and still gives room for higher UL RX timing errors.  

Proposal 10: RAN1 to conclude that CSI-RS, such as TRS, can be used as DL reference signal for Rx-Tx time difference estimation at UE side for RTT-based propagation delay compensation.    
Conclusion
In this contribution, we discuss identified open issues on propagation delay compensation enhancements from RAN1#104-bis-e. From this discussion on the propagation delay compensation evaluation assumptions we have the following observations and proposals:
Observation 1: If RAN1 sends out an LS to RAN4 in this meeting, the reply LS will be available earliest in the November meeting (RAN1#107-e), which exceeds to agreed deadline for sending an LS to RAN2 on the RRC parameter list.
Proposal 1: RAN1 must make a compromise in order to move PDC forward in time for support in Release-17. It is proposed to discuss and adopt Recommendation 3 from the RAN plenary email discussion. 
Proposal 2: errorBS,DL,TX (i.e. ±32.5 ns) is included in the equation for calculating the overall time synchronization for the control-to-control scenario 
Proposal 3: Support propagation delay compensation based on existing Rel-15/Rel-16 TA procedure at least for addressing use cases such as smart grid scenario, and do not consider the smart grid scenario any further in Release-17 evaluations. 
Proposal 4: When evaluating further the timing error using TA based PDC, TA adjustment error should be considered, while the initial transmission error Te does not apply as RAN1 assumed to have an updated NTA command received from the gNB after returning from DRX.
Observation 2: Te is not to be considered for Rx-Tx based PDC error modelling as it implies that the UE cannot measure its UL transmission time.
Observation 3: TAE is not to be considered for Rx-Tx based PDC error modelling as it implies that the gNB cannot measure its DL transmission time. 
Observation 4: The error caused by DL time tracking at the UE will be the same for both, SFN boundary estimation and PD estimation, as a) the gNB can coordinate the time of the TA procedure and the time of PD compensation and b) UE would apply the same DL time tracking for TA/Rx-Tx as for SFN boundary estimation.
Proposal 5: should only be accounted for in the SFN boundary estimation related errors and not in the PD estimation errors. 
Proposal 6: Adopt the following total error model for TA based PDC (Alt. 2 with Option 1):
, where 
Proposal 7: Adopt the following total error model for Rx-Tx based PDC:
 

Based on the discussions and evaluation of design of Rx-Tx based PDC method we have the following observations and proposals:
Proposal 8: The Rx-Tx configuration should contain:
· At least one DL RS configuration (FFS which configurations to support)
· At least one UL RS configuration (FFS which configurations to support)
· A relation between DL RS and UL RS (FFS whether to reuse the existing definition from 38.215)
Proposal 9: The Rx-Tx measurement report provided from the gNB to the UE should include at least:
· Rx-Tx measurement at fixed granularity (FFS which granularity)
· SRS-Resource-ID
Observation 5: Existing DL reference signals such as CSI-RS for tracking (TRS) can meet the required DL error budget for Rx-Tx based PDC assuming the agreed UL RX error of ±100ns.  
Observation 6: The configuration of 10MHz DL CSI-RS for tracking (TRS) is sufficient for all the multipath scenarios, even for the strictest Uu interface error budget, and still gives room for higher UL RX timing errors.  
Proposal 10: RAN1 to conclude that CSI-RS, such as TRS, can be used as DL reference signal for Rx-Tx time difference estimation at UE side for RTT-based propagation delay compensation.
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Appendix A1 – Error source assumptions
Table A1. Error source assumptions
	Notation from [1]
	15kHz SCS
	30kHz SCS

	Te
	±391ns
	±260ns

	errorTA_indication
	±260ns
	±130ns

	errorBS,UL,RX
	±100ns

	errorUE,DL-RX
	±100ns

	errorRxTxindication
	±8ns

	errorBS,DL,TX
	±32.5ns for control-to-control scenario
±100ns for smart grid scenario



Appendix A2 – Agreements from previous meetings
Agreements from RAN1#102e (email discussion in R1-2007068)
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 synchronization
	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.  

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.   
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;

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

Draft LS in R1-2007445 is approved, with final LS in R1-2007446.

Agreements from RAN1#103e (email discussion in R1-2009551)
Agreements:
· Take 65 ns as the assumption of transmit timing error for evaluation of the overall time synchronization error for control-to-control. 
· Asymmetry between downlink and uplink channel for smart grid scenario is not considered. 
· errorBS,DL,TX is included in the equation for calculating the overall time synchronization error. 

Agreements:
TA adjustment accuracy is not considered for the evaluation of time synchronization error. 

Agreements:
For evaluation of the overall time synchronization error for smart grid, companies can take one of the following two options as the assumption for BS transmit timing error:
· Option 1: 200 ns
· Option 2: 65 ns


Agreements from RAN1#104e (email discussion in R1-2101896)

Agreements: Take ±100 ns as the assumption for downlink frame timing detection error (errorUE,DL,RX) at the UE for evaluation of the overall time synchronization error for TA based propagation delay compensation, if downlink frame timing detection error needs to be considered separately.
· Send a LS to RAN4 to ask for clarification on whether downlink frame timing detection error is included in Te or not
· In the LS, to include more details about option 1 (included) & option 2 (not included); also including the necessary background 
· FFS whether to apply the same value to RTT-based propagation delay compensation, and the corresponding condition (if any) if the same value will be applied

Draft LS (in v008) (R1-2102224) is approved. Final LS in R1-2102245

Agreements from RAN1#104bis-e (email discussion in R1-2104136.zip)
Agreements: If downlink frame timing detection error needs to be considered separately from propagation delay estimation error, take ±100 ns as the assumption for downlink frame timing detection error (errorUE,DL,RX) at the UE for evaluation of the overall time synchronization error for RTT based propagation delay compensation
Agreements: Take the following equation for evaluation of the DL propagation delay estimation error for TA based propagation delay compensation:
[image: ]
· Either option 1 or option 2 below will be applied based on the RAN4 reply to RAN1 LS R1-2102245.    
[image: ]
· FFS whether errorBS,DL,TX in the above equation should be included or not. 

Agreements:
· Observation 1: Propagation delay compensation based on existing Rel-15/Rel-16 TA procedure and associated granularity, with no enhancements in RAN1, is sufficient for meeting the Uu interface synchronicity error budget in LS R2-2010837 for the smart grid scenario.  
· Observation 2: RAN1 needs to further study and specify the feasible enhancement (if any with RAN1 spec impact) for propagation delay compensation for control-to-control scenario, in order to meet the synchronicity budget of Uu interface in LS R2-2010837. 

Working assumption:
[image: ]
Agreement:
Take the following as the evaluation assumptions for both RTT-based PDC and TA-based PDC.   
· The UE may acquire an up-to-date PD estimation after waking up from DRX. This implies that gNB may signal an update timing advance value or complete a Rx-Tx measurement procedure.
· errorUE,DL,RX is based on other signals (e.g. CSI-RS) instead of SSB.
· errorBS, UL,RX iss based on other uplink signals instead of contention based PRACH, e.g. SRS.  
· Further study and specify new procedure/signaling (if necessary) to ensure that the PD estimation can be acquired after DRX for the adopted PDC method.

Agreement:
Existing DL reference signal(s) are used for Rx – Tx time difference estimation at UE side for RTT-based propagation delay compensation, if RTT-based propagation delay compensation is supported.   
· FFS whether PRS can be used for UE Rx – Tx time difference estimation or not  
· FFS which DL reference signal(s) to be used if/when PRS is not used

Conclusion:
· Leave it to RAN2 to decide whether to support UE based compensation and/or gNB based compensation for any propagation delay compensation method RAN1 may adopt for Rel-17, if applicable.
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