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Regarding the propagation delay compensation (PDC), the following agreements have been achieved in RAN1 and RAN2:
RAN2#115 Agreements [1]:
Agreements
1. RAN2 assumes that gNB can perform pre-compensation.  RAN2 agrees to introduce signalling to enable/disable UE-side PDC.  
1. The gNB can enable/disable UE-side PDC via unicast-RRC signalling for Rel-17
1. RAN2 shall wait for RAN1 to decide the measurement framework for RTT based PDC method and does not preclude UE-side PDC or gNB based pre-compensation at this point.  RAN2 is expecting guidance from RAN1 on what is needed.  
1. UE Assistance information from the UE which could for example be used by gNB to activate PDC is not supported
1. Implicit activation of UE-side PDC when a pre-configured threshold is met is not supported
1. UE-based trigger for TA update or RACH procedure for PDC are deprioritized for Release 17

RAN2#116 Agreements [2]:
Agreements
1. The gNB can enable/disable UE-side PDC via unicast and broadcast RRC signalling.  
2. A new RRC parameter can be introduced to explicitly enable/disable UE-side PDC
3. When reference time information is received in both the DLInformationTransfer message and the SIB9, the UE applies the reference time info in the DLInformationTransfer message.  The UE will follow dedicated signaling if timing reference is received in both unicast and broadcast
4. The timing synchronization in I-IoT should focus on the signaling between the UE and gNB, i.e. different from Multi-RTT based signalling flow which involving LMF and AMF

RAN1#107e Agreements [3]:
	Agreement
If RTT-based PDC is supported, a single granularity 32Tc (i.e. k=5) is supported for Rx-Tx measurement report. 
Agreement
For Rel-17 
· Support RTT-based PDC method 
· Support PDC method based on legacy TA-based mechanism
· No RAN1/RAN4 specification impact expected
Agreement
For RTT-based PDC, existing definitions of UE Rx – Tx time difference (i.e. section 5.1.30 in TS 38.215) and gNB Rx – Tx time difference (i.e. section 5.2.3 in TS 38.215) are reused, with updates at least to reflect the single pair of TRS/PRS and SRS configured for RTT-based PDC.
Agreement
Send an LS to RAN2 and RAN4 with the content including:
· The agreements made in RAN1#107-e for propagation delay compensation.
· Ask RAN4 to define the following for RTT-based propagation delay compensation:
· UE Rx-Tx time difference measurement accuracy based on CSI-RS for tracking
· UE Rx-Tx time difference measurement accuracy based on PRS (including reuse existing spec if appropriate)
· gNB Rx-Tx time difference absolute accuracy based on SRS (including reuse existing spec if appropriate)
· Inform RAN4 that enhanced TA-based PDC with reduced Te and enhanced TA command granularity is precluded in RAN1.
Agreement
For RTT-based propagation delay compensation, the Rx-Tx time difference is reported via RRC signalling.



In the last RAN1 meeting, RAN1 has made the final decision on PDC solution, e.g. legacy TA based PDC and RTT-based PDC are both supported. In this paper, we will discuss the impacts of both PDC solutions to RAN2.
Discussion
Validation of propagation delay value
In RAN2#116, the following was agreed:
	Agreements:
1. The gNB can enable/disable UE-side PDC via unicast and broadcast RRC signalling.
2. A new RRC parameter can be introduced to explicitly enable/disable UE-side PDC.


Based on the agreements, it is our understanding that when configured to enable UE-side PDC, one UE should not deliver the received reference time information to the upper layer without performing PDC.
Proposal1: When configured to enable UE-side PDC, one UE should not deliver the received reference time information to the upper layer without performing PDC.
The propagation delay value, either obtained by UE via legacy TA-based or Rel-17 RTT-based mechanisms, can be considered valid for PDC in a certain geographical area centered on the location where the UE obtains the reference time information. In other words, if the distance between where one UE obtains the propagation delay value and where the UE obtains the reference time information is longer than a threshold (i.e. valid distance), the PDC cannot be performed as the propagation delay value and reference time information are not match.
Observation1: If the distance between where one UE obtains the propagation delay value and where the UE obtains the reference time information is longer than a valid distance, the PDC cannot be performed as the propagation delay value and reference time information are not match. 
As positioning function is not mandatory to URLLC UE, it is hard for a URLLC UE to determine whether a propagation delay value and reference time information are a match based on distance. To simplify UE implementation, a valid time can be introduced instead. If the time difference between when propagation delay value is obtained and when the reference time information is received is shorter than the valid time, the propagation delay value and the reference time information are considered as a match and the PDC can be performed. Otherwise, the PDC cannot be performed.
Proposal2: A valid time is introduced. If the time difference between when propagation delay value is obtained and when the reference time information is received is shorter than the valid time, the propagation delay value and the reference time information are considered as a match and the PDC can be performed. Otherwise, the PDC cannot be performed.
The valid time can be determined by the valid distance and the UE moving speed, which can be deduced by the network implementation, hence we propose: 
Proposal3: Network always configures UE with a valid time for PDC when UE-side PDC is enabled and may determine the value of the valid time based on UE’s moving speed. 
RTT based PDC solution
· Issue 1: Which node(s) perform PDC
In previous RAN2 meeting, RAN2 has discussed which node performs PDC if RTT-based PDC solution is supported. The following agreement is achieved from RAN2 respective.
RAN2#115 Agreement
RAN2 shall wait for RAN1 to decide the measurement framework for RTT based PDC method and does not preclude UE-side PDC or gNB based pre-compensation at this point. RAN2 is expecting guidance from RAN1 on what is needed. 
Regarding this issue, RAN1 achieved the following agreement:
RAN1#106b Agreement
If RTT-based propagation delay compensation is supported and performed at the gNB side, the Rx-Tx measurement report provided from the UE to the gNB should include at least:  
· UE Rx-Tx time difference at a given granularity
For the issue of which node performs PDC, RAN2 hopes to get guidance from RAN1. According to the latest RAN1 agreements, RAN1 has supported gNB based PDC. Even though RAN1 does not mention the UE based PDC, it is up to RAN2 to determine which node(s) perform PDC based on the previous agreement. From RAN2 respective, UE based PDC is also technically feasible if NW can provide the Rx-Tx measurement result to UE. 
Proposal 4: For RTT-based PDC, UE-side PDC and gNB based pre-compensation are both supported. 
RAN1 has agreed that UE Rx-Tx time difference is provided to NW via RRC signaling for supporting the gNB based pre-compensation. Similarly, if UE-side PDC is enabled, NW shall provide the NW Rx-Tx time difference to UE via RRC signaling. 
Proposal 5: For RTT based PDC, if UE-side PDC is enabled, NW shall provide the NW Rx-Tx time difference to UE via RRC signalling.
· Issue 2: Which info should be carried in RRC signalling
In RAN1# 107 meeting, RAN1 has agreed that the Rx-Tx measurement report is provided via RRC signalling with a single granularity 32Tc as following. 
RAN1#107 Agreement
If RTT-based PDC is supported, a single granularity 32Tc (i.e. k=5) is supported for Rx-Tx measurement report. 
From RAN2 respective, RAN2 should consider which kind of information should be carried in RRC signalling. For this issue, we suggest learning from the signalling design in the positioning WI, where the NR-Multi-RTT-SignalMeasurementInformation IE as following is used by the target device to provide NR Multi-RTT measurements to the location server. 
NR-Multi-RTT-SignalMeasurementInformation
-- ASN1START

NR-Multi-RTT-SignalMeasurementInformation-r16 ::= SEQUENCE {
	nr-Multi-RTT-MeasList-r16		NR-Multi-RTT-MeasList-r16,
[bookmark: _Hlk42710993]	nr-NTA-Offset-r16				ENUMERATED { nTA1, nTA2, nTA3, nTA4, ... }		OPTIONAL,
	...
}

NR-Multi-RTT-MeasList-r16 ::= SEQUENCE (SIZE(1..nrMaxTRPs-r16)) OF NR-Multi-RTT-MeasElement-r16

NR-Multi-RTT-MeasElement-r16 ::= SEQUENCE {
	dl-PRS-ID-r16					INTEGER (0..255),
	nr-PhysCellID-r16				NR-PhysCellID-r16								OPTIONAL,
	nr-CellGlobalID-r16				NCGI-r15										OPTIONAL,
	nr-ARFCN-r16					ARFCN-ValueNR-r15								OPTIONAL,
	nr-DL-PRS-ResourceID-r16		NR-DL-PRS-ResourceID-r16						OPTIONAL,
	nr-DL-PRS-ResourceSetID-r16		NR-DL-PRS-ResourceSetID-r16 					OPTIONAL,
	nr-UE-RxTxTimeDiff-r16			CHOICE {
			k0-r16						INTEGER (0..1970049),
			k1-r16						INTEGER (0..985025),
			k2-r16						INTEGER (0..492513),
			k3-r16						INTEGER (0..246257),
			k4-r16						INTEGER (0..123129),
			k5-r16						INTEGER (0..61565),
			...
	},
	nr-AdditionalPathList-r16		NR-AdditionalPathList-r16						OPTIONAL,
	nr-TimeStamp-r16				NR-TimeStamp-r16,
	nr-TimingQuality-r16			NR-TimingQuality-r16,
	nr-DL-PRS-RSRP-Result-r16		INTEGER (0..126)								OPTIONAL,
	nr-Multi-RTT-AdditionalMeasurements-r16
									NR-Multi-RTT-AdditionalMeasurements-r16			OPTIONAL,
	...
}

RAN1 has agreed that a single pair of TRS/PRS and SRS is configured for RTT-based PDC, thus the dl-PRS-ID-r16 field may be not needed. In R16, the reference cell of referencetime IE is Pcell. It is reasonable that the PD estimation is based on Pcell. Thus, the cell infos (i.e., nr-PhysCellID-r16, nr-CellGlobalID-r16, nr-ARFCN-r16) are also not needed in RTT based PDC solution. For RX-TX time difference, RAN1 has agreed a single granularity 32Tc (i.e. k=5) is supported. Thus, nr-UE-RxTxTimeDiff-r16 field with k5-r16 can be reused in RTT based PDC solution. It is not clear that whether the other remaining field (e.g., nr-TimeStamp-r16) is needed for RTT-based PDC or not, which may need further input from RAN1.
Proposal 6：Take NR-Multi-RTT-SignalMeasurementInformation IE as baseline, RAN2 to discuss which field(s) can be reused to indicate the UE/NW Rx-Tx time difference for RTT based PDC.
The enable/disable UE-side PDC indication
In RAN2#116 meeting, RAN2 has agreed that “The gNB can enable/disable UE-side PDC via broadcast RRC signalling”. This is applied to the scenario that the cell coverage is rather small. Under this use case, the error caused by the one-way delay is even smaller than the error caused by the PDC itself, thus there is no need for UE to perform PDC. Considering this motivation, one bit enable/disable UE-side PDC indication in broadcast signalling is enough, which can be put in SIB1.
Proposal 7: The enable/disable UE-side PDC indication is broadcasted in SIB1.
Several time synchronization scenarios are involved in R17, and different scenarios have different requirements of time synchronization accuracy on the Uu interface. Based on RAN1 agreement, the legacy TA-based PDC solution is enough for scenario 3. Since scenario 2 has a more accurate time synchronization requirement than other scenarios, then the newly introduced RTT-based PDC solution should be applied to scenario 2. Thus, the enable/disable UE-side PDC indication via unicast signalling shall be able to distinguish different scenarios or different PDC solutions.
For RTT based PDC solution, RAN1 has agreed that single pair of TRS/PRS and SRS is configured for RTT based PDC. As UE-side PDC and gNB based pre-compensation are both supported for RTT based PDC solution, the configuration of UL/DL reference signal can only be used to indicate that the RTT based PDC should be performed. Thus, additional enable/disable UE-side PDC indication should be introduced for RTT based PDC. If UE-side PDC is enabled for RTT based PDC, NW shall provide Rx-Tx time difference to UE. If UE side PDC is disable and single pair of TRS/PRS and SRS is configured for RTT based PDC, UE shall provide Rx-Tx time difference to NW. Combination with legacy TA based PDC, separate enable/disable UE-side PDC indications for TA based and RTT based PDC are introduced in unicast signalling, respectively.
Proposal 8: Separate enable/disable UE-side PDC indications for TA based and RTT based PDC are introduced in unicast signalling, respectively.
If the enable/disable UE-side PDC indications for TA-based and RTT-based PDC are absent in unicast signalling and broadcast signalling, UE under IIOT scenario should follow R16 mechanism, i.e., it is up to UE to perform PDC.
Proposal 9: If the enable/disable UE-side PDC indications are absent in unicast and broadcast signalling, UE follows R16 behavior.
UE capability for PDC
Based on previous RAN2 discussion, the majority view thinks the PDC mechanism should be implemented when the UE is in RRC_CONNECTED mode. Such a feature should be optional. The reason is that only the UE that serves TSN services needs to support PDC mechanism. Accordingly, it is necessary to introduce a new UE capability to support R17 PDC mechanism. Currently, legacy TA-based PDC and RTT-based PDC are both supported. As these two PDC solutions are applied to different scenarios, it is reasonable to introduce separate UE capabilities for legacy TA-based PDC and RTT-based PDC, respectively.
[bookmark: _Toc85796267]Proposal 10: Introduce separate UE capabilities on the support of legacy TA-based PDC and RTT-based PDC, respectively.
Conclusions
Based on the analysis given above, we have the following proposals:
Proposal1: When configured to enable UE-side PDC, one UE should not deliver the received reference time information to the upper layer without performing PDC.
Proposal2: A valid time is introduced. If the time difference between when propagation delay value is obtained and when the reference time information is received is shorter than the valid time, the propagation delay value and the reference time information are considered as a match and the PDC can be performed. Otherwise, the PDC cannot be performed.
Proposal3: Network always configures UE with a valid time for PDC when UE-side PDC is enabled and may determine the value of the valid time based on UE’s moving speed. 
[bookmark: _Toc502437832][bookmark: _GoBack]Proposal 4: For RTT based PDC, UE-side PDC and gNB based pre-compensation are both supported.
Proposal 5: For RTT based PDC, if UE-side PDC is enabled, NW shall provide the NW Rx-Tx time difference to UE via RRC signalling.
Proposal 6：Take NR-Multi-RTT-SignalMeasurementInformation IE as baseline, RAN2 to discuss which field(s) can be reused to indicate the UE/NW Rx-Tx time difference for RTT based PDC.
Proposal 7: The enable/disable UE-side PDC indication is broadcasted in SIB1.
Proposal 8: Separate enable/disable UE-side PDC indications for TA based and RTT based PDC are introduced in unicast signalling, respectively.
Proposal 9: If the enable/disable UE-side PDC indications are absent in unicast and broadcast signalling, UE follows R16 behavior.
Proposal 10: Introduce separate UE capabilities on the support of legacy TA based PDC and RTT based PDC, respectively.
Reference
[1] RAN2#115 meeting minutes.
[2] RAN2#116 meeting minutes.
[3] RAN1#107 meeting minutes.

	
