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[bookmark: _Ref83278801]Introduction
In last RAN2 meeting, below agreements on PDC were reached.
RAN2#116e 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
Meanwhile, RAN1 agreed RTT-based PDC and sent an LS [1] to RAN2/RAN4. This contribution will discuss below PDC issues based on RAN1 and RAN2 agreements.
· RTT-based PDC
· Coexistence of RTT-based PDC and TA-based PDC
· Clarification of reference time information
Discussion
RTT-based PDC
The principle of RTT-based PDC
[bookmark: OLE_LINK30][bookmark: OLE_LINK31]RTT-based PDC is performed via the measurements of a pair of TRS/PRS and SRS. UE estimates UERx-Tx via TRS/PRS, and gNB estimates gNBRx–Tx via the associated SRS. Then the DL propagation delay for compensation is PDL = (UERx-Tx +gNBRx –Tx)/2 (as described in Figure 1). 
[image: ]
[bookmark: _Ref90995882]Figure 1 The principle of RTT-based PDC
TRS/PRS and SRS configuration 
In TS38.305 and TS37.355 for positioning, multiple TRPs are involved. So RAN2 discussed TRP identification and PRS/SRS pair identification in [2]. However, RAN1 agreed that only one pair of TRS/PRS and SRS can be configured to UE for RTT-based PDC. This agreement is reflected in agreed RAN1 CR below. Note that this pair of TRS/PRS and SRS is used for PDC only (not for positioning).
	[bookmark: _Toc29673232][bookmark: _Toc29673373][bookmark: _Toc29674366][bookmark: _Toc36645596][bookmark: _Toc45810645][bookmark: _Toc83310230]R1-2112950: CR of TS38.214
9	UE procedures for transmitting and receiving for RTT-based propagation delay compensation
For operation with RTT-based propagation delay compensation, the UE may be configured with either:
-	one CSI-RS for tracking with higher layer parameter pdc-Info for Rx – Tx time difference estimation at UE side and one SRS resource set with usage-r17, or
-	one PRS configuration of higher layer parameter NR-DL-PRS-PDC-ResourceSet-r17 [12, TS 38.331] for Rx – Tx time difference estimation at UE side and one SRS resource set with usage-r17.
The related UE procedures for transmitting uplink reference signals and receiving downlink reference signals for RTT-based propagation delay compensation are defined as follows:
-	for reception of CSI-RS for tracking with higher layer parameter pdc-Info, the UE follows the procedures for reception of CSI-RS for tracking defined in Clause 5.1.6.1.1.  
-	for reception of the one PRS configuration provided by RRC [12, TS 38.331] for RTT-based propagation delay compensation, the UE follows the procedure for PRS reception defined in Clause 5.1.6.5 using the configuration information provided by NR-DL-PRS-PDC-ResourceSet-r17 instead of NR-DL-PRS-ResourceSet.
-	for transmission of an SRS resource set configured with usage-r17, the UE follows the procedures for SRS transmission defined in Clause 6.2.1.


Observation 1: Only one pair of TRS/PRS and SRS is configured to UE for RTT-based PDC via unicast RRC signalling.
Observation 2: The pair of TRS/PRS and SRS configured for RTT-based PDC shall not be reused for positioning.
According to the two observations, configuring a UE with one pair of TRS/PRS has no other objective but to let the UE measuring the Rx-Tx time difference for RTT-based PDC purpose. Therefore, this only configuration is sufficient to also activate the Rx-Tx time difference measurement at the UE and there is no need for any other dedicated indication for that.
Proposal 1: Configuring a UE with one pair of TRS/PRS implicitly activates the measurement of Rx-Tx time difference for RTT-based PDC purpose. No need to introduce activation/deactivation mechanism.
Procedure of RTT-based PDC
RAN2 agreed that “RAN2 assumes that gNB can perform pre-compensation.” in RAN2#115e,
Moreover RAN1 agreed in RAN1#106bis-e:
	Agreement
If RTT-based propagation delay compensation is supported and performed at the UE side, the Rx-Tx measurement report provided from the gNB to the UE should include at least:  
· gNB Rx-Tx time difference at a given granularity
· FFS whether to include SRS-Resource-ID

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



[bookmark: _GoBack]From above agreements, RAN1 assumes that RTT-based PDC can be performed at UE side or at gNB side (pre-compensation). Hence we check below the procedure in both cases.
· RTT-based PDC in UE side
Taking the generic procedure of Figure 1 as a reference, gNB measures gNB Rx-Tx time difference (gNBRx-Tx) by implementation from the received SRS and reports it to the UE when it estimates that a PDC adjustment is needed in the UE. UE performs PDC according to the received gNBRx-Tx and UERx-Tx measured by UE itself. 


Figure 2 The procedure of RTT-based PDC for UE-based PDC
When UE receives gNB measurement report containing gNBRx-Tx, it performs UE-based PDC. In other words, UE cannot perform RTT-based PDC if the gNB measurement report containing gNBRx-Tx is not received, and that measurement reports effectively acts as an implicit control of the UE-based PDC activation.  On the other hand, RAN2 agreed (see Section 1) that “The gNB can enable/disable UE-side PDC via unicast and broadcast RRC signalling”. However, from above discussion, such indication already exists as part of the measurement framework for the RTT-based method, therefore the new signaling of the RAN2 agreement is only needed for the TA-based PDC.  
Proposal 2: The new explicit signaling enabling/disabling UE-side PDC is applied to TA-based PDC only. For RTT-based PDC, it is implicitly implemented by the gNB measurement report containing gNBRx-Tx.
In terms of signaling details, we think the gNB measurement report containing gNBRx-Tx can be included in DLInformationTransfer message. 
Proposal 3: For RTT-based PDC in UE side, gNB measurement report containing gNBRx-Tx can be included in DLInformationTransfer message.

· RTT-based PDC in gNB side
If RTT-based PDC is performed in gNB side, the procedure is shown in Figure 3. In this procedure, UE can receive TRS/PRS and measure UERx-Tx by implementation after TRS/PRS is configured. When it receives a UE measurement report request from gNB, UE should measure the newest UERx-Tx and report it to the gNB. Similarly, gNB can receive SRS and measure gNBRx-Tx by implementation after SRS is configured. When gNB estimates that PDC is needed, it sends a UE measurement report request to the UE and then performs PDC based on UERx-Tx report and the corresponding gNBRx-Tx in gNB side.


[bookmark: _Ref92568823]Figure 3 The procedure of RTT-based PDC for gNB-based PDC
So the question is how to trigger the UE measurement report. There are three options to trigger the UE measurement report:
Option 1: triggered by gNB signaling explicitly
In option 1, the gNB signaling could be RRC signaling, MAC CE or L1 signaling. Compared with MAC CE and L1 signaling, RRC signaling has highest reliability with largest time latency. Considering the UE measurement report is an RRC signaling, the quick trigger of the UE measurement report is not much justified. RRC signaling is enough to trigger the one-shot UE measurement report.
The trigger of UERx-Tx report could be included in DLInformationTransfer or RRCReconfiguration. RAN2 can discuss it further.
Proposal 4: For gNB-based PDC, UE measurement report containing UERx-Tx should be triggered by RRC signaling explicitly (via DLInformationTransfer or RRCReconfiguration).
Option 2: triggered periodically
Although UE can receive TRS/PRS and calculate UERx-Tx periodically, it doesn’t mean that UE needs to report the measurement report periodically. PDC should be performed only when needed, which is assessed by gNB (e.g. UE moves away from the gNB). Thus, the periodic UE measurement report is not necessary.
Option 3: event trigger
PDC is controlled by gNB as a baseline. Now, introducing on top some event trigger of UE measurement report would mean UE knows the propagation delay status but gNB is not aware. We do not think this is a realistic case. Hence event trigger of UE measurement report is not needed either.
Proposal 5: Neither periodic UE measurement report nor event trigger UE measurement report is needed. 
The UE measurement report for RTT-based PDC can include UE Rx-Tx time difference only. The information of UERx-Tx is simple and its reporting range will be decided by RAN4. To accommodate this report, UEAssistanceInformation or MeasurementReport could be considered. Considering the mandatory fields in MeasResults are not needed for UERx-Tx report, UEAssistanceInformation is preferred.
Proposal 6: UE measurement report containing UERx-Tx should be introduced and it can be included in UEAssistanceInformation.
Coexistence of RTT-based PDC and TA-based PDC
According to the approved RAN1 CRs [6], RTT-based PDC has no impact on the procedure of UL timing adjustment, that is, RTT-based PDC is used to adjust the received reference time information (in either SIB9 or DLinformationTransfer message) only. UL TA mechanism is a basic procedure in 5G. The legacy TA-based procedure of uplink timing adjustment of PUSCH/SRS/PUCCH transmission, as in Clauses 5.2 and 4.2 of 38.321 and 38.213 respectively, is kept untouched and is running independently of the DL PDC procedure.
Proposal 7: Confirm that legacy TA-based procedure of uplink timing adjustment in PHY and MAC specification is kept untouched and is running independently of the DL PDC procedure.
Per Proposal 2, the UE applies TA-based PDC when enabled by gNB. Then the question is: can RTT-based and TA-based PDC be configured concurrently?
There are below options for considering the coexistence of RTT-based PDC and TA-based PDC in UE side:
· Option 1: gNB is not expected to both configure RTT-based PDC and enable TA-based PDC.
· Option 2: when RTT-based PDC parameters are configured, UE starts measuring UERx-Tx but implements TA-based PDC (if enabled) until it receives gNBRx-Tx measurement from gNB, which triggers a reference time adjustment in the UE based on the RTT procedure. FFS whether the TA-based procedure continues after that or is suspended.
· Option 3: up to UE implementation.
If gNB configures the UE for running the RTT-based procedure, it is because higher accuracy is needed for maintaining the reference time in the UE. Hence there is no need (makes no sense) to have concurrent reference time adjustments by both procedures, one very accurate and one less accurate because the reference time adjustments of the latter will degrade those from the former. Hence it is simpler to consider that if the NW configures the UE for implementing the RTT-based PDC, it will not enable TA-based PDC. So option 1 is preferred. For option 1, when RTT-based PDC is configured, UE shall not perform TA-based PDC and gNB does not need to disable UE-side PDC explicitly.
Proposal 8: When RTT-based PDC is configured, UE shall not perform TA-based PDC.
Clarification of reference time information
In last meeting, RAN2 agreed “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.” It looks like the agreement is applied when SIB9 and DLInformationTransfer message are received as the same time, i.e. overlap. But it is unclear if it also applies when SIB9 and DLInformationTransfer message are received at different times.
We may have 2 possible understandings:
· UE should apply the “freshest” reference time information no matter it is included in  SIB9 or DLInformationTransfer message;
· As soon as it receives one, UE should always apply reference time information in DLInformationTransfer messages and disregard reference time information in SIB9.
Use cases for using dedicated signaling are:
1. The Master clock UE synchronizes to has a different reference timing than the Master clock gNB synchronizes to, and is also different from other UEs’ master clock(s). In such case, it is obvious that the UE should disregard the broadcasted reference clock.
1. The accuracy and stability of the Master clock UE synchronizes to is very poor (order of magnitude worse than 5GS clock) and requires frequent updates from the NW to follow its deviations. In such case, gNB needs to send frequent updates to such UE via dedicated signaling and the broadcasted reference time is of no use for the UE on top of all dedicated updates.
Based on the above, the previous agreement can be taken in the wide sense: as soon as a UE receives its reference time information via dedicated signaling, it ignores all further reference time information received over SIB9.
Proposal 9: As soon as a UE receives its reference time information via dedicated signaling, it ignores all further reference time information received over SIB9.
[bookmark: OLE_LINK11][bookmark: OLE_LINK10][bookmark: OLE_LINK88][bookmark: OLE_LINK89]Conclusion
[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK47][bookmark: OLE_LINK48]According to the analysis in section 2, we reached below observations and proposals.
Observation 1: Only one pair of TRS/PRS and SRS is configured to UE for RTT-based PDC via unicast RRC signalling.
Observation 2: The pair of TRS/PRS and SRS configured for RTT-based PDC shall not be reused for positioning.
Proposal 1: Configuring a UE with one pair of TRS/PRS implicitly activates the measurement of Rx-Tx time difference for RTT-based PDC purpose. No need to introduce activation/deactivation mechanism.
Proposal 2: The new explicit signaling enabling/disabling UE-side PDC is applied to TA-based PDC only. For RTT-based PDC, it is implicitly implemented by the gNB measurement report containing gNBRx-Tx.
Proposal 3: For RTT-based PDC in UE side, gNB measurement report containing gNBRx-Tx can be included in DLInformationTransfer message.
Proposal 4: For gNB-based PDC, UE measurement report containing UERx-Tx should be triggered by RRC signaling explicitly (via DLInformationTransfer or RRCReconfiguration).
Proposal 5: Neither periodic UE measurement report nor event trigger UE measurement report is needed. 
Proposal 6: UE measurement report containing UERx-Tx should be introduced and it can be included in UEAssistanceInformation.
Proposal 7: Confirm that legacy TA-based procedure of uplink timing adjustment in PHY and MAC specification is kept untouched and is running independently of the DL PDC procedure.
Proposal 8: When RTT-based PDC is configured, UE shall not perform TA-based PDC.
Proposal 9: As soon as a UE receives its reference time information via dedicated signaling, it ignores all further reference time information received over SIB9.
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