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1	Introduction
For the Rel-17 URLLC/IIoT WI, RAN2 is directed to investigate possible enhancements in the following area: 
· Propagation delay compensation enhancements (including mobility issues, if any). [RAN2, RAN1, RAN3, RAN4]
The following time synchronization target on the Uu interface is agreed in the last meeting
	Scenario
	Single Uu interface Budget

	Control-to-Control
	±145ns to ±275ns

	Smart Grid
	±795ns to ±845ns


The decision on propagation delay compensation (PDC) option is up to RAN1, and RAN2 should wait for RAN1. In this paper, we update our arguments regarding the mobility issues compared to the previously submitted papers. 
[bookmark: _Ref178064866]2	Discussion
2.1	Maintaining 5G Reference time during mobility
Once a UE has received a 5G reference time from a gNB and adjusted it to reflect the downlink Propagation Delay (PD), it is expected to maintain it with suitable accuracy until the next refresh thereof (e.g. UE implementations supporting the TSN – 5G interworking use case can be reasonably expected to support an acceptable clock stability such as that of a stratum 3 clock). At RAN2#110-e the following was agreed:
· UE can calculate/predict the reference timing based on DL timing information after receiving the referenceTimeInfo from gNB once. (No spec impact)
In other words, there is no UE clock drift issue in relation to maintaining the 5G reference time with sufficient accuracy between refreshes thereof. During handover the ability to perform 5G reference time refreshes using RRC unicast signaling may be temporarily disabled since only a limited amount of RRC signaling may be available during mobility. This is not seen as being problematic since a UE intended for use in the 5G-TSN interworking use case can be expected to have the ability to maintain a sufficiently accurate 5G reference time during the time required to perform mobility. RAN2 can therefore consider a sufficiently stable UE clock to exist during the entire time period required to perform mobility so that there is no concern regarding having to refresh the 5G reference time during mobility and using it to determine propagation delay compensation at any time during mobility. 
Observation 1: 	UE is expected to have a sufficient level of clock stability such that it is of no concern regarding using the 5G reference time to determine propagation delay compensation during mobility.

In both use cases (i.e., control-to-control and smart-grid), all gNBs are synchronized to the same master clock. In the control-to-control use case, it is the 5G system clock to which all gNBs are synchronized to and in the smart grid use case, it is the GNSS clock. In other words, there is no difference regarding whether the 5G reference time is delivered from the source gNB or from the target gNB. 
Observation 2: 	With respect to the accuracy of 5G reference time delivery, all gNBs are synchronized to the same master clock and it therefore makes no practical difference if UE receives the 5G reference clock from source gNB or target gNB. 

Considering that a gNB may need to periodically refresh the 5G reference time using broadcast/unicast methods, the nominal periodicity of reference time delivery Tn is deployment dependent. For example, Tn can reflect inter-gNB clock stability and inter-gNB clock synchronization if multiple gNBs are involved to cover the control-to-control scenario.
During handover, a UE’s connection to the gNB which transmits the reference time might be lost temporarily (e.g., limited RRC signaling supported during handover). After a successful handover, a UE is connected to a second gNB for which there are delays in preparing reference time delivery from the second gNB, not only because of the propagation delay from this second gNB to the UE is different from the first gNB to the UE, but also because of the time it takes for the second (target) gNB to prepare the information comprising the reference time. This is depicted in the below Figure 1.
[image: ]
[bookmark: _Ref52962315]Figure 1 Interruption time due to mobility
The interruption time needs to be considered when deciding the periodicity of the reference time transmission from the gNB. Due to the interruption, the worst-case delay between two reference time deliveries is t1 + t2. If the nominal reference time delivery periodicity Tn is once per t1, a non-zero interruption time t2 means that t1 + t2 > Tn. To mitigate the impact of the interruption time t2 the periodic refresh (t1) should be made smaller (more frequent) to help reduce the time from the last reference time transmission in the source cell until handover is finished. A smaller periodic refresh period means a large periodic signalling overhead on the Uu interface. On the contrary, reducing interruption time t2 in reference time delivery (due to handover interruption and target cell preparation time) can reduce periodic signalling overhead on the Uu interface. The periodicity of refreshing the 5G reference time must be set so that the increase in uncertainty it experiences over the largest of t1 and t2 is small enough to ensure the uncertainty threshold of the 5G reference time is satisfied (e.g. < 200ns between refreshes). 
Observation 3: 	Reducing interruption time in 5G reference time delivery (due to handover interruption and target cell preparation time) can reduce periodic signalling overhead on the Uu interface. 

Support for the Dual Active Protocol Stack (DAPS) feature allows user plane payload such as gPTP signaling (i.e., TSN GM clock refresh related signaling) to be transmitted on DRBs at any point during UE mobility (handover). But DAPS feature requires dual-radio chains and thus a significant UE implementation complexity. More importantly, 5G reference time delivery is transmitted on DLInformationTrasnfer in SRB1/2 and DAPS does not support SRB. See below (TS 38.331 v16.3.1) that the configuration for DAPS daps-Config-r16 is only present in DRB-ToAddMod but not SRB-ToAddMod.
SRB-ToAddMod ::=                        SEQUENCE {
    srb-Identity                            SRB-Identity,
    reestablishPDCP                         ENUMERATED{true}                                        OPTIONAL,   -- Need N
    discardOnPDCP                           ENUMERATED{true}                                        OPTIONAL,   -- Need N
    pdcp-Config                             PDCP-Config                                             OPTIONAL,   -- Cond PDCP
    ...
}

DRB-ToAddMod ::=                        SEQUENCE {
    cnAssociation                           CHOICE {
        eps-BearerIdentity                      INTEGER (0..15),
        sdap-Config                             SDAP-Config
    }                                                                                               OPTIONAL,   -- Cond DRBSetup
    drb-Identity                            DRB-Identity,
    reestablishPDCP                         ENUMERATED{true}                                        OPTIONAL,   -- Need N
    recoverPDCP                             ENUMERATED{true}                                        OPTIONAL,   -- Need N
    pdcp-Config                             PDCP-Config                                             OPTIONAL,   -- Cond PDCP
    ...,
    [[
    daps-Config-r16                         ENUMERATED{true}                                        OPTIONAL     --Need N
    ]]
}
Observation 4:	Zero handover interruption time requires DAPS and DAPS does not support SRB (in which RRC unicast reference time delivery is transmitted).
One thing to emphasize is that the handover interruption time is different from the above discussed issue regarding the target gNB preparation time. Even with zero handover interruption time, there is a need for the target gNB to acquire the knowledge that the UE needs reference time delivery so that the target gNB can prepare the reference time delivery early on. 

Therefore, it is beneficial for the target gNB to know that a UE needs reference time delivery as early as possible, for example, already in the ”Handover Request Command” in Xn interface. Another way to indicate is through the UEAssitanceInformation in the HandoverPreparationInformation message from the source gNB/source RAN to target gNB or CU to DU, but this is only feasible if UE supports and sends 5G reference time request on RRC by UE assistance information (which is not true for all UEs in all deployments). 
In Rel-16, RAN3 has discussed the 5G reference time generation at CU and DU for unicast message and broadcast message. Enhancements are needed when the target gNB receives such an indication that the UE needs a 5G reference time (e.g., in UEAssitanceInformation of the HandoverPreparationInformation message). The principle is that upon the reception of the information, the target gNB should prepare for transmission of the 5G reference time. The indication can be used:
· To save the reference time delivery latency by early preparation: trigging the time reference reporting from the gNB-DU for unicast delivery; triggering the DU to broadcast SIB9 including the 5G reference information. 
· To adjust the existing delivery mechanism: triggering adjustment of the existing time reference reporting period between CU and DU, due to the new UE with a different requirement that results in a different reference time delivery regarding periodicity, uncertainty and etc. 
In another example, the target RAN may not support the 5G reference time delivery and reject the handover request. Additionally, the indication from source gNB can include more information, such as the uncertainty of the last reference time delivery, the periodicity of the reference time delivery, and whether unicast/broadcast was used etc. All these details are to be discussed in RAN3.
As discussed above, the impacts are limited to RAN3 and there are no clear RAN2 impacts. Since RAN2 is the leading group of this topic, we propose to indicate to RAN3 that it is beneficial that the target gNB can prepare for the transmission of the 5G reference time as soon as possible after it is indicated by the source gNB that a UE needs 5G reference time delivery. The details on, whether any additional signalling is needed or any followed-up actions after target gNB receiving the indication, are left for RAN3 to discuss. 
Proposal 1: 	It is beneficial to indicate to the target gNB from the source gNB that a UE needs reference time delivery so that the target gNB prepare the transmission of the 5G reference time as soon as possible. The detail signaling (if needed) is to be handled by RAN3. 
Proposal 2:      Send a LS to RAN3 to indicate that “It is beneficial for the source gNB to indicate to the target gNB that a UE needs reference time delivery so that the target gNB can prepare the transmission of the 5G reference time as soon as possible.” 

3. Conclusion
[bookmark: _In-sequence_SDU_delivery]In the previous section, we made the following observations and proposals:
Observation 1: 	UE is expected to have a sufficient level of clock stability such that it is of no concern regarding using the 5G reference time to determine propagation delay compensation during mobility.
Observation 2: 	With respect to the accuracy of 5G reference time delivery, all gNBs are synchronized to the same master clock and it therefore makes no practical difference if UE receives the 5G reference clock from source gNB or target gNB. 
Observation 3: 	Reducing interruption time in 5G reference time delivery (due to handover interruption and target cell preparation time) can reduce periodic signalling overhead on the Uu interface. 
Observation 4:	Zero handover interruption time requires DAPS and DAPS does not support SRB (in which RRC unicast reference time delivery is transmitted).
Proposal 1: 	It is beneficial to indicate to the target gNB from the source gNB that a UE needs reference time delivery so that the target gNB prepare the transmission of the 5G reference time as soon as possible. The detail signaling (if needed) is to be handled by RAN3. 
Proposal 2:      Send a LS to RAN3 to indicate that “It is beneficial for the source gNB to indicate to the target gNB that a UE needs reference time delivery so that the target gNB can prepare the transmission of the 5G reference time as soon as possible.” 
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