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1. Background
The new WID of NR Industrial Internet of Things (IoT) and URLLC support was approved in RAN#86 and revised in RAN#88e [1]. In which, the following objective is included:
	[bookmark: OLE_LINK7]...
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]


In RAN2#114e meeting, RAN2 mainly discussed the SA2 LS about whether it's beneficial for NG-RAN to receive Time synchronization error budget information. The following agreements have been achieved:
	· [bookmark: OLE_LINK29]RAN2 sees some benefits to having this information
· email discussion to finetune to converge on what to respond to SA2


[bookmark: OLE_LINK15]In RAN2#115e meeting, the following agreements on reference timing delivery have been achieved:
	· RAN2 assumes that gNB can perform pre-compensation. RAN2 agrees to introduce signalling to enable/disable UE-side PDC.  
· [bookmark: OLE_LINK28]The gNB can enable/disable UE-side PDC via unicast-RRC signalling for Rel-17
· 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.  
· UE Assistance information from the UE which could for example be used by gNB to activate PDC is not supported.
· Implicit activation of UE-side PDC when a pre-configured threshold is met is not supported
· UE-based trigger for TA update or RACH procedure for PDC are deprioritized for Release 17. 


In RAN2#116e meeting, the following assumptions and agreements have been achieved:
	· RAN2 assumes that gNB can perform pre-compensation.  RAN2 agrees to introduce signalling to enable/disable UE-side PDC.  
· [bookmark: OLE_LINK36]The gNB can enable/disable UE-side PDC via unicast-RRC signalling for Rel-17
· 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.  
· UE Assistance information from the UE which could for example be used by gNB to activate PDC is not supported.
· Implicit activation of UE-side PDC when a pre-configured threshold is met is not supported
· UE-based trigger for TA update or RACH procedure for PDC are deprioritized for Release 17.


In this contribution, we will further discuss the remaining FFSs of propagation delay compensation enhancements and time synchronization error budget information. Then we’ll give our proposals.

2. Discussion
[bookmark: OLE_LINK14][bookmark: OLE_LINK44]2.1	Discussion on the indication information of PDC 
[bookmark: OLE_LINK43][bookmark: OLE_LINK21]According to the agreements in last meeting, gNB can enable/disable the UE-side PDC via unicast-RRC signaling. Such indication information can indicate that UE either performs the PDC or does not perform the PDC. 
Furthermore, before RAN1 has further conclusion on the specific methods of PDC, we assume that there are at least two possible reasons for the network to send such indication about not to perform PDC to UE: UE does not need to perform PDC (e.g., in some special deployment) or gNB has already perform pre-compensation. But no matter which reason, we assume the UE behavior would be same. Therefore, it may be no need to indicate to the UE the explicit reason about not letting UE perform UDC. The simplest way is, gNB can just include a 1bit indication in the DLInformationTransfer message.
Moreover, the gNB needs to send the above indication information only to the R17 UE which has the ability to apply PDC. Therefore, UE needs to report its capability to network and then gNB will use unicast RRC signaling to send the above indication only if it knows that UE can support PDC.
Proposal 1a: It’s suggested to introduce 1bit indication in the DLInformationTransfer message to enable/disable UE-side PDC. 
Proposal 1b: R17 UE needs to report its capability of supporting PDC.

2.2	Discussion on enhanced TA update
[bookmark: OLE_LINK8]As mentioned above, for UE in connected mode, if network enables the UE to perform PDC, the UE needs to perform PDC by itself when necessary. In this case, the UE needs a valid TA with enough accuracy. 

[bookmark: OLE_LINK3][bookmark: OLE_LINK5][bookmark: OLE_LINK6]Based on the current specifications, the gNB decides whether to update TA based on measurements for the UE uplink signals. As long as the signals fall within the CP range, the gNB can correctly receive the uplink data sent by UE. For example, for SCS = 15KHz, short CP duration = 4.69 ms, long CP duration = 5.21 ms. In other words, when the SCS is 15 kHz, the tolerable TA estimation error is about 10 TA granularity. However, for TSN service, we have the requirement of 1us accurate reference timing and timing synchronization error between a gNB and a UE no worse than 540ns, the above trigger for TA update (when it exceeds the tolarable TA estimation error) may cause large TA estimation error. Such large TA estimation error may cause PDC is infeasible and further cause 1us accurate reference timing cannot be fulfilled. This issue already exists for R16 TSN service and may be more serious for R17 TSN.

Observation 1: Based on the current specifications, the tolerable TA estimation error is about 10 TA granularity for SCS 15kHz. But for TSN, only TA estimation error less than 540ns for SCS 15kHz can be acceptable.







Therefore, we think even for R16 TSN service, a new trigger for TA update would be needed, e.g., when TA estimation error is more than 540ns, TA update would be triggered. As TA estimation error is with unit of TA granularity and TA granularity corresponds to SCS, it’s more suitable to define the new trigger for TA update according to SCS, e.g., for any SCS, if the TA estimation error exceeds several number TA granularity, TA update would be triggered, here the number of TA granularity can be. For example, for SCS 15KHz, the tolerable TA estimation error is 1 TA granularity (= 1 and * 520ns = 520ns), for SCS 30KHz, the tolerable TA estimation error would be 2 TA granularity (= 2 and * 260ns = 520ns), for SCS 60KHz, the tolerable TA estimation error would be 4 TA granularity (= 4 and * 130ns = 520ns), and so on.
[bookmark: OLE_LINK4]Moreover, for the SCS larger than 60KHz, the TA estimation would be accurate enough and it’s impossible to occur too large TA estimation error. Therefore, one option is not to apply this new trigger for the SCS above 60KHz, or the other option is to anyway apply such new trigger to all the SCS cases, but we can have the assumption that such new trigger would not be fulfilled for the SCS above 60KHz, e.g., the legacy trigger for TA update would take effect all the time.

[bookmark: OLE_LINK17]Proposal 2: RAN2 needs to discuss whether new trigger for TA update needs to be introduced, e.g., if the TA estimation error exceeds several number TA granularity, TA update would be triggered. Here the number of TA granularity can be.

2.3	Discussion on Time Synchronization error budget information
In the latest SA2 progress, two parameters (time distribution indication and Uu time synchronization error budget) sent from the core network to the NG-RAN have been introduced in TS 23.501. The NG-RAN can provide the 5GS access stratum time to the UE according to the Uu time synchronization error budget. The following description can be referred:
	5.27.1.9	Support for control of 5G access stratum time distribution
The AF may request to use the 5G access stratum as a time synchronization distribution method and it may include time synchronization error budget in the request. If the AF included a time synchronization error budget in the AF request, the TSCTSF derives the error budget available for the NG-RAN to provide the 5GS access stratum time to each targeted UE via the Uu interface (referred to as Uu time synchronization error budget hereafter).The TSCTSF uses the time synchronization error budget provided by AF (directly or via NEF) in order to derive the Uu time synchronization error budget.
To derive the Uu time synchronization error budget for each targeted UE, the TSCTSF takes the following into account:
-	selected time synchronization distribution method (5G access stratum time distribution or (g)PTP based time distribution);
-	whether 5GS operates as a boundary clock and acts as a GM or whether a clock connected to DS-TT/NW-TT acts as GM in case of (g)PTP based time distribution;
-	PTP port states in case of (g)PTP based time distribution;
-	CN and Device parts of the time synchronization error budget (which may be predefined, or calculated by the 5GS by means that are based on implementation).
If the AF has not included a time synchronization error budget, the TSCTSF uses a preconfigured time synchronization error budget to derive the Uu time synchronization error budget. TSCTSF provides a time distribution indication and the Uu time synchronization error budget to NG-RAN as described in TS 23.502 [3] clause 4.15.9.4. Based on this, NG-RAN provides the 5GS access stratum time to the UE according to the Uu interface time synchronization error budget as provided by the TSCTSF (if supported by UE and NG-RAN).
NOTE:	This release of the specification assumes that deployments ensure that the targeted UEs and the NG-RAN nodes serving those UEs support Rel-17 propagation delay compensation as defined in TS 38.300 [27].


Per our understanding, the time synchronization error budget indicates the error budget for the time synchronization service, and the time distribution indication is used to enable/disable 5G access stratum time distribution via Uu interface for the associated UE identities. The first parameter can facilitate network to choose suitable PDC scheme and therefore to efficiently provide high accuracy time synchronization. The second parameter may just enable/disable some network process. So we think both of these parameters would mainly have impacts on network implementation, while no impacts on air interface. 
Moreover, some RAN3 impacts have been foreseen. For example, in the Xn-based handover scenario, in order to obtain the information about the time distribution indication and the Uu time synchronization error budget of the current service, the source gNB needs to send the above information to the target gNB. Furthermore, in the case that the gNB is divided into gNB-CU and gNB-DU, the gNB-CU needs to request reference time information from the gNB-DU. Therefore, gNB-CU needs to inform gNB-DU of the Uu time synchronization error budget, so that gNB-DU can provide appropriate reference time accuracy. Based on the above analysis, we have the following observation:
Observation 2: The new parameters (time distribution indication and Uu time synchronization error budget) introduced by SA2 have no impacts on RAN2.

3. [bookmark: OLE_LINK1]Conclusions
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, we make the following observations and proposals:

Observation 1: Based on the current specifications, the tolerable TA estimation error is about 10 TA granularity for SCS 15kHz. But for TSN, only TA estimation error less than 540ns for SCS 15kHz can be acceptable.
[bookmark: _GoBack]Observation 2: The new parameters (time distribution indication and Uu time synchronization error budget) introduced by SA2 have no impacts on RAN2.

Proposal 1a: It’s suggested to introduce 1bit indication in the DLInformationTransfer message to enable/disable UE-side PDC. 
Proposal 1b: R17 UE needs to report its capability of supporting PDC.

Proposal 2: RAN2 needs to discuss whether new trigger for TA update needs to be introduced, e.g., if the TA estimation error exceeds several number TA granularity, TA update would be triggered. Here the number of TA granularity can be.

References
[1] 3GPP, RP-201310, Revised WID: Core part: Enhanced Industrial Internet of Things (IoT) and ultra-reliable and low latency communication (URLLC) support for NR, RAN #88e, June, 2020.
[2] 3GPP, S2-216771, Exposure of Time synchronization as a service - description, SA2#146e, Aug, 2021.




oleObject1.bin

oleObject2.bin

image2.wmf
m


oleObject3.bin

oleObject4.bin

oleObject5.bin

oleObject6.bin

oleObject7.bin

oleObject8.bin

oleObject9.bin

oleObject10.bin

oleObject11.bin

oleObject12.bin

image1.wmf
±


