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1	Introduction
[bookmark: _Hlk70945645]In the RAN2-114e and RAN2#115-e meetings, RAN2 discussed and agreed that the UE may report information about the UE-specific TA pre-compensation for UE during RA procedure or in RRC connected mode. 
For UE in RRC Connected mode, RAN2-115e reached some basic agreements on the aspects including the reported content of the information, and the event trigger for the information update etc. The left issues, such as MAC CE priority for UE-specific TA reporting, the event trigger details as well as the parameters for network configurable reporting should be further addressed.
	Agreements:
1. Under the work assumption "the UE location information cannot be reported in connected mode", the content of UE specific TA reported in connected mode is UE specific TA pre-compensation(for the details of the TA value, confirmation from RAN1 is needed).
2. Working assumption: If the reported content of information about UE specific TA is TA pre-compensation value in connected mode, MAC CE is used to report.
3. Under the work assumption "the UE location information can be reported in connected mode", for TA reporting purposes in connected mode, the network can configure the UE to send either the UE specific TA pre-compensation (for the details of the TA value, confirmation from RAN1 is needed) or the UE location information
4. If the reported content of information about UE specific TA is UE location information in connected mode, RRC signalling is used to report.
5. Event-triggers for reporting on the information about UE specific TA in connected mode is supported. FFS on the details. Confirmation by RAN1 is also needed
6. The event-triggers for reporting information about UE specific TA are based on TA values (confirmation from RAN1 is needed)
7. A TA offset threshold can be used for event-triggered reporting, at least the offset threshold can be between current information about UE specific TA and the last successfully reported information about UE specific TA.



Similarly, during RACH procedure, some left issues should be addressed to complete the design. E.g. the FFS on the TA information reporting for RACH in Connected mode as well as the MAC CE multiplexing and sending.
	Agreements:
1. If enabled by the network, the UE reports information about UE specific TA pre-compensation at the random access procedure (MSGA/MSG3 or MSG5) using a MAC CE. Actual content is FFS and also depends on further RAN1 input (we can revise this whole agreement if RAN1 come to a different conclusion in terms of what needs to be conveyed to the NW)
2. UE specific TA reporting during RACH procedure is enabled/disabled by SI (FFS for RACH in connected mode)
3. The content of UE specific TA pre-compensation reported in RA procedure using MAC CE is UE specific TA (this can be revisited after receiving RAN1 response).
4. Information about UE specific TA pre-compensation is not reported in RA procedures triggered due to “Request for Other SI”
5. No new indication in RRC reconfiguration with sync is needed to configure the UE to report information about UE specific TA in handover procedure (besides the SIB indication carried in HO command on whether TA report is enabled/disabled in the target cell).



Furthermore, in the RAN2#113bis-e meeting, RAN2 agreed that optimization of RA type selection can be further discussed. In this contribution, we will discuss the enhancement on RA type selection.
	1. Legacy mechanism for RA type selection based on RSRP threshold is the baseline for NTN. Optimizations can still be suggested, showing the gain (in any case, any method needs to be combined with RSRP based approach)



2	Discussion
2.1	UE specific TA pre-compensation information reporting in RRC Connected mode
RAN2 agreed that UE specific TA reporting during RACH procedure is enabled/disabled by SI. But there is no conclusion on whether additional switch should be defined for UE in RRC Connected mode. As we know, the motivation for UE reporting UE-specific TA pre-compensation information is to facilitate the NW to adapt UE-specific scheduling timing instead of maximum RTT of UEs in the cell, in order to reduce the UE’s scheduling delay for UEs with short RTT. However, the practical gain on UE’s scheduling delay reduction is quite limited in cells with small coverage size which has small UE differential delay. Furthermore, the NW’s PUSCH overhead will increase to deliver the information. No matter UE is in RACH procedure or RRC Connected mode,  it is NW’s implementation to decide whether to enable UE to report the TA information considering the potential delay reduction gain and the side effects. For simplicity, we think the flag to enable/disable UE specific TA reporting in SI should control the feature ON/OFF not only during RACH procedure, but also the UE in RRC Connected mode.
Proposal 1: The same flag to enable/disable UE specific TA reporting feature in both RACH procedure and RRC Connected mode. 
For the reported content of the information, RAN2 reached the agreements under two different work assumptions. i.e. "the UE location information can be reported in connected mode" and "the UE location information cannot be reported in connected mode". RAN2 agreed in RAN2-115e meeting that, if accepted by SA3, gNB can obtain a  GNSS-based location information from the UE via RRC after AS security is enabled. An LS[1] was sent from RAN2 to SA3. And SA3 is asked to discuss and decide whether NTN-specific user consent is required for the UE to be able to report its location information when in RRC Connected.  
	· After AS security is established, gNB can obtain a GNSS-based location information from the UE using existing signalling method, i.e., by configuring includeCommonLocationInfo in the corresponding reportConfig. It is up to SA3 to decide whether User Consent is required before NW acquires location information from the UE in NTN.
· If accepted by SA3, if the gNB has user consent to obtain UE location in NTN, reporting of finer location information/full GNSS coordinates in RRC_CONNECTED can be supported after AS security is enabled



Observation 1: SA3 is to decide whether NTN-specific user consent is required for the UE to be able to report its location information via RRC when in UE is in RRC Connected mode.
Under the work assumption "the UE location information can be reported in connected mode", it is NW implementation to decide the UE to send either the UE specific TA pre-compensation or the UE location information. If UE is configured to report UE location information (solution#1), it is network responsibility to calculate UE’s TA based on its location and satellites ephemeris data as well as the GW/gNB location. If UE is configured to report UE-specific TA (solution#2), UE should calculate its TA based on its location and satellites ephemeris data. Since the satellites is moving while the UE’s movement relative to satellite movement (7.5 km/s) can be neglected, it is believed that the TA change is mainly caused by satellite movement. The latter solution (solution#2) may require more Uu signalling (to perform TA update from UE) than solution#1 (to perform the location update from UE).     
Proposal 2: In the case UE location information can be reported to network, network can configure UE report either the UE location or the UE specific TA information via RRC for the purpose of TA reporting.
Regarding the UE specific TA pre-compensation information update, RAN2 agreed event-triggered mechanism is supported and the event-triggers for reporting are based on TA values. If the event-trigger is based on TA change detected by the UE itself, the TA change threshold should be configured by network to UE via RRC.
Proposal 3:  To enable event-triggered UE specific TA reporting, network should configure a TA change threshold via RRC.
UE can be configured to report either the UE location or the UE specific TA information to NW, the TA change threshold can be applied to both cases.
[bookmark: OLE_LINK140][bookmark: OLE_LINK141][bookmark: OLE_LINK158][bookmark: OLE_LINK159]In the case the information to be reported is UE specific TA, if the difference between the current TA estimated by the UE and the value last successfully reported by the UE exceeds the TA change threshold, the UE should trigger the UE specific TA report.
Proposal 4: For UE specific TA information reporting, if the UE detects the TA change between current UE-estimated TA and the last successfully reported TA is larger than network configured threshold, the UE should send the latest UE-estimated TA to the NW.
In the case the information to be reported is UE location information, both NW and UE should predict the TA based on UE location and satellite ephemeris data. If UE is stationary, the NW can perfectly predict the actual TA which the UE will experience, hence no UE location updated is needed. If the UE is moving, the UE should calculate a reference TA between UE and satellite from the last successfully reported location and the satellite positions for the current time. The UE should also calculate an actual TA between UE and satellite from the current UE location and the satellite positions for the current time. Only if the actual TA and the reference TA deviation exceed the network configured TA change threshold, the UE provides a location update. 
[bookmark: _Hlk85129793]Proposal 5: For UE location information reporting, if the UE detects that the TA deviation between TA estimation based on current UE location and the TA estimation based on last successfully reported UE location is larger than network configured threshold, the UE should send a location update to the NW.
For TA updates via MAC CE in RRC Connected mode, the TA update is time-critical to avoid the NW scheduling the UE with a TA that is shorter than the actual TA and thus causing the UL transmission to fail. For example, to reduce the UE’s UL scheduling delay, NW needs to set different (Koffset+K2) for different UE individually based on its reported UE-specific TA, where the (Koffset+K2) should be larger than the UE-specific TA to make sure the UE has sufficient TA to transmit PUSCH. If the UE cannot update the reported UE-specific TA to NW in time, there is a risk that NW schedule UE with small (Koffset+K2) which may result in the UE not being able to transmit the PUSCH successfully.
Observation 2: If UE cannot update the reported UE-specific TA in time, NW may schedule UE with smaller (Koffset+K2) than UE’s actual UE-specific TA, which will result in the UE not being able to transmit the PUSCH successfully.
To avoid the possible UL transmission failure in RRC Connected mode, we would prefer the priority of UE-specific TA report MAC CE is above BSR MAC CE but of course it should be lower than C-RNTI or data from UL CCCH.
For UE specific TA reporting via MAC CE during RACH procedure, the reporting of the initial TA is not so critical as in BSR, since the NW can schedule the UE with the maximum TA of the cell. Therefore, the MAC CE can have a lower priority than BSR MAC CE. However, in order to align with the design in RRC Connected mode, we prefer to have a unified MAC CE priority in both the RACH procedure and the RRC Connected mode. 
Proposal 6: The priority of new UE-specific TA Report MAC CE should below C-RNTI MAC CE or data from UL-CCCH but above BSR MAC CE. 

2.2	UE specific TA pre-compensation information reporting during RACH procedure
According to 38.300 section 9.2.6, the RACH procedure may be triggered by events listed below:
-	Initial access from RRC_IDLE;
-	RRC Connection Re-establishment procedure;
-	DL or UL data arrival during RRC_CONNECTED when UL synchronisation status is "non-synchronised";
-	UL data arrival during RRC_CONNECTED when there are no PUCCH resources for SR available;
-	SR failure;
-	Request by RRC upon synchronous reconfiguration (e.g. handover);
-	Transition from RRC_INACTIVE;
-	To establish time alignment for a secondary TAG;
-	Request for Other SI (see clause 7.3);
-	Beam failure recovery;
-	Consistent UL LBT failure on SpCell.
RAN2 agreed that UE specific TA reporting during RACH procedure is enabled/disabled by SI and the UE can report the information at the random-access procedure (MSGA/MSG3 or MSG5) using a MAC CE. It is FFS how to report the UE specific TA information for RACH in RRC connected mode.
In the events to trigger RACH procedures in RRC Connected mode, reporting TA information is not always necessary. As UE already in RRC Connected mode, UE may have reported the initial TA information (e.g. in RACH procedure from RRC idle). The following procedure from UE side is the TA update procedure as discussed in section 2.1. If the TA update event is not triggered (which means the last successfully reported information is still valid), it is not necessary for UE to report the TA information in the RACH procedure.
Proposal 7: In RACH procedure triggered by UE in RRC Connected mode and when the UE has successfully reported TA information to current serving cell, whether the UE reports UE-specific TA during RACH procedure depends on whether a TA update event is triggered.

2.3	RACH Type Selection
RAN2 agreed that the legacy RSRP-based mechanism for 2-step and 4-step RA type selection is the baseline for NTN. On top of the RSRP threshold, optimizations can still be suggested.
For 2-step RACH, the channel structure of MsgA is such that MsgA PRACH and MsgA PUSCH carrying payload are transmitted in a TDM fashion. For the NTN UE with GNSS capability, at least in RRC idle mode, it is assumed that UE need to autonomously estimate its UE specific Timing Advance for both MsgA PRACH and MsgA PUSCH. Depending on the configuration of the PRACH for the 2-step RA type the time duration for the cyclic prefix will be different compared to the cyclic prefix for the MsgA PUSCH. Under current discussions it seems that there is a baseline assumption that the UE (and satellite) position is perfectly known when the UE is expected to perform its autonomous compensation for its UE specific Timing Advance value. However, such assumption will not hold in reality, and may cause the UE to access the network with the wrong understanding of the needed Timing Advance value to apply prior to attempting initial access. In our previous RAN1 contributions we have outlined a number of sources for such inaccuracy, for instance in [3] and [4], which may cause the UE to have an erroneous understanding of its geographical position, which in turn may lead to an incorrect estimation of the needed UE specific Timing Advance value. Especially for cases where there is a significant difference between the cyclic prefix size for MsgA PRACH and MsgA PUSCH, there is a risk that the UE is able to have the correct timing for the MsgA PRACH transmission, while the MsgA PUSCH transmission may not be able to fulfil the requirements for transmission being within the cyclic prefix.
Observation 3: If GNSS accuracy is low at UE side, there is a risk that MsgA PUSCH transmission will not be able to fulfil the requirements for the transmission. 
Proposal 8: The UE RA type selection in NTN should consider the quality of GNSS information at the UE.
[bookmark: OLE_LINK186][bookmark: OLE_LINK187]Furthermore, in the email discussion[2], many companies proposed that, on top of RSRP threshold, QoS-requirement based RA type selection should be supported in NTN. 
In terrestrial network, UE may initiate a random access procedure triggered by events (e.g. UL data arrival during RRC_CONNECTED when there are no PUCCH resources for SR available or SR failure) but the service delay requirement is not considered in RACH type selection. However, for NTN, the motivation to have 2-step RACH is to reduce latency due to long UE-gNB RTT, while not all services require fast grants (to reduce latency) but are rather non-delay sensitive service.
For example, the UE will trigger a BSR at new or higher priority data arrival. If there is no UL-SCH resource available this will trigger an SR (or when the data cannot be transmitted on the UL-SCH, e.g., because allowedCG-List disallows it in LCP). If either a maximum number of SRs are sent or if no PUCCH SR resources are allocated, then the UE will trigger random access which may or may not be 2-step RACH. Instead of UE selects 2-step RACH or 4-step RACH based on RSRP threshold only (as legacy), an optimized way-forward is that, for the logical channel which triggers the BSR, UE may select 2-step RACH for the logical channel that has a delay-sensitive service, while only select 4-step RACH for the delay-tolerant services/LCH.
Since 2-step RACH consume more radio resources (e.g. PUSCH reservation for MsgA) than 4-step RACH, the 2-step RACH resource is anyway limited in an NTN cell. To improve resource utilization efficiency and avoid 2-step RACH congestion, it is reasonable to select 2-step RACH for time-critical service while select 4-step RACH for delay-tolerant service. 
Proposal 9: RAN2 to support Per-LCH configurable RACH type selection for NTN.
3	Conclusion
Based on the discussion, the following observations have been made.
Observation 1: SA3 is to decide whether NTN-specific user consent is required for the UE to be able to report its location information via RRC when in UE is in RRC Connected mode.
Observation 2: If UE cannot update the reported UE-specific TA in time, NW may schedule UE with smaller (Koffset+K2) than UE’s actual UE-specific TA, which will result in the UE not being able to transmit the PUSCH successfully.
Observation 3: If GNSS accuracy is low at UE side, there is a risk that MsgA PUSCH transmission will not be able to fulfil the requirements for the transmission. 
And proposed the following:
Proposal 1: The same flag to enable/disable UE specific TA reporting feature in both RACH procedure and RRC Connected mode. 
Proposal 2: In the case UE location information can be reported to network, network can configure UE report either the UE location or the UE specific TA information via RRC for the purpose of TA reporting.
Proposal 3:  To enable event-triggered UE specific TA reporting, network should configure a TA change threshold via RRC.
Proposal 4: For UE specific TA information reporting, if the UE detects the TA change between current UE-estimated TA and the last successfully reported TA is larger than network configured threshold, the UE should send the latest UE-estimated TA to the NW.
Proposal 5: For UE location information reporting, if the UE detects that the TA deviation between TA estimation based on current UE location and the TA estimation based on last successfully reported UE location is larger than network configured threshold, the UE should send a location update to the NW.
Proposal 6: The priority of new UE-specific TA Report MAC CE should below C-RNTI MAC CE or data from UL-CCCH but above BSR MAC CE. 
Proposal 7: In RACH procedure triggered by UE in RRC Connected mode and when the UE has successfully reported TA information to current serving cell, whether the UE reports UE-specific TA during RACH procedure depends on whether a TA update event is triggered.
Proposal 8: The UE RA type selection in NTN should consider the quality of GNSS information at the UE.
Proposal 9: RAN2 to support Per-LCH configurable RACH type selection for NTN.
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