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1	Introduction
[bookmark: _Hlk70945645]In the RAN2#113bis-e meeting, RAN2 agreed that the UE may report information about the UE-specific TA pre-compensation at least for uplink scheduling adaptations. It is FFS on when/how to report the information. 
Agreements:
1. At least for uplink scheduling adaptations, the UE may report information about the UE specific TA pre-compensation. The exact information and frequency of reports depend on RAN1 outcome. FFS on when/how to report.
· [Post113bis-e][000] “It is FFS whether the UE reports the UE specific TA pre-compensation at the RACH procedure (MSG3 or MSG5) using a MAC CE. Actual content is FFS and also depends on further RAN1 input. Configurability is FFS”
In the RAN2#114-e meeting, RAN2 agreed the information reporting at RACH procedure should be controlled by NW, the information should be reported using a MAC CE while the actual content is up to RAN1 input. 
	Agreement:
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)


For the start of the RAR window and contention resolution timer, RAN2 agreed an offset should be applied but the topic is postponed waiting for the progress of TA estimation in RAN1.
	Agreements online:
1.From RAN2 perspective, an offset is applied to the start of ra-ResponseWindow in NTN for both LEO and GEO scenarios.
2.An offset to the start of the ra-ContentionResolutionTimer is introduced for both LEO and GEO scenarios.
3. RAN2 decision on starting ra-ContentionResolutionTimer, ra-ResponseWindow and msgB-ResponseWindow is postponed until further progress in RAN1 regarding UE pre-compensation method and TA estimation accuracy.



Furthermore, in the RAN2#113bis-e meeting, RAN2 agreed that optimization of RA type selection can be further discussed if there is gain.
Agreements:
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)

In this contribution, we will discuss how NW control the UE specific TA pre-compensation information reporting, the offset to delay the start of RAR window and contention resolution timer, and further optimization of RA type selection.
2	Discussion
2.1	TA pre-compensation information reporting 
RAN2-114e agreed that, 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. Further discussion is needed on the aspects such as NW control and information update. 
NW control:
It is NW’s implementation to decide whether to enable UE to report the TA information. As described in[1], 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, to reduce the UE’s scheduling delay for UEs with short RTT.  However, the potential benefits on the scheduling delay reduction are not gained in vain, the NW scheduler will have increased complexity, since it has to handle different TA (e.g. different scheduling timing) for different UEs  in resource allocation. Furthermore, with information of TA added to PUSCH as overhead, there is an increase in the PUSCH payload size if the information is not used by NW. 
Observation 1: The motivation for UE reporting UE-specific TA pre-compensation information is to facilitate the NW to adapt UE-specific scheduling timing to reduce the UE’s scheduling delay, with the cost of PUSCH overhead and increased NW scheduler complexity.
The potential scheduling latency gain is quite limited in some cases as discussed in [1], for example, 
1. Cell size is small enough with limited differential RTT among UEs
Since all the UEs have close RTT, the practical reduction of UE scheduling delay is quite limited. For simplicity, PUSCH can be scheduled using the maximum RTT of the cell to make sure all UEs have sufficient TA to transmit PUSCH.
2. In GEO, the differential RTT among UEs is small compared to the overall RTT
For GEO, the TA variation would be small compared to the overall RTT (e.g., 20.6ms differential delay vs. 541ms total RTT). The practical reduction of UE scheduling delay is quite limited.
3. In LEO with high elevation angles, the differential TA among UEs is quite small 
For LEO, considering the high satellite velocity, the RTT from the UEs to the satellite (and to the gNB) changes a lot. As illustrated in Table1 from [1], when the satellite is at the zenith (elevation angle = 90 degrees at time T9), the scheduling latency reduction is quite limited. There is no big delay difference between a far-end UE and a centre UE. On the contrary, when the satellite is at low elevation (elevation angle = 10 degrees at time T1), the scheduling latency reduction is considerable (e.g. up to 6.54ms scheduling delay can be saved if the NW schedules a near-end UE with UE-specific TA). In this case, only when the elevation angle is low enough, it is worth asking the UE to report the UE-specific TA information.
Table 1: RTT variation between UEs in LEO
	Time Stamp
	Elevation Angle
	Far-end UE RTT
(ms)
	Center UE RTT
(ms)
	Near-end UE RTT
(ms)
	RTT Variation between UEs
(ms)

	T1
	10
	25.86
	22.55
	19.31
	6.54

	T2
	20
	18.84
	15.62
	12.66
	6.18

	T3
	30
	14.94
	11.87
	9.40
	5.54

	T4
	40
	12.85
	9.97
	8.18
	4.68

	T5
	50
	11.74
	9.10
	8.04
	3.70

	T6
	60
	11.15
	8.77
	8.42
	2.72

	T7
	70
	10.83
	8.76
	9.04
	2.07

	T8
	80
	10.67
	8.95
	9.79
	1.71

	T9
	90
	10.62
	9.31
	10.62
	1.31



Observation 2: The practical gain on UE’s scheduling delay reduction is quite limited in cells with small coverage size, GEO or LEO with high elevation angles. 
Observation 3: For LEO, the UE is only required to report UE-specific TA information if the elevation angle of the coverage area is low enough.
Since the TA information is reported in the RACH procedure (MSGA/MSG3 or MSG5), the NW shall inform UE whether to report this information when the UE is in RRC idle. This means NW may need to configure the TA pre-compensation information reporting via SIB. A new cell specific IE to enable/disable the TA pre-compensation information reporting should be introduced in SIB. 
To cover the possible factors listed above (in observation#2 and observation#3), the new IE may include indication of an ON/OFF switch and an elevation angle threshold which can help UE automatically enable/disable TA information reporting based on its elevation angle estimation even the switch is ON. 
Proposal 1: A new cell specific IE should be introduced in SIB to enable/disable the TA pre-compensation information reporting, which may include indication of an ON/OFF switch and an elevation angle threshold.
Information update:
With the movement of the satellite and the UE, the UE’s TA pre-compensation information (the actual content is up to RAN1, e.g. the UE’s location or coarse TA value for scheduling or other information) may change a lot. It is not clear how UE should update the reported information to NW. 
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 4: 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.
[bookmark: OLE_LINK132][bookmark: OLE_LINK133][bookmark: OLE_LINK142][bookmark: OLE_LINK143][bookmark: OLE_LINK140][bookmark: OLE_LINK141][bookmark: OLE_LINK158][bookmark: OLE_LINK159]In email discussion [2], one proposal is that the UE specific TA report can be triggered by some criteria/rules detected by the UE itself, e.g. If the difference between the current TA estimated by the UE and the value last reported by the UE exceeds a threshold, the UE should trigger the UE specific TA report. To save the Uu interface signalling, the threshold-based TA information update is reasonable. The NW can broadcast a threshold (e.g. in SIB or RRC) and the UE may trigger the UE-specific TA report via events, which means there is no need to report UE-specific TA periodically if the UE’s TA change is less than the threshold. Furthermore, from NW point of view, NW can schedule the UE with an appropriate (Koffset+K2) where the margin of the threshold is taken into account.
Proposal 2: UE triggers the reported UE-specific TA information update only if the change of UE-estimated TA is larger than the threshold indicated by NW.

2.2	Offset to delay the start of RAR window and Contention Resolution Timer
For the start of the RAR window and contention resolution timer, RAN2 agreed an offset should be applied but the topic is postponed waiting for the progress of TA estimation in RAN1. In reply LS to RAN2 [3], RAN1 concluded that, UE-gNB RTT is used to delay the starts of ra-ResponseWindow and msgB-ResponseWindow. The UE-gNB RTT is estimated according to the UE's TA and K_mac. 
	RAN1#105e Agreement:
The starts of ra-ResponseWindow and msgB-ResponseWindow are delayed by an estimate of UE-gNB RTT. 
· The estimate of UE-gNB RTT is equal to the sum of UE’s TA and K_mac.
Note 1: The UE’s TA is based on the RAN1#104bis-e agreement on Timing Advance applied by an NR NTN UE given by  . The estimate of gNB-satellite RTT is equal to the sum of  and K_mac.  How to treat  and  can be further discussed.
Note 2: According to the RAN1#104bis-e agreement: When UE is not provided by network with a K_mac value, UE assumes K_mac = 0.
Note 3: The accuracy of the estimated UE-gNB RTT with respect to the true UE-gNB RTT can be further discussed.
Note 4: Other options of determining the estimate of UE-gNB RTT can be further discussed.



Proposal 3:  The UE estimated UE-gNB RTT is applied as offset to the start of ra-ResponseWindow and msgB-ResponseWindow in NTN, where the estimate of UE-gNB RTT is equal to the sum of UE’s TA and K_mac.
However, the accuracy of the estimated UE-gNB RTT needs to be taken into account. For example, if the estimate of UE-gNB RTT is larger than actual RTT value, it is possible for the UE to delay the start of ra-ResponseWindow and msgB-ResponseWindow too late, which will cause the UE to miss the RAR or MsgB indicated by NW. 
Observation 5: The UE may miss the RAR or MsgB indicated by NW if the UE-gNB RTT estimate is not sufficiently accurate.
Furthermore, RAN2-112e meeting concluded that whether the ra-ResponseWindow and msgB-ResponseWindow should be extended depends on if the start of timers can be accurately compensated. 
	Agreements via email - offline 103:
1.	If the start of the ra-ResponseWindow and msgB-ResponseWindow is accurately compensated by UE-gNB RTT, ra-ResponseWindow and msgB-ResponseWindow are not extended in LEO/GEO.



As RAN1 will further discuss the accuracy of the estimated UE-gNB RTT with respect to the true UE-gNB RTT (as in Note 3 in agreements), RAN2 can wait for input from RAN1 to decide if any other enhancements to the RAR timer start and timer extension are required.
Proposal 4:  RAN2 to decide if any other enhancements are required regarding the RAR timer start and timer extension based on further input from RAN1 on accuracy of UE-gNB RTT estimate.
Even though the maximum configurable value of ra-ContentionResolutionTimer is large enough to cover the UE-gNB RTT in NTN, RAN2 agreed to introduce an offset for the start of the ra-ContentionResolutionTimer in order to reduce UE power consumption.
	Agreements on user plane - from offline 107
2.	An offset to the start of the ra-ContentionResolutionTimer is introduced for both LEO and GEO scenarios.



In order to minimize UE complexity, the offset applied to ra-ReponseWindow/msgB-ResponseWindow agreed in RAN1 (i.e., sum of UE’s TA and K_mac) may also be applied to ra-ContentionResolutionTimer.
Proposal 5: For simplicity, a unified solution is adopted for delaying the start of ra-ResponseWindow/msgB-ResponseWindow and ra-ContentionResolutionTimer.

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 [4] and [5], 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 6: 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 6: 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 7: 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: The motivation for UE reporting UE-specific TA pre-compensation information is to facilitate the NW to adapt UE-specific scheduling timing to reduce the UE’s scheduling delay, with the cost of PUSCH overhead and increased NW scheduler complexity.
Observation 2: The practical gain on UE’s scheduling delay reduction is quite limited in cells with small coverage size, GEO or LEO with high elevation angles. 
Observation 3: For LEO, the UE is only required to report UE-specific TA information if the elevation angle of the coverage area is low enough.
Observation 4: 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 5: The UE may miss the RAR or MsgB indicated by NW if the UE-gNB RTT estimate is not sufficiently accurate.
Observation 6: 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: A new cell specific IE should be introduced in SIB to enable/disable the TA pre-compensation information reporting, which may include indication of an ON/OFF switch and an elevation angle threshold.
Proposal 2: UE triggers the reported UE-specific TA information update only if the change of UE-estimated TA is larger than the threshold indicated by NW.
Proposal 3:  The UE estimated UE-gNB RTT is applied as offset to the start of ra-ResponseWindow and msgB-ResponseWindow in NTN, where the estimate of UE-gNB RTT is equal to the sum of UE’s TA and K_mac.
Proposal 4:  RAN2 to decide if any other enhancements are required regarding the RAR timer start and timer extension based on further input from RAN1 on accuracy of UE-gNB RTT estimate.
Proposal 5: For simplicity, a unified solution is adopted for delaying the start of ra-ResponseWindow/msgB-ResponseWindow and ra-ContentionResolutionTimer.
Proposal 6: The UE RA type selection in NTN should consider the quality of GNSS information at the UE.
Proposal 7: RAN2 to support Per-LCH configurable RACH type selection for NTN.
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