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1	Introduction
In the RAN2#112e meeting, for Msg3 scheduling, RAN2 agreed that it is up to NW implementation to ensure sufficient time on UE side for the Msg3 transmission. 
Agreements:
1. From RAN2 perspective, for UE with UE-specific pre-compensation as a baseline it is up to gNB implementation to ensure sufficient time on UE side for the Msg3 transmission.

[bookmark: _Hlk70945645]In the RAN2#113bis-e meeting, RAN2 further agreed that the UE may report information about the UE-specific TA pre-compensation at least for uplink scheduling adaptations. RAN2 also agreed it is FFS on when/how to report the information. For the RACH procedure, it is FFS whether the UE reports the UE-specific TA pre-compensation and, if yes, FFS on the configurability of such reporting.
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”

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 document, we provide analysis on the practical gain and impact of UE reporting TA pre-compensation information and further optimization of RA type selection.
2	Discussion
2.1	TA pre-compensation information reporting
For a UE capable of timing advance (TA) pre-compensation, the UE should first estimate the TA with respect to the satellite based on the UE’s received GNSS information before the UE sends Msg1. Then, the UE will apply the UE’s estimated TA from gNB to UE (with or without additional NW-broadcasted common TA) in its Msg1 transmission. Figure1 illustrates the framework on 4-step Random Access Procedure for a UE with pre-compensation capability.
[image: ]
Figure 1: 4-step RA procedure for a UE with TA pre-compensation capability
After Step3, the UE will get the UE-calculated TA (i.e., UE-estimated TA + RAR TAC adjustment) while the NW has no such information. From NW point of view, the gNB needs to decide how to schedule PUSCH including both Msg3/Msg5 in RA procedure and the unicast data on PUSCH when UE is in RRC_CONNECTED state to ensure sufficient time on UE side for the PUSCH transmission. There are two possible ways forward: 
· Option1: NW schedules PUSCH using TA equal to the maximum RTT of UEs in the cell.
 As a UE may be located at the cell center as well as at the cell edge, for simplicity, PUSCH can be scheduled using the maximum RTT of the cell to make sure all UEs have sufficient TA to transmit PUSCH.
· Option2: NW schedules PUSCH using UE-specific TA.
 If the UE can report its UE-calculated TA or information which can help the NW derive the UE-specific TA, the NW can schedule different UEs using the UE-specific TA. For UEs with short RTT, the NW can adapt the scheduling timing to reduce the UE’s scheduling delay. 
Observation 1: For UL scheduling, 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 for UEs with short RTT.
For Option1, the NW can receive all the PUSCH transmissions from different UEs in the same slot (e.g., slot n) if the NW has scheduled these UEs in the same scheduling slot (e.g., slot m). That is, if the NW has scheduled the UEs considering the maximum TA of the cell only, the NW can schedule all UEs with the same (Koffset + K2), thus receive all the PUSCH transmissions from different UEs in the same slot, assuming these UEs are scheduled in the same scheduling slot. However, for Option2, the NW needs to differentiate UE-specific TA by setting different (Koffset+K2) to reduce the UE’s scheduling delay. This means the NW will receive PUSCH transmissions from different UEs in different slots (e.g., slot n, n+1…n+x) even if the NW has scheduled these UEs in the same scheduling slot (e.g., slot m).
When considering the scheduler architecture, the NW would in general prefer to have the scheduler being “memory-less”. But for Option2, the NW has to consider not only the UEs to be scheduled in the current scheduling slot, but also the UEs (already) scheduled in previous slots and check if the scheduled UEs from different scheduling slots have the same PUSCH transmission slot (e.g., both slot m and slot m-1 will schedule UEs’ transmission in slot n). Though the scheduling delay may be reduced, Option2 will add complexity for the NW to schedule the UEs.  
Observation 2: To achieve the potential gain on UE’s scheduling delay reduction, the NW scheduler will have increased complexity, as it has to handle different TAs for different UEs. 
According to 38.821 Table 4.2-2, the possible scheduling delay reduction can be analysed in GEO and LEO. 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. For LEO, considering the high satellite velocity, the RTT from the UEs to the satellite (and to the gNB) changes a lot. Given the assumptions of:
· LEO with altitude 600km
· Transparent architecture
· Cell coverage with 1000 km diameter
· NTN GW co-located with near-end UE
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Figure 2: RTT for far-end and near-end UE
The RTT variation (between UEs) changes from 6.54ms to 1.31ms when the elevation angle changes from 10 to 90 degrees. 
Table 1: RTT variation between UEs in LEO
	Elevation Angle
	Far-end UE RTT
(ms)
	Center UE RTT
(ms)
	Near-end UE RTT
(ms)
	RTT Variation between UEs
(ms)

	10
	25.86
	22.55
	19.31
	6.54

	20
	18.84
	15.62
	12.66
	6.18

	30
	14.94
	11.87
	9.40
	5.54

	40
	12.85
	9.97
	8.18
	4.68

	50
	11.74
	9.10
	8.04
	3.70

	60
	11.15
	8.77
	8.42
	2.72

	70
	10.83
	8.76
	9.04
	2.07

	80
	10.67
	8.95
	9.79
	1.71

	90
	10.62
	9.31
	10.62
	1.31



When the satellite is at the zenith (elevation angle = 90 degrees), the scheduling latency reduction of Option2 (using UE-specific RTT instead of cell’s maximum RTT) is quite limited. There is no big delay difference between a far-end UE and a center UE. On the contrary, when the satellite is at low elevation (elevation angle = 10 degrees), the scheduling latency reduction of Option2 is considerable. Up to 6.54ms scheduling delay can be saved if the NW schedules a near-end UE with UE-specific TA.
Additionally, for scenarios where the cell size is small enough, it is obvious that there is no big delay difference between UEs.
Observation 3: The practical gain on UE’s scheduling delay reduction is quite limited in GEO, LEO with high elevation angles or cells with small coverage size. 
It is worth noting that it is the NW that can calculate the RTT variation as elevation angles change. Individual UEs cannot derive the RTT variations between far-end and near-end (or center) UEs since they don’t know the cell coverage size. Furthermore, with information of TA pre-compensation added to PUSCH as overhead, there is an increase in the PUSCH payload size which may impact PUSCH coverage.
For cases with quite limited practical gain, it is suitable for the NW to schedule UEs with the maximum TA of the cell and no TA report is needed at all. It is the NW that takes the responsibility to enable the UE to report TA pre-compensation information or not by considering the practical gain, the impact on the scheduler as well as the PUSCH overhead impact.
Proposal 1: Having the UE always report TA pre-compensation information to the NW is not suitable. The NW must control whether and when/how to report the information. 
In the RAN2-113bis-e email discussion (R2-2104370), reporting a finer UE-specific TA value, a coarse UE-specific TA value or UE location were proposed by companies. Reporting UE-specific TA may need frequent updates since the satellite is moving in LEO, which will cost many Uu interface resources. Additionally, the UE-reported TA may be outdated after long RTT reporting. We see the benefit in reporting the UE location directly to avoid frequent updates and think it can be further studied. For example, if the UE can report the UE location to the NW, the NW can calculate a TA estimation table based on the reported UE position and the satellite ephemeris data. Thereby, the NW has an identical copy of the UE-calculated TA, which the NW will assume it will be used by the UE. If the UE is stationary, it is possible that the UE only reports its location once, which is good to save signalling and Uu interface resources. Furthermore, the TA estimation is always synchronized at UE and NW. We understand there are concerns on the UE’s privacy, but maybe the UE can report a reference (or approximate) location (near the UE) instead of the UE’s accurate location, and the TA Command from the NW can adjust the TA between the UE’s actual location and reference location.
Observation 4: Reporting UE location or reference location can enable the NW to predict TA change over time, with less signalling overhead than UE reporting UE-specific TA. 
From RAN2 point of view, the exact information content, the granularity requirement (as well as the message size) and the frequency of reporting are the key aspects to be considered for the signalling design. Since all these aspects are not concluded yet, it is too early to decide whether MAC CE or RRC should be adopted and whether the UE reports the UE-specific TA pre-compensation at the RACH procedure. 
In LS R2-2104376, RAN2 asked RAN1 to provide input on the exact content and frequency of UE reporting of information about the UE-specific TA pre-compensation at least for uplink scheduling adaptation. RAN2 can wait for RAN1’s conclusion to design the signalling for TA pre-compensation information.
Proposal 2: RAN2 to wait for RAN1’s input on the exact content and frequency of TA pre-compensation information reporting, to decide whether the UE reports the information at the RACH procedure and whether MAC CE or RRC signalling should be adopted. 

2.2	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.
Among the optimizations proposed by companies in the email discussion (R2-2103630), the two with most support were:
· Based on the UE-calculated RTT, i.e., UE-specific UE-satellite RTT. If the UE-specific UE-satellite RTT is higher than a threshold, the UE selects 2-step RACH, otherwise the UE selects 4-step RACH.
· QoS requirement based RA type selection. Service QoS requirement (e.g., delay) may be quite different for different types of NTN UEs, which is up to upper layer application requirements.

The motivation to have 2-step RACH in NTN is to reduce latency. A UE located at the cell edge (or far end of coverage to satellite) can reduce latency more than a UE at the cell centre (or near end of coverage to satellite) by using 2-step RACH if both UEs fulfil the RSRP threshold. According to the calculations in Table 1, when the satellite is at low elevation (elevation angle = 10), the RACH latency reduction of 2-step RACH is considerable. Up to 6.54ms RACH delay can be saved if a far-end UE is selected for 2-step RACH compared to selecting a near-end UE. 
The gain is similar to the scheduling latency reduction based on the RAN2 agreement that the NW may schedule UE with UE-specific TA pre-compensation instead of cell’s maximum TA. Furthermore, from the NW point of view, selection of a far-end or near-end UE for 2-step RACH has no impact on the NW scheduler, which has to be considered in the UE-specific scheduling timing.
Observation 5: For latency reduction, UE-calculated RTT based RACH type selection can achieve similar gain as UE-specific TA pre-compensation based scheduling. 
Since RAN2 agreed the UE may report information about the UE-specific TA pre-compensation at least for uplink scheduling adaptations, it is reasonable to support UE-calculated RTT based RACH type selection to achieve a similar gain.
Proposal 3: RAN2 to support UE-calculated RTT based RACH type selection for NTN.
On top of the RSRP threshold criterion, since the 2-step RACH resource is anyway limited in a cell, the QoS requirement based RA type selection should also be considered in order to reduce 2-step RACH congestion. The NW may configure 2-step RACH for a logical channel that has a delay-sensitive service. For delay-tolerant services, the UE may only select 4-step RACH.
Proposal 4: RAN2 to support QoS requirement based RACH type selection for NTN.
3	Conclusion
Based on the discussion, the following observations have been made. 
Observation 1: For UL scheduling, 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 for UEs with short RTT.
Observation 2: To achieve the potential gain on UE’s scheduling delay reduction, the NW scheduler will have increased complexity, as it has to handle different TAs for different UEs. 
Observation 3: The practical gain on UE’s scheduling delay reduction is quite limited in GEO, LEO with high elevation angles or cells with small coverage size. 
Observation 4: Reporting UE location or reference location can enable the NW to predict TA change over time, with less signalling overhead than UE reporting UE-specific TA. 
Observation 5: For latency reduction, UE-calculated RTT based RACH type selection can achieve similar gain as UE-specific TA pre-compensation based scheduling. 
And proposed the following:
Proposal 1: Having the UE always report TA pre-compensation information to the NW is not suitable. The NW must control whether and when/how to report the information. 
Proposal 2: RAN2 to wait for RAN1’s input on the exact content and frequency of TA pre-compensation information reporting, to decide whether the UE reports the information at the RACH procedure and whether MAC CE or RRC signalling should be adopted. 
Proposal 3: RAN2 to support UE-calculated RTT based RACH type selection for NTN.
Proposal 4: RAN2 to support QoS requirement based RACH type selection for NTN.
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