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Introduction
At the RAN2#112-e meeting, NR solutions to support NTN is under discussion. The agreement and FFS on RACH aspect is reached as below:
Agreements:
1. RAN2 working assumption (for RRC idle. FFS for Inactive/Connected): Rel-17 UE with pre-compensation capability obtains UE specific UE-gNB RTT based on its GNSS in LEO/GEO. FFS how this is calculated and what/if anything needs to be broadcasted for the different pre-compensation methods (e.g. common TA) to help the UE to obtain the full UE-gNB RTT. 
2. If the UE-gNB RTT is pre-compensated, preamble ambiguity is not an issue in Rel-17 NTN (i.e. no enhancements are necessary). FFS how and by whom the possibly multiple components of UE-gNB RTT are pre-compensated
3. 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.
4. For UE with pre-compensation capability (at least for the HARQ-feedback enabled case. FFS for HARQ-feedback disabled, if supported), drx-HARQ-RTT-TimerDL is offset by UE-specific RTT (UE-gNB delay) in LEO/GEO. FFS if offset is applied to: 1) the start of the timers or 2) the timer value range (i.e. existing values within value range increased by offset)
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.
2. At least the following are FFS in Rel-17 NTN:
· Report UE-calculated TA in e.g. msg3/msg5/msgA
· Enhancements to RSRP-based selection mechanism of 2-step vs. 4-step RACH 
· LCP impact caused by disabling HARQ UL retransmission
Agreements online:
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.

We are going to discuss the left issues of RACH aspect in this contribution:
1. How to calculate UE-gNB RTT from UE side and gNB side;
2. How to help the UE-gNB RTT calculation from UE side and gNB side;
3. Evaluation of RSRP-based selection mechanism of 2-step vs. 4-step RACH;
How to calculate UE-gNB RTT
After transmitting MSG1, UE monitors the PDCCH for the Random Access Response (RAR). The response window (ra-ResponseWindow) starts at a determined time interval after the preamble transmission. 
There is large transmission delay in NTN when MSG1 sending to gNB and MSG2 to UE. The delay is call round trip delay (RTT) in NTN. All UEs in NTN have to spend more time waiting for MSG2 because of RTT compared with the UEs in TN.
The round-trip propagation delay (RTT) can be set as offset for all UEs in NTN. In that case, the offset can be set by UE as UE specific or by network as cell specific with different precondition.
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UEs take less power consumption to waiting for MSG2, because the UE specific offset is much more accurate than cell specific. 
So from UE’s perspective, UE needs to calculate the UE-gNB RTT and applied it at the start of RAR window.
Observation 1: UE needs to calculate the UE-gNB RTT and applied it at the start of RAR window in NTN.
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Figure1. UE-gNB RTT
According to the propagation delay analysis in figure1, the UE-gNB RTT is the distance (d1) between UE to satellite added the distance (d0_f) between satellite and gNB on earth.
Proposal 1: UE-gNB RTT is calculated with the distance (d1) between UE to satellite and the distance (d0_f) between satellite and gNB on earth, i.e. UE-gNB RTT = 2* (d1 + d0_f)/c.
· The calculation of d1
UE calculate d1 according to its location and the location of satellite. Then the distance d1 will be got. However gNB doesn’t know the value of d1, unless UE reports it to gNB.
· The calculation of d0_f
UE is not aware of the location of gNB so it impossible for UE to get the value of d0_f, unless the value of d0_f  is broadcast by gNB. 
From UE’s perspective, UE-gNB RTT will be applied to the start of RAR window in RA.
From gNB’s perspective, UE-gNB RTT will be applied to the configuration, e.g drx-HARQ-RTT-TimerDL. So both UE and gNB need to know the value of UE-gNB RTT.
Proposal 2: Both UE and gNB need to know the value of UE-gNB RTT in NTN.
How to support the UE-gNB RTT calculation 
· The calculation of d0_f
It impossible for UE to get the value of d0_f, unless the value of d0_f  is broadcast by gNB. So feeder link delay (i.e. d0_f) should be broadcast to all UEs via SI message. However the value of feedlink changes frequently because of the moving satellite. Usually UE receives indications about SI modifications using Short Message transmitted with P-RNTI over DCI (see clause 6.5). Repetitions of SI change indication may occur within preceding modification period. [1]
All UEs in RRC_IDLE or in RRC_INACTIVE shall monitor for SI change indication in its own paging occasion every DRX cycle. UEs in RRC_CONNECTED shall monitor for SI change indication in any paging occasion at least once per modification period if the UE is provided with common search space on the active BWP to monitor paging. However the load of SI change indication is too much for all UEs in NTN because the SI change indication happens all along with the feeder link value changing frequently.
So the value change of feeder link should not trigger the SI change indication procedure, following the mechanism of the IE si-BroadcastStatus     ENUMERATED {broadcasting, notBroadcasting} in SchedulingInfo whose value updating won’t trigger the SI change indication procedure. The same thing happens to posSIB in SI as well. The value changing of posSIB won’t trigger the SI change indication procedure.
Proposal 3: Feeder link delay (Satellite - gNB) is broadcast in SI without triggering the SI change indication procedure when the value of feeder link delay changes. When UE needs the feeder link delay value to calculate the RTT in IDLE mode or CONNECTED mode, UE will start System information acquisition procedure which is the legacy procedure in NR to get the feeder link delay value.
· The calculation of d1(UE - Satellite)
gNB also needs to calculate the RTT. There are two ways to calculate the RTT by gNB.
Option1: UE reports the delay value of d1(UE - Satellite) to gNB via MSG3/MSG5.
Option2: UE reports the calculated UE-gNB RTT directly via MSG3/MSG5.
The value of d1(UE - Satellite) is less than UE-gNB RTT. So it seems that option1 is better on saving signalling.  
Proposal 4: UE - Satellite delay is reported by UE to gNB via MSG3/MSG5/MSGA.
Evaluation of RSRP-based selection mechanism of 2-step vs. 4-step RACH
When both 2-step and 4-step RA Resources are configured, an RSRP threshold can be used for selection between 2-step RA type and 4-step RA type. If only 4-step RA Resources are configured, the UE will select the 4-step RA to access the network.  Now in NTN, although the change of RSRP is not obvious, the RSRP-based selection mechanism still works. Based on the current mechanism, if the RSRP is above the msgA-RSRP-Threshold when both 2-step and 4-step RA Resources are configured, the UE will select the 2-step RA type. 
Proposal 5: The current RSRP-based selection mechanism of 2-step vs. 4-step RACH can be a baseline in NTN. 
In NTN, RSRPs of UEs are usually always above or below msgA-RSRP-Threshold in one cell as below figure shown, so UEs in one cell always select 2-step or 4-step RA type. 
When both 2-step RA Resources and 4- step RA resources are configured in this cell, UEs in this cell usually only select one of RA type because most of  RSRP value. 
 
Figure 2 per cent of UEs above or below threshold in outdoor coverage cells
Observation 2: UEs in one cell always select 2-step or 4-step RA type in NTN outdoor coverage.
Proposal 6: It’s up to network implementation to configure 2-step or 4-step RA resources in NTN.
Conclusions
We discussed the left issues of RACH aspect in this contribution: how to calculate UE-gNB RTT from UE side and gNB side and the evaluation of RSRP-based selection mechanism of 2-step vs. 4-step RACH;
Observation 1: UE needs to calculate the UE-gNB RTT and applied it at the start of RAR window in NTN.
Proposal 1: UE-gNB RTT is calculated with the distance (d1) between UE to satellite and the distance (d0_f) between satellite and gNB on earth, i.e. UE-gNB RTT = 2* (d1 + d0_f)/c.
Proposal 2: Both UE and gNB need to know the value of UE-gNB RTT in NTN.
Proposal 3: Feeder link delay (Satellite - gNB) is broadcast in SI without triggering the SI change indication procedure when the value of feeder link delay changes. When UE needs the feeder link delay value to calculate the RTT in IDLE mode or CONNECTED mode, UE will start System information acquisition procedure which is the legacy procedure in NR to get the feeder link delay value.
Proposal 4: UE - Satellite delay is reported by UE to gNB via MSG3/MSG5/MSGA.
Proposal 5: The current RSRP-based selection mechanism of 2-step vs. 4-step RACH can be a baseline in NTN. 
Observation 2: UEs in one cell always select 2-step or 4-step RA type in NTN outdoor coverage.
Proposal 6: It’s up to network implementation to configure 2-step or 4-step RA resources in NTN.
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