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1 Introduction

In RAN2#112e meeting, RACH issues in NTN were discussed, and the following agreements were made.
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. 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.

5. 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
6. 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.

In this contribution, we further discuss some left RACH issues.
2 Discussion

2.1 TA pre-compensation
In RAN1#103e meeting, the following agreement was made regarding UL timing compensation:

Agreement:
An NTN UE in RRC_IDLE and RRC_INACTIVE states is required to at least support UE specific TA calculation based at least on its GNSS-acquired position and the serving satellite ephemeris.

· In NTN, the network may broadcast 

· A common timing offset value 

· FFS details of the common timing offset

· FFS: A common timing drift rate

· Before Msg1/MsgA transmission, the NR NTN UE in idle/inactive mode calculates its TA as follows:
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Where:
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is derived from the User specific TA self-estimation
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 is derived at least from the common timing offset value if broadcasted by the network. The granularity of [image: image7.png]
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 is indicated as a Timing Advance or as a Timing Offset value [unit] are FFS. Upon resolving the FFS, one of the X in the equation will be removed.
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depends on band and LTE/NR coexistence and is specified in TS 38.213 section 4.2.
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 is specified in TS 38.211 section 4.1. 

· Note: UE will not assume that the RTT between UE and gNB is equal to the calculated TA for Msg1/Msg A.

Based on RAN1 agreement, it is shown that both the following two cases are supported in Rel-17 NTN.

· Case 1: downlink timing and uplink timing are aligned at gNB
· Case 2: downlink timing and uplink timing are not aligned at gNB
In case 1, gNB does not do any TA compensation, so UE applies the UE-specific TA to send Msg1 or MsgA, where the UE-specific TA consists of service link’s TA plus feeder link’s TA. The service link’s TA could be derived by the UE based on its GNSS-acquired position and the serving satellite ephemeris, and the feeder link’s TA should be broadcasted by gNB.
In case 2, gNB may compensate a common TA. If the entire feeder link’s TA is compensated at gNB side, the UE applies the estimated service link’s TA to send Msg1 or MsgA, in which case network does not need to broadcast a common TA for TA compensation at UE. If the TA value compensated at gNB side does not equal to entire feeder link’s TA, e.g. gNB compensates partial feeder link’s TA, a common TA related to feeder link that does not compensated by gNB should be broadcasted, so that UE applies the estimated service link’s TA plus the broadcasted common TA to send Msg1 or MsgA.
Observation 1 If gNB does not compensate the entire feeder link’s TA, gNB needs to broadcast a common TA for TA compensation at UE. 
Observation 2 The broadcasted common TA (if any) should be equal to the feeder link’s TA minus the TA compensated at gNB (if any). 
In non-GEO scene, the satellite moves with high speed relative to a fixed position on earth, thus, feeder link’s TA changes frequently. If gNB does not compensate this TA variation, the broadcasted common TA needs to be updated frequently, which may lead to frequent SI modification.
Observation 3 In non-GEO scene, the broadcasted common TA may need to be updated frequently, which leads to frequent SI modification. 
If the current modification period applies to the broadcasted common TA, the modification period should match the update frequency of the common TA, which means network may need to configure a short modification period. In this way, UEs in RRC idle or RRC inactive mode are required to wake up more often to monitor for SI change indication, which would cause the UEs to consume more power. So RAN2 should discuss how to broadcast the common TA. One possible solution is that the common TA is broadcasted in a similar manner to that for UTC, i.e. network could broadcast the common TA with an updated value at any transmission occasion for the SIB containing the common TA, but the change of the common TA should neither result in system information change notifications nor in a modification of valueTag in SIB1.
Observation 4 If the current modification period applies to the broadcasted common TA, UEs in RRC idle or RRC inactive mode is required to wake up more often to monitor for SI change indication, which would cause the UEs to consume more power.
Proposal 1 RAN2 discusses how to broadcast the common TA, e.g. the common TA is broadcasted in a similar manner to that for UTC.
2.2 Timer offset determination 
In RAN2#111e meeting, RAN2 made the following agreement: 
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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.

In RAN2#112e meeting, RAN2 further discussed the timer issue and approved the following agreement 
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 a common understanding, for a UE with capability of TA pre-compensation, the UE should use UE-gNB RTT as the offset for both ra-ResponseWindow and ra-ContentionResolutionTimer. As mentioned above, both cases that downlink timing and uplink timing are aligned and are not aligned at gNB are supported in Rel-17 NTN. If downlink timing and uplink timing are aligned at gNB, the UE-gNB RTT is equal to UE’s TA. If downlink timing and uplink timing are not aligned at gNB, the UE-gNB RTT is equal to UE’s TA plus the TA value compensated by gNB. In the latter case, in order to enable UE to derive the UE-gNB RTT, gNB needs to broadcast a common offset corresponding to the TA value compensated by gNB.

Regarding the broadcast for the common offset, the same broadcast mechanism as common TA could be applied. 
Proposal 2 For a UE with capability of TA pre-compensation, use UE-gNB RTT as the offset value for ra-ResponseWindow and ra-ContentionResolutionTimer.

Proposal 3 If downlink timing and uplink timing are not aligned at gNB, gNB broadcasts a common offset corresponding to the TA value compensated by gNB.
Proposal 4 Use the same broadcast mechanism for the common offset as that for the common TA. 

2.3 RACH type selection
It has been agreed in RAN2#111e meeting that both 2-step and 4-step RACH are supported in Rel-17 NTN.
In NR, if a UE is configured with neither 2-step CFRA nor 4-step CFRA, and both 2-step CBRA and 4-step CBRA are configured, during RACH initialization, the UE selects the RACH type based on measured RSRP. More specifically, if the measured RSRP is larger than a pre-configured RSRP threshold, the UE selects 2-step CBRA; otherwise, the UE selects 4-step CBFA.
In NTN, due to the un-clear near-far effect, the legacy RSRP-based RA type selection may not work well. UE location information would be useful in addition to RSRP measurement results.
Observation 5 Legacy RSRP-based RA type selection may not work well in NTN due to the un-clear near-far effect.
Proposal 5 In addition to RSRP, UE location information is considered in RA type selection in NTN.
According to the agreement in RAN2#111e meeting, there is a new use case for 2-step RACH in NTN, i.e. using 2-step RACH for BSR. In order to further balance the load between 2-step RACH and 4-step RACH, and satisfy the delay requirement for some delay sensitive services, the delay requirement of different UL logical channels could be considered in RA type selection on top of the RSRP-based and UE location- based RA type selection criterion.
Observation 6 LCH-based RA type selection is useful for both load balance between 2-step RACH and 4-step RACH, and satisfying delay requirement of those delay sensitive services.
Proposal 6 Support LCH-based RA type selection.
3 Conclusion

Based on the discussion above, we made the following observations:

Observation 1 If gNB does not compensate the entire feeder link’s TA, gNB needs to broadcast a common TA for TA compensation at UE. 
Observation 2 The broadcasted common TA (if any) should be equal to the feeder link’s TA minus the TA compensated at gNB (if any). 
Observation 3 In non-GEO scene, the broadcasted common TA may need to be updated frequently, which leads to frequent SI modification. 
Observation 4 If the current modification period applies to the broadcasted common TA, UEs in RRC idle or RRC inactive mode is required to wake up more often to monitor for SI change indication, which would cause the UEs to consume more power.
Observation 5 Legacy RSRP-based RA type selection may not work well in NTN due to the un-clear near-far effect.
Observation 6 LCH-based RA type selection is useful for both load balance between 2-step RACH and 4-step RACH, and satisfying delay requirement of those delay sensitive services.
And propose the following:

Proposal 1
RAN2 discusses how to broadcast the common TA, e.g. the common TA is broadcasted in a similar manner to that for UTC.
Proposal 2
For a UE with capability of TA pre-compensation, use UE-gNB RTT as the offset value for ra-ResponseWindow and ra-ContentionResolutionTimer.
Proposal 3
If downlink timing and uplink timing are not aligned at gNB, gNB broadcasts a common offset corresponding to the TA value compensated by gNB.
Proposal 4
Use the same broadcast mechanism for the common offset as that for the common TA.
Proposal 5
In addition to RSRP, UE location information is considered in RA type selection in NTN.
Proposal 6
Support LCH-based RA type selection.
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