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1  Introduction
For Rel-17, a work item for NR to support NTN (Non-Terrestrial Networks) [1] has been approved with some initial progress in RAN2, building on the agreements from the SI phase in TR 38.821 [2]. One of the primary RAN2 objectives for such enhancements is to address RACH procedures as highlighted below from TR 38.821:

The Rel-16's user plane 2 step RACH procedure can be considered during the WI phase with possible enhancements:
· The required adaptations will be discussed during the WI phase, such as inclusion of assistance information, e.g., SFN index, in MsgA etc.
· The trade-off between latency gain and UL overhead impact caused in NTN scenarios by the introduction of 2-step RACH procedure can be further discussed during the normative work.

In more recent RAN2 agreements, in RAN2#111e, the following was agreed regarding the inclusion of 2-step RACH in Rel-17 NTN [3]:
Agreements:
Both 2-step and 4-step RACH are supported in Rel-17 NTN. FFS enhancements to RACH to accommodate the NTN environment.

Additionally, there are several related FFSs on RACH issues in RAN2 from RAN2#113-e [4]:
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

One aspect that is investigated below is the enhancements to RSRP-based selection mechanism of 2-step vs. 4-step RACH, per WID objectives, SI conclusions and initial RAN2 agreements.


2	 Discussion

2.1 Rationale for NTN 2-step RACH Selection Enhancements
In this section, we discuss the open issue regarding NTN RACH selection criteria over the existing NR procedures. 
Given the agreements that both 2-step and 4-step RACH may be configured for a given NTN cell, how to select the RA type should be discussed further to enhance the legacy TN RSRP thresholds, to accommodate NTN platforms.
[bookmark: _Hlk60729084]The criteria for selection of 2-step RACH versus 4-step RACH per TS 38.321 is solely based on RSRP. However, for NTN, there is little to no near-far effect as shown in the figure below. All UEs served by an NTN cell should have similar RSRP levels, thus making the TN criteria based on RX signal measurements insufficient. Granted that there may be some variations due to multipath for LOS vs NLOS UEs, however, other criteria and methods should be defined to determine the RA selection (e.g., cell edge/center determination via Satellite ephemeris).
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[bookmark: _Ref59520122]Figure 2.1-1 NTN vs TN Near-far effects [2]
2.2 Background for 2-step RACH
In Rel-16, 2-step RACH was standardized as an enhancement to existing traditional 4-step RACH procedures. In NTN, 2-step RACH is preferred given long transmission delays and the potential for one less round trip.
The criteria for selection of 2-step RACH versus 4-step RACH from TS 38.321 section 5.1.1 is solely based on RSRP, given a strong signal should be present for sending additional payload in msgA. Some other criteria or enhancements should be made for NTN platforms.

Observation 1: Per WID and RAN2 agreements, existing NR 2-step RACH selection procedures should be enhanced when an NTN cell is configured for both 2-step and 4-step RA.
Observation 2: TN-based RSRP/RSRQ thresholds of the NTN cells is not sufficient criteria for RA-type selection.
Observation 3: Existing Rel-16 measurement rules and mobility states for TN are not applicable for NTN platforms.

2.3 Potential solutions
Based on the nearly uniform RSRP measurements across an NTN cell coverage footprint per Figure 2.1-1, there is the need for additional criteria for RACH selection if the cell is configured for both 2 and 4-step RA. Once SIB1 is decoded by the UE, the UE will be able to determine if both 2-step and 4-step RACH are configured for that particular NTN cell.
Satellite ephemeris and/or UE Location:
Depending on the NTN deployment, if ephemeris data is available at the UE and/or at gNB for serving satellite, this information could be used to determine and select 2-step RA versus 4-step RA (cell-center vs cell edge). This may also require the absolute geographic UE location or relative UE location. Relative location (based on RTT/TDOA, etc.) in this case could be distance from the satellite.
Changes in received signal over time:
Other possible criteria: change in RSRP measurements (over time) from an NTN cell, or elevation angle of the NTN cell.
Based on UE capabilities as another factor:
The configuration of RACH mechanism and resources may be based on UE capabilities (e.g., whether or not the UE location is known). For example, if UE location is known, 2-step RA could be prioritized because UE may be able to estimate RTT. If no location is known or UE is not capable of determining its own accurate location or outdated UE location, 4-step RA could be selected and gNB would then be able to estimate RTT and return appropriate TA/timer configurations.
To summarize, in the situation where both 2-step and 4-step RACH are configured for an NTN cell, the UE could determine the following:
1. whether it has recent and accurate location information, 
2. valid and up-to-date satellite ephemeris information for the particular NTN cell and,
3. located at or near the cell center. UE location near the cell center may be determined by elevation angle of the cell, RTT, relative location to the NTN cell, etc. 
4. LOS/NLOS identification could be also used as another input. 
5. Legacy RSRP/RSRQ criteria/thresholds may also be used, e.g., checking to ensure that the NTN cell is valid (no outage situation).
If these factors can be satisfied, the UE may select the 2-step RACH procedure. Fallback to 4-step RACH is possible if the 2-step RACH procedure is not successful.

Observation 4: Several possible solutions and additional criteria for 2-step RACH selection are discussed and should be investigated by RAN2.
Proposal 1: RAN2 agrees to enhance MAC procedures with additional assistance information and enhancements for 2-step RA selection in the event that an NTN cell is configured for both 2- and 4-step RACH.


3  Conclusion
To summarize, the following observations and proposals were examined:
Observation 1: Per WID and RAN2 agreements, existing NR 2-step RACH selection procedures should be enhanced when an NTN cell is configured for both 2-step and 4-step RA.
Observation 2: TN-based RSRP/RSRQ thresholds of the NTN cells is not sufficient criteria for RA-type selection.
Observation 3: Existing Rel-16 measurement rules and mobility states for TN are not applicable for NTN platforms.
Observation 4: Several possible solutions and additional criteria for 2-step RACH selection are discussed and should be investigated by RAN2.

Proposal 1: RAN2 agrees to enhance MAC procedures with additional assistance information and enhancements for 2-step RA selection in the event that an NTN cell is configured for both 2- and 4-step RACH.


4  References
[1] 3GPP RP-201256, "Revised WID: Solutions for NR to support non-terrestrial networks (NTN)," September, 2020.
[2] 3GPP TR 38.821, Solutions for NR to support non-terrestrial networks (NTN), (Release 16).
[3] 3GPP MCC, “Draft Report of 3GPP TSG RAN WG2 #111-e, v2”
[4] 3GPP MCC, “Draft Report of 3GPP TSG RAN WG2 #112-e”
image1.jpg




