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Introduction
In RAN#80, a new SI “Solutions for NR to support Non-Terrestrial Network” was agreed [1]. It is a continuation of the preceding SI “NR to support Non-Terrestrial Networks” (RP-171450), where the objective was to study the channel model for the non-terrestrial networks, to define deployment scenarios, parameters and identify the key potential impacts on NR. The results are summarized in [2]. The new study item has the objective at evaluating potential solutions addressing the minimum necessary identified key impact areas from the previous activity and to study impact on RAN protocols/architecture. 
In RAN2#104, the following on 2-step RACH was captured:
Agreements:
-	Discussion on 2-step RACH will be postponed until the procedures are more stable. 

In RAN2#105, the following was captured:
Agreement:
-	2-step RACH in general can be beneficial for NTN and can be studied after the Rel-16 WI on 2-step RACH has progressed

The issue of 2-step RA was first discussed during NR-U SI, but the work item on 2-step RA was accepted in RAN#82 [2]. 

Furthermore in the e-mail discussion 106#70, RACH capacity and RACH procedures were discussed but details on 2-step random access were left out due still on-going work in the 2-step. In this paper, we give an overview of 2-step random access procedures and an overview of some of the issues of adapting to NTN. Although the work in RAN1 and RAN2 is still on-going and given the work item description is unlikely to change, we still think it could be beneficial to agree and capture some basics regarding 2-step RACH. 

Discussion on 2-step RA
2-step random access revolves around transforming the 4-step random access to a 2-step procedure by combining the two uplink-messages Msg1(preamble) and Msg3 to msgA and combining the two downlink messages Msg2 (RAR) and Msg4 into msgB, as seen in Figure 1. 
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Figure 1. 4-step to 2-step Random access
The 2-step random access procedure is considered beneficial for NR-U, due to the lengthy process of the required LBT procedure, where both network and UE needs to perform the listen-before-talk procedure before transmitting anything. For the NR Rel-15 baseline 4-step RA procedure, there will at least be 4 LBT-procedures and even more if the LBT fails, which might happen regularly. 
While the NR-U main use-case is often small-cell deployments there are currently no assumptions regarding the size of the cell and the current evaluation assumptions include 200m to 25 km as well as from frequency ranges from low-to-midband. The work item on 2-step RACH also targets a common design for 3 main scenarios, being mMTC, URLLC and eMBB. 
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The triggers for random access are expected to be similar to 4-step random access, which include the following:
-	Initial access from RRC_IDLE;
-	RRC Connection Re-establishment procedure;
-	DL or UL data arrival during RRC_CONNECTED when UL synchronisation status is "non-synchronised";
-	UL data arrival during RRC_CONNECTED when there are no PUCCH resources for SR available;
-	SR failure;
-	Request by RRC upon synchronous reconfiguration (e.g. handover);
-	Transition from RRC_INACTIVE;
-	To establish time alignment for a secondary TAG;
-	Beam failure recovery.

The following description was captured in 38.300:
------------------------------------------------- 
The MSGA of the 2-step CBRA includes a preamble on PRACH and a payload on PUSCH. After MSGA transmission, the UE monitors for a response from the network within a configured window. If contention resolution is received successfully in MSGB, it ends the random access procedure as shown in Figure 9.2.6-1(b); while if fallback indication is received, the UE falls back to 4-step CBRA and continues with MSG3 transmission as shown in Figure 9.2.6-2.
------------------------------------------------- 
As the work in 2-step RACH is currently on-going, it is unlikely that the work will cater to the specific needs of NTN, so to adapt 2-step RACH to NTN would have to be done at a phase when the work on 2-step RACH is done. 
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Discussion on 2-step RA for NTN
Since the work item on 2-step RACH is already targeting a common design for 3 main scenarios, it may be likely that the basic design of 2-step RACH can meet the satellite use case. And although we believe that any serious discussion on 2-step RA should be hold-off until the design is mature, below some problems related to 2-step RA are mentioned for information purpose. 
General 2-step RA issues
Early on in RAN2, a set of issues that can be described as procedural issues being discussed related to 2-step RA were identified which are listed from [3] below:
1. General aspects on a contention-based 2-step RACH procedure
2. UE state for where 2-step RACH is applied, e.g. RRC_INACTIVE , RRC_CONNECTED and RRC_IDLE state
3. msgA’s and msgB’s content and payload, including possible payload sizes; to include the equivalent contents of msg3 of 4-step RACH and msg2 and msg4 of 4-step RACH
4. Contention resolution for 2-step RACH
5. Design of RNTI for msgB of 2-step RACH
6. Fall-back procedure from 2-step RACH to 4-step RACH
7. Whether triggers for Rel-15 NR 4-step RACH includes SI Request and BFR which are up to RAN2 discussion

While some of the solutions to these problem are unlikely to be a problem for NTN, such as in which state where 2-step RACH is applied, contention resolution for 2-step RACH and design for RNTI for msgB, there might be some problems that might have impact when adapting it to NTN. These issues might include msgA and msgB content and payload size, which is due to the fact that there might be extra or extended information elements added and PUSCH resource selection. 
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On capacity for 2-step RA for NTN
One of the main issues related to 2-step RA for a terrestrial network is whether the same random access capacity and performance can be maintained. Analyzing the capacity this leads to two questions; the capacity and possible message sizes for Msg A and Msg B and on the coverage for 2-step RA. 
1. Random access capacity for Msg A
As Msg 1 and Msg 3 is bunched up together into MsgA, there will need to be idle resources for the PUSCH part of MsgA. This means the random access capacity is expected to be a lot lower compared to 4-step RA for the same amount of RACH capacity. The question remains whether the resources for the PUSCH needs to be over-dimensioned the same way it is for random access occasions.
2. 2-step RA coverage
Closely related to the random access capacity is the question of the coverage for msgA. Where as the coverage in 4-step RA is related to the networks ability to decode the RACH, the coverage in 2-step is related to the networks ability to decode the RACH and the PUSCH. 
The two above mentioned issues are also expected to be large issues for NTN. 
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Conclusion
[bookmark: _Hlk16780604]In section 2 we made the following observations:
Observation 1	Rel-16 2-step RACH WI targets a common design for 3 main scenarios (mMTC, URLLC and eMBB).
Observation 2	When adapting 2-step random access to NTN there could be issues with msgA and msgB content and payload size and PUSCH resource selection.
Observation 3	When adapting 2-step random access to NTN there could be problems with RACH capacity.

We propose the following:
Proposal 1	Adapting 2-step RACH to NTN would have to be done when the current work on 2-step RACH is finished.
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