Page 4
Draft prETS 300 ???: Month YYYY
[bookmark: _GoBack]3GPP TSG-RAN WG2 #106	Tdoc R2-1907301
Reno, Nevada, US, 13th May – 17th May 2019

Agenda Item:	11.6.3.1
Source:	Ericsson
Title:	On 2-step random access for NTN
Document for:	Discussion, Decision
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#103bis, it is agreed to study the following UP and CP aspects:
UP Impacts to study 
1. DRX
2. HARQ 
3. Random access response 
4. RLC/PDCP reordering (e.g. timers and SN space)
5. SDAP => no impact
Impacts to study for CP
1. Mobility 
2. TA management and update 

The WI on 2-step RA was accepted in RAN#XX []. The work item started in Athens RAN1#YY and for RAN2 in RAN2#ZZ. The issue of 2-step RA was for instance discussed during NR-U SI.

In this paper, we give an overview of 2-step random access procedures and an overview of the issues of adapting to NTN.
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 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 system if LBT fails, which might happen regularly. 
While the NR-U main use-case is 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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Early on in RAN2, a set of issues 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

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. 
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. 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. 
2-step Random access with/without GNSS 
As mentioned in the current 2-step RA WID, the work mainly focuses terrestrial deployments where round-trip time is expected to be smaller than the cyclic prefix. For the case of NTN, it is obvious that this will not be fulfilled. Random access solutions for NR Rel-15 baseline procedures are discussed in [5], where it can be noted that if no uplink pre-compensation is done, the network will have to blind-decode a very large window in order to detect the preambles of all UEs within the cell. If the cell is large enough, then this will be a very large obstacle for the 4-step procedure. For the 2-step procedure the problems would be even larger as the UE will not be time-aligned to the PUSCH resources in MsgA, which can be seen in Figure 2. 
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Figure 2. 2-step Random access when UE is not time-aligned.
If uplink pre-compensation is done similar to in [5]. It would seem as if 2-step random access could be a viable option for NTN. The details of how this uplink pre-compensation should be discussed when the design of 2-step RA is more mature. 
Conclusion
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	2-step RA might be difficult without any type of uplink pre-compensation.
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