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Introduction
At RAN plenary, the following Way Forward was endorsed [[1]
· A common 2-step RACH design for various use cases is desirable 
· PHY layer aspects of 2-step RACH design are not addressed in any of the on-going SIs (no SIDs updates) 
· 2-step RACH can be included in a later Rel-16 WI, per normal approval process.
· Higher layer aspects of 2-step RACH can be studied within NR-U SI with the understanding that higher priority should be given to the feasibility of NR-U operation in the architectures described in the NR-U SID [RP-181339] and aspects that may require input from SA WGs


In this contribution, we discuss procedures with respect to 2 step RACH for NR unlicensed operations based on RAN plenary agreements and RAN2 email discussion as well as previous agreements for NR SI phase.

Discussion
At RAN2#103bis meeting [4] [2], the following agreements were made;

Agreements:
1. From RAN2 perspective, the first message in 2-step RACH is a signal to detect the UE and a payload while the second message is for contention resolution for CBRA with a possible payload.
2. As a baseline, all the triggers for 4-step RACH are also applicable to 2-step RACH with the following caveats: 1-) SI request, BFR cases need further study. 2-) How timing advance and grants are obtained for first message should be taken into account.
3. The first message for 2-step RACH will at least include the equivalent information which is transmitted in msg3 for 4-step RACH. RAN1 input will be needed for the payload size.
4. CFRA for 2-step RACH is supported.
5. Contention resolution in 2-step RACH will be done by including a UE identifier in the first message which is echoed in the second message. The type of UE identifier(s) is FFS.
6. Fall-back from 2-step RACH to 4-step RACH is supported. Doing this after msgA will need support from physical layer perspective.
7. Additional opportunities for RACH transmissions, e.g. in time or frequency domain, should be supported for 2-step RACH.
8. Assuming 2-step RACH is used for initial access, the parameters for 2-step RACH and a grant for msgA will be broadcasted.

Based on these agreements above and the 103#55 email discussion [2] from the RAN2#103 meeting, we in this document highlight and discuss some of them.

Msg1 content; (Agreement #3)
Question 1: From RAN2 perspective, can we assume that the first message in 2-step RACH is a preamble-like signal and a payload while the second message is for contention resolution with possible payload? [2]
In principle, the 2-step RACH procedure can be perceived as the simplified 4-step RACH where the Msg.1/step 1 contains Msg.1 and Msg.3 of the 4 step RACH, which corresponds to the preamble followed by the information part: for example the connection request and UE ID [4]. Buffer status report (BSR) is also something that potentially could be included in some scenarios. Then, Msg2/step 2, consists of the 4-Step RACH Msg.2 and Msg.4, which corresponds to the - RA response (RAR), timing advance (TA) info, and finally the RRC response message. Furthermore, we could also consider so that the 2-Step RACH Msg.1 can contain data from the application layer. One potential use-case is for internet of things (IoT), where the data can be very-small. The 2-steps RA procedure is illustrated in Figure 1.
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The information/data part of the 2-Step RACH Msg.1 needs to be defined, in terms of resource allocation in time and frequency. Here, we consider the resource allocation is using uplink data-shared channel and is pre-configured by the gNB, via system information, in order for the UE that intends to perform 2-a Step RACH to have this information prior to the Msg.1 transmission, if in Idle mode. If the UE has been configured to RRC Inactive mode, the configuration can be done via dedicated RRC signaling.

Proposal 1: The Msg1 in the 2-step RACH contains preamble and information/data part.

Fall-back; (Agreement # 6)
Question 7: Should fall-back to 4-step RACH after sending first message in 2-step RACH be supported?[2]
There may be situations under which it is not possible to successfully complete a 2-step RACH procedure. For example, in case of collision of 2 or more UEs, the network may not decode the message part of Msg1. For this case a fall-back solution to normal 4 step RACH should be considered [5]. 
This relies though on that the NW being able to identify the UE from its preamble even if the message part is not received.

Proposal 2: Fallback mechanism from 2-step RACH to 4-step RACH should be considered.

Since we expect that the 4-step RACH will be based on the LTE procedure, it is assumed that a backoff indicator will also be supported for the RACH congestion case. Hence, we also expect that if the NW responds to a 2-step RACH using RAR, then it should also be possible to include the backoff indicator instead of an uplink grant to continue with the 4-step procedure. 

Proposal 3: In case the UE receives RAR with backoff indicator in response to a 2-step RACH preamble (+message) transmission, then after performing backoff the UE uses 4-step RACH procedure.

In addition to the case of RAR with backoff, there may also be the case that the UE receives does not receive any response (i.e. no contention resolution message and no RAR, or no RAR containing the random access preamble identifier corresponding to the transmitted preamble), then it should be possible to perform retransmissions of 2-step RACH msg1 with some configured retransmission values and fall-back criteria’s. 

Proposal 4: After receiving no response to a 2-step RACH initial transmission, or reaching the maximum 2-step RACH retransmissions, the UE retransmits/restarts the PRACH procedure using the 4-step RACH procedure.

Delay sensitive access:
Question 4: Are there any design elements which may differ between licensed and unlicensed from RAN2 specification perspective?[2]
Question 8: Do additional opportunities for RACH transmissions also apply to 2-step RACH?[2]

Due to the nature of unlicensed access, with the concept of LBT, further studies may be needed to handle delay sensitive access attempts, which may suffer unacceptable time periods due to LBT.
One way forward to discuss can be to support multiple RACH procedures, where the UE can initiate parallel Random access attempts [3] in order to mitigate channel access delays.

Proposal 5: The UE should be able to initiate parallel RACH procedures
Since in case of unlicensed access, some parts of the frequency spectrum may suffer from higher LBT blockage, which implies that additional RACH attempts may not always have to be done in the same BWP, but it might be preferable to try another BWP. Therefore multiple and/or parallel RACH attempts should be done also in different BWP.
Proposal 6: The UE should be able to initiate parallel RACH procedures on different BWP.

Beam selection:
Another aspect which has not been covered by email discussion is related to beam selection.
Beam selection is an area that may be impacted by LBT, in case the base station are prohibited to transmit SSB in certain beam for a number of occasions or during a certain time period.
One way forward to discuss can be to support the UE is monitoring not only the best beam, but monitors two or more beams in parallel, in order to always have the possibility to fast access attempt if the SSB is blocked by LBT on the best beam that UE is “camping on”.

Proposal 7: The UE should be able to select the alternative best beam.

Conclusions
In this contribution, based on the above discussion we have the following proposals:
Proposal 1: The Msg1 in the 2-step RACH contains preamble and information/data part.
Proposal 2: Fallback mechanism from 2-step RACH to 4-step RACH should be considered.
Proposal 3: In case the UE receives RAR with backoff indicator in response to a 2-step RACH preamble (+message) transmission, then after performing backoff the UE uses 4-step RACH procedure.
Proposal 4: After receiving no response to a 2-step RACH initial transmission, or reaching the maximum 2-step RACH retransmissions, the UE retransmits/restarts the PRACH procedure using the 4-step RACH procedure.
Proposal 5: The UE should be able to initiate parallel RACH procedures
Proposal 6: The UE should be able to initiate parallel RACH procedures on different BWP.
Proposal 7: The UE should be able to select the alternative best beam.
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