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Introduction
In NR-U, a listen before talk (LBT) operation may need be performed prior to any transmission. For the legacy four step random access this will result in four LBT occasions. As a result, RAN2 has concluded in the TR from the SI phase of NR-U [1] that the 2-step random access procedure is supported in NR-U.  In this paper, we discuss some potential issues with the 2-step random access procedure and propose corresponding solutions.
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In the 2-step random access (RA) procedure, the UL messages (Msg1 and Msg3 in legacy 4-step procedure) are combined into MsgA and sent simultaneously (or consecutive in time without the need for a LBT between) and similarly the two DL messages (Msg2 and Msg4, combined to MsgB) are sent as a simultaneous (or consecutive in time without the need for a LBT between) response in the DL. The procedure is illustrated from a high level in Figure 1.
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In the legacy four step procedure, one main usage of the first two messages is to obtain UL time alignment for the UE. In many situations, e.g. in small cells, for stationary UEs or UEs in connected mode, this may not be needed since either a TA equal to 0 will be sufficient (small cells) or a stored TA value could serve also for the current RA. In future radio networks and in NR-U deployments it can be expected that these situations are common, both due to dense deployments of small cells and a great number of e.g. stationary IoT devices. A possibility to skip the message exchange to obtain the TA value would lead to reduced RA latency and would be beneficial in several use cases, for example when transmitting infrequent small data packets. 
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Since every LBT faces the possibility to fail, the number of LBTs needed to perform a random access procedure is important for NR-U. A reduction of the needed number of LBTs reduces the risk of the UE or gNB not being able to transmit and thereby increasing the latency compared to the licenced case. The reduced number of needed LBTs needed for the 2-step procedure compared to the 4-step procedure is an important benefit for the 2-step procedure in NR-U. 
[bookmark: _Toc7273749][bookmark: _Toc7735169]For NR-U, the reduced number of LBTs needed for a 2-step Random access procedure compared to the legacy 4-step procedure, is an important benefit.
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The details of the design have not yet been decided in RAN1 but may have great consequences for NR-U. One example is that for MsgA, where it has been agreed in the 2-step WID [2] that the preamble part and the Msg3 part are TDMed. How large a time difference that can be allowed between the preamble and the Msg3 part may have impacts on the number of LBTs that have to be performed. For NR-U, one of the main benefits of the 2-step RA is the reduced need of LBTs compared to the 4-step RA procedure. In case MsgA would need two LBTs much of the benefits of the 2-step RA would disappear. Therefore, it is of vital importance that MsgA can be transmitted using only one LBT, i.e. that both the preamble part and Msg3 part can be transmitted within the MCOT. We therefore propose
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For NR-U it has also been observed that there are benefits of allowing a longer RAR window for the 4-step procedure than in the licenced case. It has been assumed by RAN2 in RAN2#105bis that the maximum RAR window is 20ms. This has implications on the RA-RNTI since the current RA-RNTI is ambiguous if applied to RAR windows exceeding 10ms. This problem is discussed in [3], where a solution is provided where the RA-RNTI space is not increased.
In the 2-step procedure, there are also benefits if fallback procedures as described in [4]. One issue which is identified is how the UE can distinguish if a response to MsgA is a MsgB or a RAR (implying fallback to 4-step procedure). We believe that the preferred option is that the UE does this based on different scrambling, i.e the RAR is identified by a PDCCH transmission addressed to the RA-RNTI and MsgB is identified by a different RNTI. This problem is discussed further in [5], where a solution is provided based on the UE id and that the RA-RNTI space is not increased.
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[bookmark: _Toc4658708][bookmark: _Toc7273751][bookmark: _Toc7735171]It may be beneficial also for the 2-step procedure if the RA-RNTI space remains the same as for NR.
Since the design of the RA-RNTI to allow longer RAR windows for the 4-step procedure may impact the 2-step procedure we believe that these issues need to be studied together, i.e. the impact of changing RA-RNTI needs also consider the consequences on the 2-step procedure. Hence we give the following proposal.
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In section 2 we made the following observations:
Observation 1	In small cells or for stationary UEs, Random Access may not be needed to obtain UL time alignment.
Observation 2	For NR-U, the reduced number of LBTs needed for a 2-step Random access procedure compared to the legacy 4-step procedure, is an important benefit.
Observation 3	Allowing longer RAR window for 4-step should be done without increasing the RA-RNTI space.
Observation 4	It may be beneficial also for the 2-step procedure if the RA-RNTI space remains the same as for NR.

Based on the discussion in section 2 we propose the following:
Proposal 1	For NR-U, it should be possible to send the preamble part and PUSCH part of MsgA using only one LBT.
Proposal 2	The RA-RNTI design for NR-U needs to consider consequences also for the 2-step procedure.
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