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Introduction
In this contribution we discuss fallback from the 2-step Random Access procedure to the legacy 4-step procedure. The 2-step procedure has advantages compared to the 4-step procedure with respect to latency, especially when applied to unlicensed carriers where the reduced number of LBTs is vital for latency.
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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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The 2-step procedure may fail in some situations. One example is when the PUSCH part is not decodable by the gNB, e.g. in high load situations where many PUSCH transmissions collide. Another situation would be in larger cells where cell edge UEs might not have an accurate UL TA also leading to PUSCH transmissions which cannot be decoded by the gNB. Since the 2-step WID [2] states that “2-step RACH is applicable to any cell size supported in Rel-15 NR” it should be expected that this situation might not be uncommon. Another situation can be that neither the preamble nor the PUSCH part is detected by the gNB.
Since the 4-step procedure will be more robust to handle both load peaks and insufficient UL time alignment, it is of importance that efficient fallback to the 4-step procedure is designed so that unnecessary latency as well as waste of radio resources is avoided. 
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For the 2-step procedure, a mapping between preamble part and Msg3 part of MsgA is needed. In the legacy 4-step procedure, several different preambles can be transmitted and detected on the same time and frequency resource, while different Msg3 will be granted on different resources. The details of how this will be done for the 2-step has not been agreed yet. Several options exist, e.g. mapping different preamble IDs to different TDM or FDM resources or mapping different preamble IDs to different CDM (e.g. scrambling, cyclic time-shift) resources. Depending on the scheme used, there may be different resource consumption and robustness when it comes to detection and decoding. However, the three main cases listed below would be the same in all cases and could be analysed without RAN1 input. 
1. Both the preamble and PUSCH are detected and decoded successfully by gNB
2. PUSCH is not decoded, but preamble is detected by gNB.
3. Neither PUSCH nor preamble is correctly detected/decoded

A flowchart of the UE and gNB actions in the above three cases (and in case back off is signalled) is given in Figure 2. After the UE has transmitted msgA, the UE can receive either a msgB or a msg2 (indicating fallback or back off) or nothing. 
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Figure 2 Possible UE and gNB actions after msgA transmission.
In case 1, the gNB will respond with a MsgB to each UE whose MsgA is successfully decoded. These UEs would then use MsgB for contention resolution, if needed.   
In case 2, the gNB cannot transmit a MsgB since the information needed is not available since MsgA was decoded. In this case there are two options. Either the UE continues with a MsgA retransmission or a fallback to the 4-step procedure is done. In this case the UE could fallback to the 4-step procedure triggered by the reception of a RAR. As an addition to this case, the gNb could signal back off to the other UEs transmitting preambles on the same PRACH resource.
[bookmark: _Toc525565501]In case 3, no MsgB is transmitted and UEs could either retransmit MsgA preamble + PUSCH (after power ramping) or fall back to transmitting Msg1 of 4 step RACH. While retransmissions reduce the latency benefit of 2-step RACH, always immediately falling back to 4 step RACH after a failed first transmission would seem to limit the benefit of 2 step RACH operation.  Therefore, allowing some retransmissions of both preamble and data parts of MsgA before falling back to 4-step RACH seems preferable.
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In case 2 where the gNB does not receive the PUSCH part of MsgA, a fallback to 4-step using the legacy 4-step RAR seems the most efficient way to continue the random access. The alternative of retransmission of MsgA after the msgB window has expired would lead to longer latency than doing a fallback, since the fallback would be handled within the RAR window while a msgA retransmission must be done after both the RAR window and the msgB window has expired. This condition is further explored in [3]. With these considerations in mind, it seems as doing a fallback to 4-step seems as the most efficient procedure. Hence, if the UE receives a RAR, it transmits Msg3 and follows the 4-step procedure thereafter.
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Since there can be two different responses to a MsgA transmission, either a MsgB or a RAR, it is advantageous if the UE can determine which response can be expected based on the PDCCH scrambling to facilitate decoding. In the case of a RAR reception, the UE monitors the PDCCH addressed to the RA-RNTI. Therefore, it would be advantageous if the PDCCH was scrambled by a different RNTI in case of a MsgB reception. This problem is discussed further in [4] where an alternative RNTI is proposed.
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In section 2 we made the following observations:
Observation 1	An efficient fallback to the 4-step procedure should be designed to avoid unnecessary latency as well as waste of radio resources.

Based on the discussion in section 2 we propose the following:
Proposal 1	It is beneficial if MsgA, including both preamble and data parts, can be retransmitted.
Proposal 2	In case the PUSCH part of MsgA cannot be decoded by gNB but the preamble part is detected, it is beneficial if a fallback to ordinary four-step RA is possible. In this case gNB sends a RAR including a grant for Message 3 and UE retransmits the PUSCH part as Msg3.
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