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1. Introduction
In RAN#82 a new work item on “2-step RACH for NR” was agreed [1]. 2-step RACH has also been considered during the study item phase on NR-based access to unlicensed spectrum [2]. In this contribution, we discuss the procedure for 2-step RACH. The scope of  2-step RACH  is presented as follows:
[bookmark: OLE_LINK14][bookmark: OLE_LINK13]2-step RACH [RAN1, RAN2]
· 2-step RACH shall be able operate regardless of whether the UE has valid TA or not.
· 2-step RACH is applicable to any cell size supported in Rel-15 NR;
· 2-step RACH is applied for RRC_INACTIVE , RRC_CONNECTED and RRC_IDLE state
· Specify contention-based 2-step RACH procedure (RAN2)
· Channel structure of msgA is Preamble and PUSCH carrying payload (RAN1)
· Only reuse the Rel-15 NR PRACH Preambles design. 
· Only reuse the Rel-15 NR PUSCH including Rel-15 DMRS for transmission of payload of msgA)
· No new CP length and no sub-PRB guard subcarrier(s)
Note 1: The above sub-bullet is to ensure that signal structure optimizations for any specific cell size (e.g. cells with RTT larger than Rel-15 PUSCH CP duration) are not pursued.
· Specify the mapping between the PRACH preamble and the time-frequency resource of PUSCH in msgA+ DMRS
· PRACH Preamble and PUSCH in a msgA is TDMed
· Specify the supported MCS(s) and time-frequency resource size(s) of PUSCH in msgA
· Consider the msgA payload contents determined by RAN2
· Specify power control of PUSCH of msgA
· Specify msgA’s content: to include the equivalent contents of msg3 of 4-step RACH (RAN2/RAN1)
· Inclusion of UCI in msgA is not precluded
· Specify msgB’s content: to include the equivalent contents of msg2 and msg4 of 4-step RACH (RAN1/RAN2)
· Contention resolution for 2-step RACH (RAN2)
· Design of RNTI for msgB of 2-step RACH (RAN2)
· Specify the fall back procedure from 2-step RACH to 4-step RACH (RAN2/RAN1)
· All triggers for Rel-15 NR 4-step RACH are applied for 2-step RACH except for SI Request and BFR which are up to RAN2 discussion
· No new triggers for 2 step RACH
For unlicensed operation:
· After PRACH and PUSCH design enhancements are completed for NR-U in the Rel-16 NR-U WI, identify and specify the necessary modification of 2-step RACH design for its application in NR-U(RAN1/RAN2)
2. Procedure for two step RACH
2.1 Timing adjustment and RAR monitoring window
In two-step RACH, MsgA includes the preamble (Msg1) and the data signal (Msg3), and MsgB combines the random access response (Msg2) and the contention resolution (Msg4), as shown in Fig.1. 

    
[bookmark: _Ref534728109]Figure 1 2-Step RACH procedure.
For MsgA, one problem issued by 2-step RACH is how to adjust the timing for the PUSCH, especially for the idle or the in-active state. One way is to set one symbol next to the PUSCH  as blank by configuration, as shown in Fig.2. Then, the UE can transmit the msgA in PUSCH without any timing adjustment operation. And the gNB could receive this PUSCH with the timing info from the preamble. Note that some resource in adjacent frequency domain may also be needed to avoid interference. Alternatively, the TA adjustment can be implemented at the UE side without gNB’s assistance. Specifically, UE needs to estimate the TA value from DL RS, e.g., based on SINR. Then the UE can select a quantized TA value corresponding to this SINR value from a pre-defined table. It would save some UL resource but incur some timing errors inevitably. Also, above two schemes can be considered together to solve this problem.


Figure 2 Timing adjustment solution by gNB scheduling
To response a PRACH transmission in 4-step RACH, a UE attempts to detect a DCI format 1_0 with CRC scrambled by a corresponding RA-RNTI during a window controlled by higher layers. The window starts at the first symbol of the earliest control resource set the UE is configured to receive PDCCH for Type1-PDCCH common search space that is at least one symbol, after the last symbol of the PRACH occasion corresponding to the PRACH transmission. In 2-step RACH, one minor modification would be that the window starts at the earliest control resource set after the last symbol of the transmission of msgA. Furthermore, considering the processing time for detecting the msgA, whether a gap is needed or not needs further study.
Proposal 1: FFS timing adjustment solution for PUSCH of msgA w/ or w/o gNB assistance.
Proposal 2: The RAR monitoring window start at the earliest control resource set after the last symbol of the transmission of msg, FFS whether a gap is needed or not.
2.2 RACH Fall back procedure
For 2-step RACH procedure, due to potential lower detection success probability for MsgA, it is beneficial to allow fall back to the 4-step RACH procedure. For example, the gNB detects a preamble, but is unable to decode the MsgA data. Then the procedure of 4-step RACH could continue. 
The procedure from 2-step fall back mechanisms can be considered. From the gNB point of view, the MsgA preamble detected in this 2-step RACH procedure is actually the same as that in 4-step RACH, where only the preamble is transmitted and detected. The gNB can then use 4-step RACH in the following steps, and send Msg2 to the UE, indicating the detected preamble ID, the allocated temporary UE-ID, and timing advance (if needed). Msg3 and Msg4 will follow the regular 4-step RACH procedure. Alternatively, the gNB can indicate to the UE to start a 4-step RACH procedure, by sending a dedicated signaling.
Another question is whether the 2-step RACH and 4-step RACH could share the same resource for the RACH occasion. The advantage is obvious that much resource for the RACH occasion could be saved. Also, the fallback procedure is nature and minimizes the spec impacts. While the disadvantage is that the access delay would be large as the gNB could not distinguish 2-step RACH from 4-step RACH, and all the RAR would be transmitted after the detection of the corresponding PUSCH. 
Proposal 3: If the gNB detects a preamble, but is unable to decode the MsgA data, then the gNB transmit the RAR following the 4-step RACH directly. FFS if  2-step RACH and 4-step RACH could share the same resource for the RACH occasion or not.
3. Conclusion
In this contribution, we have discussed the procedure for 2-step RACH. The following proposals are given:
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Proposal 1: FFS timing adjustment solution for PUSCH of msgA w/ or w/o gNB assistance.
Proposal 2: The RAR monitoring window start at the earliest control resource set after the last symbol of the transmission of msg, FFS whether a gap is needed or not.
Proposal 3: If the gNB detects a preamble, but is unable to decode the MsgA data, then the gNB transmit the RAR following the 4-step RACH directly. FFS if  2-step RACH and 4-step RACH could share the same resource for the RACH occasion or not. 
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