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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#82, a new work item aims to specify 2-step RACH was agreed [1], see Appendix. 
In this contribution, we will mainly discuss the 2-step RACH procedure related issues, including MsgA transmission, MsgB reception, and fallback to 4-step RACH.
[bookmark: _Ref129681832]2-step RACH procedure
Figure 1 shows the basic procedure of 2-step RACH and 4-step RACH. In general, the procedure for 2-step RACH includes MsgA transmission and MsgB reception from UE aspect, which is simplified from 4-step RACH with Msg1, Msg2, Msg3 and Msg4 to be transmitted and received, respectively. To some extent, MsgA can be regarded as combination of Msg1 and Msg3 and MsgB can be regarded as combination of Msg2 and Msg4. In general, 4-step RACH is a baseline capability for all UEs, while 2-step RACH would be an optional operation for some scenarios with more stringent requirement (e.g. lower latency) and favorable channel conditions, per network configuration.
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[bookmark: _Ref10260]Figure 1. Basic procedures for 2-step RACH and 4-step RACH
Transmission of MsgA
In 2-step RACH, MsgA consists of PRACH preamble and PUSCH payload data. In our companion contribution [2], the channel structure of MsgA has been discussed. This contribution focuses on the procedure related issues for the transmission of MsgA. 
Contents of MsgA
As mentioned in the WID, the contents of MsgA include the equivalent contents of Msg3 of 4-step RACH, which mainly depend on UE states. For RRC_IDLE and RRC_INACTIVE states, the UP data transmission is not supported, and only data from UL CCCH can be transmitted in MsgA, and the payload size can be 56 or 72 bits including MAC header. While in the RRC_CONNECTED state, it is still under RAN2 discussion whether it is beneficial to have UP data transmission for contention-based RACH. On the other hand, since contention-based PRACH resources are shared among UEs in all possible RRC states, if the payload size in RRC_CONNECTED state is different from that of RRC_IDLE and RRC_INACTIVE states, it needs extra mechanism to distinguish the payload size at the gNB. Therefore, although the payload contents of MsgA is to be determined by RAN2, the payload size of 56 or 72 bits can be the starting point for the design of MsgA in all RRC states.
Proposal 1: Consider 56 and 72 bits as starting point for the payload size of 2-step RACH MsgA. 
Power Control of MsgA
Power control mechanism is one key aspect in NR to control the interference and improve power efficiency of UEs. The NR power control framework [3] enables power ramping for preamble and close loop power control for Msg3 in 4-step RACH. In 2-step RACH, similar design principle and framework can be applied for the PRACH in MsgA.
Proposal 2: Power control for PRACH in MsgA should follow that for Msg1 in Rel-15 4-step RACH.
For PUSCH in MsgA, the power control framework for Msg3 in 4-step RACH can be the starting point. In 4-step RACH, the target received power of Msg3 is related to that of Msg1 and there can be a power offset between them. In 2-step RACH, since there is no grant indicating TPC before the PUSCH transmission, the close-loop power control may not be supported, then the power offset can be configured between the target received power of PRACH and PUSCH, and can be different from that for Msg3 in 4-step RACH. If MsgA is retransmitted, power ramping can be applied for both PRACH and PUSCH. Similar to Msg3, the transmit power of the PUSCH of MsgA can also depend on the numerologies, bandwidth and selected MCS. 
Proposal 3: At least support open loop power control for PUSCH in MsgA for 2-step RACH. 
Reception of MsgB
In 2-step RACH, MsgB contains the response to MsgA, which is to include the equivalent contents of Msg2 and Msg4 of 4-step RACH. The design of MsgB can be related to whether the 2-step RACH and 4-step RACH are configured with separate PRACH resources. Based on the analysis in our companion contribution [2], here we focus on the case with separate PRACH configurations.
Contents for MsgB
After UEs transmit MsgA, there can be at least two cases to response including: 
· Case 1: PRACH detected and PUSCH not decoded;
· Case 2: PRACH detected and PUSCH successfully decoded.
Therefore, MsgB may include response to PRACH only (for Case 1), or response to both PRACH and PUSCH (for Case 2). For Case 1, the content of MsgB can be the same as that of Msg2 (i.e. containing preamble index, TA command, UL grant and TC-RNTI). For Case 2, MsgB may not need to contain the full information of Msg2 in 4-step RACH. Instead, it may include the contention resolution ID and other RRC messages conventionally contained in Msg4 of 4-step RACH (e.g. RRC connection (re-)setup, RRC (re-)configurations, state transition signaling, etc.).
Based on their functionality, the Msg2-like content in MsgB can be transmitted in a group common manner, while the Msg4-like content in MsgB is more likely to be transmitted in a UE specific manner. Therefore, at least for the Msg2-like content in MsgB, the RAR mechanism in 4-step RACH can be reused, while the mechanism to transmit Msg4-like content in MsgB can be further discussed.
Proposal 4: At least for the Msg2-like content in MsgB, the RAR mechanism in 4-step RACH can be reused in 2-step RACH.
RAR window for MsgB reception
In legacy 4-step RACH, two time windows for Msg2 and Msg4 reception are defined as RAR window and contention resolution timer respectively. In 2-step RACH, the functionality of the two time windows may be realized in one window or still kept with two separate windows. In general, there are two aspects needs to be considered for the design of the response time window, namely 1) to provide scheduling flexibility for PDCCH/PDSCH of Msg2 and Msg4; and 2) to control the overall latency of RACH procedure. 
Since gNB need to detect both PRACH and PUSCH before sending MsgB, the starting point of the time window for MsgB reception can be after the completion of MsgA transmission, as shown in Figure 2, and the length of RAR window can be different from that for 4-step RACH, taking into account the processing delay of PUSCH of MsgA at gNB side. 
Proposal 5: Time window for MsgB reception can start after the completion of MsgA transmission.
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Figure 2. Window for MsgB reception

UE behavior after receiving MsgB
For legacy 4-step RACH, UE will behave differently upon different responses with different messages. Generally, three different behaviors are defined once UE misses the reception of Msg2 or Msg4 within the two time windows mentioned above, namely
1. Retransmission of preamble once Msg2 is not detected within the RAR window.
2. PUSCH retransmission once one DCI indicating an UL grant for Msg3 retransmission instead of indicating one DL grant for Msg4.
3. Retransmission of preamble once no Msg4 is detected within the contention resolution widow (i.e. before the timer expires). 
Similarly, for 2-step RACH, if no MsgB is detected, this implies preamble detection fails at the gNB side, so MsgA retransmission is reasonable. On the other hand, if only response to preamble is detected, then the UE can transmit one PUSCH according to the UL grant in MsgB, similar to the Msg3 transmission in 4-step RACH. As there is initial PUSCH transmission in MsgA, then UL grant in MsgB can indicate one new PUSCH transmission or re-transmission for initial PUSCH. The information received in the initial transmission may be used for combining to enhance the reliability of PUSCH.
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Figure 3. UE behavior comparison between MsgB and Msg2/4 reception 
Proposal 6: Retransmission of MsgA or PUSCH indicated by MsgB can be supported.

Conclusions
Based on the discussions above, we have the following observations and proposals:
Proposal 1: Consider 56 and 72 bits as starting point for the payload size of 2-step RACH MsgA. 
Proposal 2: Power control for PRACH in MsgA should follow that for Msg1 in Rel-15 4-step RACH.
Proposal 3: At least support open loop power control for PUSCH in MsgA for 2-step RACH. 
Proposal 4: At least for the Msg2-like content in MsgB, the RAR mechanism in 4-step RACH can be reused in 2-step RACH.
Proposal 5: Time window for MsgB reception can start after the completion of MsgA transmission.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 6: Retransmission of MsgA or PUSCH indicated by MsgB can be supported.
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Appendix
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)
Note 2: UP data transmission in RRC_IDLE and RRC_INACTIVE state is not in the scope. UP data transmission in RRC_CONNECTED mode as in Rel-15 NR is supported. 
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