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1 Introduction
A new work item on “2-step RACH for NR” was approved in RAN#82 [1] and the objectives of this work item for physical layer are identified as follows: 
1. 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

This contribution discusses the procedure aspects for 2step RACH, including the power control, contents for msg.A and msg. B and fallback procedure.
2 2step RACH procedure
In 2step RACH procedure, a UE needs to transmit the msgA consisting of a preamble and a PUSCH, such that the power control for the preamble and PUSCH need to carefully studied. After that the UE will try to detect the feedback (msgB) from the gNB, and UE will further behave based on the content in the feedback, like whether fallback to 4step or not.      

Selection on 2step RACH or 4step RACH
Given the fact that the 4step RACH configuration will be there regardless of whether the introduction of 2step RACH exists or not. Thus, once the gNB also configures the 2step RACH resources, UE needs to know which type of RACH it should use if it is triggered to initiate a RACH procedure. Generally two directions could be considered:
· Controlled by gNB. E.g., gNB could indicate which type of PRACH to use by UE;
· Selected by UE. UE could choose which type of PRACH based on the trigger events, prioritized rule etc. 
For above two options, the one controlled by gNB will allow some flexibility of gNB to allocate UE in different mode to use different RACH type, e.g., indicate the RRC-connected mode to use the 2-step RACH first. However, such flexibility may not be so useful for initial access case since the WID has declared that almost all the trigger events (including initial access from idle UE) will apply to 2step RACH except the BFR and on-demand SI, which will be subjected to RAN2 decision, and also all cell radiuses are also supported for 2step RACH; thus from gNB perspective, 2step RACH and 4step RACH could be regarded as a total RACH resource in the system. From the purpose of random access, a gNB may not need to care much on whether the detected preamble is for 2step RACH or 4step RACH. Therefore, whether to initiate 2step RACH or 4step RACH could be selected by UE; and gNB could give assistive guide or some predefined rules to help UE to make the selection.
Proposal 1: UE selects whether to initiate 2step RACH or 4step RACH based on pre-defined rule.
Power control aspectsAgreements:
· At least open loop power control for PUSCH transmission in MsgA should be supported
· FFS PC for preamble vs. PC for PUSCH

The msgA consists of preamble and PUSCH transmission. Traditionally, in 4step RACH, gNB could give a TPC in the RAR to the UE based on the detected preamble for its msg.3 transmission. However, in this initial msgA transmission, the open-loop power control should also apply to the PUSCH transmission as agreed in RAN1#96 meeting [2], which is an straightforward choice since msgA transmission for 2step RACH is contention based nature and could happens before RRC connected mode. There was a consideration that using the TPC command in the RAR to facilitate the power control for 2step RACH re-attempt. But it is not a reliable choice because UE cannot ensure that RAR is intended for itself or for other UEs. In addition, in 4step RACH mechanism, a power offset PREAMBLE_ Msg3 between preamble and the msg.3 is determined based on the preamble format (including SCS). The same power offset could be applied for transmission power of PUSCH in msgA.
Proposal 2: The PREAMBLE_ Msg3 in NR Rel-15 could be applied to transmission power determination of PUSCH in msgA.
Contents for Msg.A 
In 4step RACH, the UE could include the information like BSR, PHR etc. into the msg.3 if the size allowed in addition to a regular UE ID-type of information like CCCH message or C-RNTI MAC CE. Besides these information which already could be included in the msg. 3, a UCI could be added in msgA as well.
Considering PUSCH for 2step RACH is initial UL transmission without any assisted indication, gNB is not able to give too much flexibility on the MCS choice like a traditional 4bits MCS indication in the RAR for the msg.3 transmission. However, it’s not necessary to constraint the MCS choice for PUSCH in 2step RACH to be only one neither. A certain level of flexibility is good for UE to arrange the transmission in PUSCH, e.g., for the UE with the good link quality, it could use a relatively high MCS and put more information in the PUSCH. Thus, to ease the burden of blind detection of gNB, a UCI carrying the MCS indication could be included in the msgA PUSCH.
Proposal 3: a UCI carrying the MCS indication could be considered in the msgA PUSCH.
Contents for Msg.B
After UE successfully transmits the msgA, it needs to monitor the feedback from gNB within a configured RAR window. Since now the gNB needs time to not only detect the preamble but also the decode PUSCH, the RAR window should start after the PUSCH transmission with a certain gap. 
Proposal 4: UE should start monitoring msgB from gNB after a certain gap from the end of PUSCH transmission in msgA.
Compares to the RAR in the 4step RACH, the msgB now needs to contain additional information, e.g., a contention resolution ID, to indicate the result of contention resolution. Thus, similar to msg.4, such contention resolution could be done by detecting a PDCCH with CRC scrambled by C-RNTI if this is for a UE who includes the C-RNTI in the msgA; or the PDCCH could also schedule a PDSCH which contains the MAC subhead for RAPID and the RAR for including contention resolution ID.
Proposal 5: Detecting a PDCCH with CRC scrambled by C-RNTI could be used for contention resolution in 2step RACH.
Proposal 6: Contention resolution ID could be contained in the msgB.
Fallback procedure consideration
Subject to the contents in the msgB, a UE could identify several cases on whether the preamble and/or PUSCH is successfully detected/decoded by gNB or not. 
· if a UE fails to detect a PDCCH with CRC scrambled by RA-RNTI when C-RNTI is not included in msgA, UE considers the transmission of preamble and PUSCH failed in this 2step RACH attempt, and it will go for another 2step RACH attempt;
· if a UE fails to detect a PDCCH with CRC scrambled by RA-RNTI, or C-RNTI when C-RNTI is included in msgA, UE considers the preamble and PUSCH transmission failed in this 2step RACH attempt, and it will go for another 2step RACH attempt;
· if a UE fails to detect a PDCCH with CRC scrambled by C-RNTI when C-RNTI is included in msgA, but UE detects a PDCCH with CRC scrambled by RA-RNTI and this PDCCH schedules a PDSCH, it will continue to detect/decode the PDSCH: 
· if the PDSCH includes no matched RAPID, UE considers the preamble and PUSCH failed in this 2step RACH attempt, and it will go for another 2step RACH attempt;
· if the PDSCH includes a matched RAPID but a unmatched contention resolution ID, UE considers the preamble is detected but its PUSCH fails but some other UE is succeed, so UE will go for another 2step RACH attempt;
· if the PDSCH includes a matched RAPID but without a valid contention resolution ID (e.g., preconfigured value), the UE considers the preamble is detected but the PUSCH fails and no one selected this preamble in this RO is succeed, so UE will follow the UL grant in the corresponding RAR and fallback to 4step RACH to send msg. 3 in this attempt. If UE still fails in the msg. 4, UE will go for another 2step RACH attempt;
· if a UE detects a PDCCH with CRC scrambled by RA-RNTI when C-RNTI is not included in msgA, and this PDCCH schedules a PDSCH, it will continue to detect/decode the PDSCH:
· if the PDSCH includes no matched RAPID, UE considers the preamble and PUSCH failed in this 2step RACH attempt, and it will go for another 2step RACH attempt;
· if the PDSCH includes a matched RAPID but a unmatched contention resolution ID, UE considers the preamble is detected but the its PUSCH fails but some other UE is succeed, so UE will go for another 2step RACH attempt;
· if the PDSCH includes a matched RAPID but without a valid contention resolution ID (e.g., preconfigured value), the UE considers the preamble is detected but the PUSCH fails and no one selected this preamble in this RO is succeed, so UE will follow the UL grant in the corresponding RAR and fallback to 4step RACH to send msg. 3 in this attempt. If UE still fails in the msg. 4, UE will go for another 2step RACH attempt;
· If the UE fails the 2step RACH more than a configured MAX number, UE should fall back to 4step RACH procedure completely.
The reason to allow UE to fall back to 4step RACH to transmit msg.3 in one 2step RACH attempt is that since the preamble sent by UE is detected (even though sometimes it’s still within a contention between several UEs selecting the same preamble and RO), it’s worth trying to allow the follow-up msg. 3 transmission to solve the contention resolution. Otherwise, the UE needs to face the contention on both preamble and PUSCH for msgA again. 
Proposal 7: Allowing UE to fall back to 4step RACH to transmit msg.3 in one 2step RACH attempt if the transmitted preamble is detected, PUSCH transmission fails and other UEs’ PUSCH also fails (i.e., no contention resolution ID).
Proposal 8: Fallback to 4step RACH procedure when 2step RACH failure exceeds a preconfigured value should be supported.
3 Conclusion
The proposals made in this contribution are summarized below:
Proposal 1: UE selects whether to initiate 2step RACH or 4step RACH based on pre-defined rule.
Proposal 2: The PREAMBLE_ Msg3 in NR Rel-15 could be applied to transmission power determination of PUSCH in msgA.
Proposal 3: a UCI carrying the MCS indication could be considered in the msgA PUSCH.
Proposal 4: UE should start monitoring msgB from gNB after a certain gap from the end of PUSCH transmission in msgA.
Proposal 5: Detecting a PDCCH with CRC scrambled by C-RNTI could be used for contention resolution in 2step RACH.
Proposal 6: Contention resolution ID could be contained in the msgB.
Proposal 7: Allowing UE to fall back to 4step RACH to transmit msg.3 in one 2step RACH attempt if the transmitted preamble is detected, PUSCH transmission fails and other UEs’ PUSCH also fails (i.e., no contention resolution ID).
Proposal 8: Fallback to 4step RACH procedure when 2step RACH failure exceeds a preconfigured value should be supported.
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