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Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]2-step RACH WID was approved in RAN#82. Below objectives should be considered when discussing 2-step RACH procedure:
· Specify contention-based 2-step RACH procedure (RAN2);
· Contention resolution for 2-step RACH (RAN2)
· Specify the fall back procedure from 2-step RACH to 4-step RACH (RAN2/RAN1).
In this contribution, we try to get the complete procedure of 2-step RACH.
Discussion
[bookmark: OLE_LINK13][bookmark: OLE_LINK12]According to the conclusion in NR-U SID, the basic 2-step RACH is shown in Figure 1. The first step msgA consists of preamble transmission on PRACH and UL transmission on PUSCH, and the second step msgB is responsible for RA response and contention resolution.


[bookmark: _Ref3817569]Figure 1 Basic 2-step RACH
1) msgA transmission
When RA procedure is triggered, UE should select suitable SSB for preamble transmission according to rsrp-ThresholdSSB. If no suitable SSB is selected, UE should select any SSB for preamble transmission. For 2-step RACH, if no suitable SSB is selected, it is very likely that the PUSCH in msgA can’t be decoded. In turn, if a suitable SSB is selected, UE could transmit PUSCH with certain confidence because gNB should consider the reliability of both preamble and PUSCH when configuring 2-step RACH parameters.
[bookmark: _Ref7200769]Proposal 1: When no suitable SSB is selected for preamble transmission, UE should not perform 2-step RACH. No other radio quality criterion for PUSCH transmission is needed.

In last RAN1 meeting, RAN1 reached below agreements.
	Working assumption:
· At least support one-to-one and multiple-to-one mapping between preambles in each RO and associated PUSCH resource unit.
· Configurable number of preambles (including one or multiple) mapped to one PUSCH resource units



When gNB supports multiple-to-one mapping between preambles in each RO and associated PUSCH, gNB should control the load of 2-step RACH. If 2 or more UEs select same RO with different preambles, and the preambles are associated to one PUSCH, gNB can receive the preambles correctly but will unlikely decode PUSCH at all. Therefore, to increase the success probability of msgA, a RACH overload factor can be introduced.
The usage of RACH overload factor is similar to AC mechanism but simpler. gNB can evaluate the RACH load and broadcast a RACH overload factor between 0 and 1. Lower value of RACH overload factor corresponds to higher load and vice versa. When a UE triggers RA procedure, it should calculate a random number 'rand' uniformly distributed in the range (0~1). If 'rand' is lower than the RACH overload factor, UE can perform 2-step RACH. This solution mainly aims for securing PUSCH transmission.
[bookmark: _Ref7200774]Proposal 2: Introduce a RACH overload factor broadcasted by gNB to control the collision of PUSCH.

2) fall back to 4-step RACH
When gNB only receives the preamble, there are 2 options:
· Option 1: UE always tries 2-step RACH until it reaches the maximum number of attempts;
· Option 2: UE monitors both Msg2 and msgB. If Msg2 is received, UE falls back to 4-step RACH.
The reason for option 1 is that 2-step RACH is faster than 4-step RACH even when experiencing multiple attempts.
However, as discussed above, UE should judge if 2-step RACH can be used at every RACH attempt. From this aspect, it is neither guaranteed nor desired to perform 2-step RACH on every RACH attempt. Hence option 1 would contradict proposal 1 and is therefore not preferred.
[bookmark: _Ref7530010]Proposal 3: UE should fall back to 4-step RACH when Msg2 including MAC RAR for the UE is received after msgA transmission.

3) Contention resolution
When both preamble and PUSCH transmission are decoded by gNB, 2-step RACH is continued. The question is how to resolve the contention among UEs in idle, inactive and connected mode.
For idle/inactive UEs, the following agreement was achieved in RAN2#105bis as part of the agreements on the 2-step RACH procedure:
	If CCCH SDU was included in MsgA, then the contention resolution will be based on the contention resolution ID included in MsgB.  FFS for other conditions


Hence, for idle/inactive UEs, MAC RAR containing UE identity such as the content of CCCH SDU in msgA is straight forward for contention resolution. We further discuss the contents of this msgB RAR in [3].
For connected UEs, there are two alternatives for contention resolution.
Alt 1: MAC RAR containing UE identity (i.e. C-RNTI) for contention resolution
In this way, MAC RAR PDU can be used for UEs in all RRC states although MAC RAR should include different UE identities for UEs in different RRC states.
Connected UEs initiate CBRA procedure due to the use cases of handover, BFR, DL data arrival and UL data arrival.
In any case, UE anticipates time alignment with gNB after RA procedure. It is stated “2-step RACH shall be able to operate regardless of whether the UE has valid TA or not” in the WID scope. So we cannot assume UE is time-synchronized with gNB when PUSCH in msgA was decoded. Hence gNB should send TAC to UE during RA procedure.
Another necessary field is the UL grant. UE initiating RA procedure due to UL data arrival needs UL grant for UL transmission after contention resolution. Since gNB cannot distinguish use cases for connected UEs, it should always provide an UL grant in RA response for a connected UE.
Hence, for connected UEs, the contents of msgB include: TAC, UL grant and C-RNTI. The size of RAR for connected UEs is 7 bytes. The same RAR format as Msg2 RAR could be used.

As we discuss in [3], the size of msgB RAR for idle/inactive UEs is 10 bytes. If there are two kinds of RARs (Idle/Inactive vs. Connected) for contention resolution with different sizes (10 bytes vs. 7 bytes), it is difficult to multiplex contention resolution RARs for different UEs into one MAC PDU. One fixed sized msgB RAR for contention resolution is preferred. 
Observation 1: If MAC RAR is used to indicate contention resolution for connected UEs, it is difficult to multiplex contention resolution RARs for UEs in different states into one MAC PDU 

Alt2: PDCCH with C-RNTI for contention resolution
Alt2 is consistent with the contention resolution for connected UEs in NR Rel-15 and LTE. To get UL time alignment, a TAC MAC CE should be transmitted after the PDCCH with C-RNTI.
Both alt1 and alt2 can work. However, from observation 1, considering the design of MAC PDU structure, alt 1 is preferred.
[bookmark: _Ref7525580]Proposal 4: PDCCH with C-RNTI should be used to indicate contention resolution for connected UE.

According to above discussion, the complete 2-step RACH procedure is shown in Figure 2.


[bookmark: _Ref3827286]Figure 2  The general procedure for 2-step RACH
Conclusion
This contribution discusses 2-step RACH procedure and provides below proposals.
Proposal 1: When no suitable SSB is selected for preamble transmission, UE should not perform 2-step RACH. No other radio quality criterion for PUSCH transmission is needed.
Proposal 2: Introduce a RACH overload factor broadcasted by gNB to control the collision of PUSCH.
Proposal 3: UE should fall back to 4-step RACH when Msg2 including MAC RAR for the UE is received after msgA transmission.
Proposal 4: PDCCH with C-RNTI should be used to indicate contention resolution for connected UE.
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