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Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]2-step RACH WID was approved in RAN#82. From RAN2 aspect, below open issues should be discussed according to the WID.
· Specify contention-based 2-step RACH procedure (RAN2);
· Specify msgA’s content: to include the equivalent contents of msg3 of 4-step RACH (RAN2/RAN1);
· 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).
In this contribution, we try to get the complete procedure of 2-step RACH and identify the related open issues.
Discussion
2-step RACH procedure
[bookmark: OLE_LINK12][bookmark: OLE_LINK13]Specifying 2-step RACH procedure aims at solving below objectives in WID in general.
· 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).

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
· Step 1: msgA transmission
Based on the structure of msgA, preamble can be decoded separately even if PUSCH transmission is missed, in which case UE should fall back to 4-step RACH.
The relationship between PRACH and PUSCH within msgA, and the resource classification for 2-step RACH and 4-step RACH have been discussed in RAN1 since last meeting. Because 2-step RACH is applied for RRC_INACTIVE, RRC_CONNECTED and RRC_IDLE state, the parameters of msgA could be included in both system information and RRC dedicated signaling.
[bookmark: _Toc4427902][bookmark: _Ref4595674]Proposal 1: The msgA configuration can be included in both system information and RRC dedicated signaling.

· Case 1: fall back to 4-step RACH
When UE falls back to 4-step RACH, that is, only preamble in PRACH is decoded, normal procedure of 4-step RACH can be used. No optimization is foreseen.
[bookmark: _Toc4427903][bookmark: _Ref4595678]Proposal 2: The 4-step RACH procedure of NR Rel-15 is used when 2-step RACH falls back to 4-step RACH.

· Case 2: 2-step RACH
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 RRC_INACTIVE, RRC_CONNECTED and RRC_IDLE state.
For UEs in RRC_INACTIVE and RRC_IDLE state, MAC RAR containing UE identity such as the content of CCCH SDU in msgA is straight forward for contention resolution. The details of MAC RAR design can be studied further.
For UEs in RRC_CONNECTED state, 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 state.
UEs in RRC_CONNECTED state 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 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. In alt1, MAC RAR should include TAC as NR Rel-15, so no extra time alignment procedure is needed.

Alt2: PDCCH with C-RNTI for contention resolution
Alt2 is consistent to 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.
Any alternative works for contention resolution, we can down-select between Alt 1 and Alt 2 after further analysis.
[bookmark: _Toc4427904][bookmark: _Ref4595683]Proposal 3: For UEs in RRC_INACTIVE and RRC_IDLE state, MAC RAR containing UE identity such as the content of CCCH SDU in msgA should be used for contention resolution.
[bookmark: _Toc4427905][bookmark: _Ref4595692]Proposal 4: For UEs in RRC_CONNECTED state, RAN2 should select a contention resolution mechanism between the two alternatives:
· Alt1: MAC RAR containing UE identity (i.e. C-RNTI) for contention resolution;
· Alt2: PDCCH with C-RNTI for contention resolution.

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
[bookmark: _Toc4427906][bookmark: _Ref4595697]Proposal 5: Adopt the 2-step RACH procedure in Figure 2 as baseline for further discussion.

Details in 2-step RACH
The WID addresses the below objectives for 2-step RACH.
· Specify msgA’s content: to include the equivalent contents of msg3 of 4-step RACH (RAN2/RAN1);
· Specify msgB’s content: to include the equivalent contents of msg2 and msg4 of 4-step RACH (RAN1/RAN2);
· Design of RNTI for msgB of 2-step RACH (RAN2)

In addition to these three objectives, we also need to refine a RACH re-attempt mechanism and retransmission of PUSCH in msgA.
In this section, we discuss the open issues one by one.
Open issue 1: content of msgA
The msgA includes two parts: PRACH and PUSCH. For the former, it seems straightforward that a preamble should be sent on PRACH as Msg1 of 4-step RACH. The main issue to discuss is the content in PUSCH part.
Since the content of msgA should include the equivalent contents of Msg3 of 4-step RACH, we can deduce the content based on the contents of Msg3 and all use cases need to be considered
· UE identity:
· For UEs in RRC_INACTIVE and RRC_IDLE, CCCH SDU should be transmitted in the PUSCH of msgA;
· For UEs in RRC_CONNECTED, C-RNTI MAC CE should be sent.
· [bookmark: OLE_LINK3][bookmark: OLE_LINK4]BSR and/or PHR: In 4-step RACH, BSR and PHR are not excluded in Msg3 transmission. So BSR and PHR can be included in PUSCH of msgA as well.
· UL data: For fast transmission, UL data could be included in PUSCH transmission. Accordingly, preamble group A/B should be reused and different sizes of PUSCH resource should be associated to different preamble group.
[bookmark: _Toc4427907][bookmark: _Ref4595703][bookmark: _GoBack]Proposal 6: The content of msgA includes: UE identity, that is, CCCH SDU for UEs in RRC_INACTIVE and RRC_IDLE, and C-RNTI MAC CE for UEs in RRC_CONNECTED. 
[bookmark: _Toc4427908][bookmark: _Ref4595775]Proposal 7: BSR, PHR and UL data could also be included in PUSCH of msgA.

Open issue 2: content of msgB
The content of msgB is used for contention resolution.
For UEs in RRC_INACTIVE and RRC_IDLE, the content of Msg2 and Msg4 of 4-step RACH are all useful. Hence the content of msgB should include at least: RAPID, TAC, TC-RNTI, UL grant and CCCH MAC CE.
For UEs in RRC-CONNECTED, we need to decide how to perform contention resolution first based on the analysis in section 2.1.
[bookmark: _Toc4427909][bookmark: _Ref4595779]Proposal 8: For UEs in RRC_INACTIVE and RRC_IDLE, the content of msgB should include at least: RAPID, TAC, TC-RNTI, UL grant and CCCH MAC CE. For UEs in RRC-CONNECTED, we need to decide how to perform contention resolution first.

Open issue 3: RA-RNTI and RAR window
RA-RNTI is calculated according to the parameters of PRACH resource. Same PRACH and preamble design should be used for 2-step and 4-step RACH, hence the formula of RA-RNTI in NR Rel-15 can be reused.
There are two options for the start point of RAR window (i.e. msgB window):
Option 1: UE starts to monitor RAR after preamble transmission immediately as NR Rel-15;
Option 2: UE starts to monitor RAR after PUSCH transmission or some time interval after PUSCH transmission.
Fallback to 4-step RACH is allowed and gNB may not wait to receive PUSCH of msgA due to some reason, for example, gNB estimated a large UL time difference via preamble and deduced it is possible to decode the PUSCH correctly because of ISI. Hence we prefer option 1.
[bookmark: _Toc4427910][bookmark: _Ref4595784]Proposal 9: RA-RNTI formula in NR Rel-15 should be reused for msgB reception and RAR window should start immediately after preamble transmission.

Open issue 4: retransmission of PUSCH in msgA
PUSCH in msgA includes important information. Retransmission of the content in PUSCH should be supported. However, HARQ transmission is not a feasible way because it is very possible that the UL grant size for Msg3 and that for PUSCH in msgA are different. To retransmit the content of PUSCH correctly, MAC PDU rebuilding as in NR Rel-15 could be considered.
[bookmark: _Toc4427911][bookmark: _Ref4595787]Proposal 10: The content of PUSCH in msgA could be retransmitted in Msg3 if UE falls back to 4-step RACH and MAC PDU rebuilding can be applied.

Open issue 5: RACH re-attempt
Even if UE falls back to 4-step RACH, RACH attempt failure could happen. Then we have two options for RACH re-attempts.
Option 1: When UE starts RACH retry, it selects PRACH/preamble and PUSCH resource for msgA at first and performs 2-step RACH. Fallback to 4-step RACH is possible.
In this option, each RACH attempt is an independent event. UE adopts the same RACH procedure for each RACH attempt.
Option 2: When UE starts RACH retry, it can only select PRACH/preamble for msg1 and performs 4-step RACH.
In this option, it is assumed that the UE experienced RACH failure may has less success probability of 2-step RACH. To avoid the resource waste of PUSCH in msgA, UE performs 4-step RACH only for RACH re-attempt.
RACH attempt failure may be incurred by many reasons such as bad channel condition for PUSCH transmission, RACH resource overloaded and high collision probability, but it is still can be triggered by RACH random collision even if the channel condition is good and RACH overload is light. Considering 2-step RACH has the benefit of low latency and less resource usage if it can be succeeded. We slightly prefer option 1.
[bookmark: _Toc4427912][bookmark: _Ref4595792]Proposal 11: Each RACH attempt and re-attempt can be started from 2-step RACH.

Conclusion
This contribution discusses the procedure and details of 2-step RACH and provides below proposals:
2-step RACH procedure:
Proposal 1: The msgA configuration can be included in both system information and RRC dedicated signaling.
Proposal 2: The 4-step RACH procedure of NR Rel-15 is used when 2-step RACH falls back to 4-step RACH.
Proposal 3: For UEs in RRC_INACTIVE and RRC_IDLE state, MAC RAR containing UE identity such as the content of CCCH SDU in msgA should be used for contention resolution.
Proposal 4: For UEs in RRC_CONNECTED state, RAN2 should select a contention resolution mechanism between the two alternatives:
· Alt1: MAC RAR containing UE identity (i.e. C-RNTI) for contention resolution;
· Alt2: PDCCH with C-RNTI for contention resolution.
Proposal 5: Adopt the 2-step RACH procedure in Figure 2 as baseline for further discussion.
Proposal 6: The content of msgA include: UE identity, that is, CCCH SDU for UEs in RRC_INACTIVE and RRC_IDLE, and C-RNTI MAC CE for UEs in RRC_CONNECTED.

Details in 2-step RACH:
Open issue 1: content of msgA
Proposal 7: BSR, PHR and UL data could also be included in PUSCH of msgA.

Open issue 2: content of msgB
Proposal 8: For UEs in RRC_INACTIVE and RRC_IDLE, the content of msgB should include at least: RAPID, TAC, TC-RNTI, UL grant and CCCH MAC CE. For UEs in RRC-CONNECTED, we need to decide how to perform contention resolution first.

Open issue 3: RA-RNTI and RAR window
Proposal 9: RA-RNTI formula in NR Rel-15 should be reused for msgB reception and RAR window should start immediately after preamble transmission.

Open issue 4: retransmission of PUSCH in msgA
Proposal 10: The content of PUSCH in msgA could be retransmitted in Msg3 if UE falls back to 4-step RACH and MAC PDU rebuilding can be applied.

Open issue 5: RACH re-attempt
Proposal 11: Each RACH attempt and re-attempt can be started from 2-step RACH.
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