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Introduction
A work item on two step RACH for NR was approved [1]. One of objectives of this work item is to specify RACH procedure including fallback from 2-step RACH to 4-step RACH. In addition, to specify the contents of Msg.A and Msg.B is also the one of objectives. The design principle based on WID is as follows.
· Specify contention-based 2-step RACH procedure
· Specify msgA’s content: to include the equivalent contents of msg3 of 4-step RACH
· 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
· Specify the fall back procedure from 2-step RACH to 4-step RACH
In this document, we provide our view on 2-step RACH procedure.
Discussion
2-step RACH over view
The basic procedure of 4-step RACH and 2-step RACH are illustrated in Fig.1. In general, 2-step RACH procedure is expected to provide the benefits to reduce the latency and/or DL control overhead than 4-step RACH procedure by simplified a RACH procedure. In 2-step RACH, Msg.A includes both RACH preamble and PUSCH carrying the equivalent contents of Msg.3 of 4-step RACH. Msg.B includes the equivalent contents of both Msg.2 and Msg.4 of 4-step RACH, although Msg.4 includes RRC message or only MAC contention resolution is discussed below.
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(a) 4-step RACH procedure                                      (b) 2-step RACH procedure
Fig.1 RACH procedure

2-step RACH procedure
At the first step, UE transmits PRACH preamble and PUSCH in Msg.A. The data in Msg.A at least contains UE-ID in order to allow contention resolution in Msg.B. The UE-ID might be different for the different random access use cases [2], for example, S-TMSI for initial access from RRC_IDLE state and C-RNTI for RRC_CONNECTED state. These may be hashed to reduce the ID field sizes. In addition to UE-ID, the data in Msg.A may contain RRC message, buffer status report (BSR), and UP data.
Proposal 1: The data in Msg.A at least contains UE-ID. In addition, the data in Msg.A may contain RRC message, BSR, and UP data. 

For the contents of Msg.B and Msg.A retransmission procedure, depending on the action on preamble only detection, the following two designs are possibile. The two options are illustrated in Figs.1 and 2. 
- When both preamble and PUSCH are successful reception at gNB, gNB responses Msg.B contains “UE-ID” to the detected preamble for the purpose of contention resolution.
- When preamble only is successful detection,
- In option 1, Msg.B does not contain the field corresponding to the detected preamble.
- In option 2, Msg.B contains the field corresponding to the detected preamble. Msg.B also contains UL grant for Msg.A PUSCH retransmission.
[bookmark: _GoBack]- When neither preamble nor PUSCH are failure, Msg.B does not contain the field corresponding to the missed preamble. Note if Msg.B does not have any field to the preamble, gNB does not transmit Msg.B itself. 
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Fig.1: 2-step RACH procedure (Option 1)
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Fig.2: 2-step RACH procedure (Option 2)

After UE sends Msg.A, UE starts Msg.B reception window. If UE does not receive Msg.B during Msg.B reception window, then UE performs Msg.A retransmission (both RACH preamble and PUSCH). 
In Option 1, UE receives Msg.B only when both preamble and PUSCH are successfully received.  The contents of RAR in Msg.B may be simplified as it does not need to address preamble only successful case. On the other hand, even when preamble detection is successful, UE perform Msg.A retransmission, and therefore, unnecessary random access procedure resources would be used more than option B.
In Option 2, UE receives Msg.B when only preamble is detected at gNB or when both preamble and PUSCH are successfully received. When gNB only detects preamble, UE receives Msg.B which includes preamble ID and UL grant. In this case, UE performs retransmission of PUSCH in Msg.A., which can be seen as similar to Msg.3 of 4-step RACH procedure. The contents in RAR in Msg.B may vary depending on whether or not PUSCH decoding is successful. This option would save random access procedure resource. 
Observation 1: On 2-step RACH procedure, following two designs should be considered.
· Option 1: gNB responses Msg.B only when both preamble detection and PUSCH decoding are successful.
· Msg.B contains at least detected “UE-ID” and UL grant for retransmission of Msg.A PUSCH.
· Option 2: gNB responses Msg.B when only preamble detection is successful or when both preamble detection and PUSCH decoding are successful.
· Msg.B contains at least detected preamble ID and UL grant for retransmission of Msg.A PUSCH when only preamble is detected at gNB.
· Msg.B contains at least detected “UE-ID” when both preamble detection and PUSCH decoding are successful.

HARQ support for Msg.A
For Option B of 2-step RACH procedure, at least for RRC_CONNECTED state, HARQ combining between initial transmission of Msg.A and retransmission of Msg.A PUSCH could be considered. For Option 1 of 2-step RACH procedure, at least for RRC_CONNECTED state, when retransmission of Msg.A is known to gNB or when UE ID is not hashed, HARQ combining would be possible. In RRC_CONNECTED state, Msg.A can contain unique “UE-ID” like C-RNTI. If “UE-ID” is contained in UL-SCH data, HARQ combing between initial transmission of Msg.A and retransmission of Msg.A PUSCH is not possible because gNB cannot know the “UE-ID” before decoding PUSCH correctly and therefore cannot trigger the PUSCH retransmission to the UE. To allow HARQ combining, UCI in Msg.A needs to contain “UE-ID”. In this case, Msg.B is based on “UE-ID” like C-RNTI on UCI, it can be judged whether or not certain UE’s PUSCH part is correctly received. 
Observation 2: Inclusion of UCI in Msg.A is beneficial to support HARQ combining between initial transmission of Msg.A and retransmission of Msg.A PUSCH.

HARQ support for Msg.B
In 4-step RACH procedure, Msg.2 (RAR) is based on groupcast transmission which contains responses for one or multiple UE and no support of HARQ, while Msg.4 is based on dedicated transmission and HARQ is supported. For Msg.B of 2-step RACH procedure, whether Msg.B is designed as groupcast or dedicated and whether or not HARQ is supported should be studied. One of important consideration points would be whether Msg.B can contain dedicated part of RRC message in addition to RAR and “UE-ID”.  If Msg.B contains dedicated part of RRC message, which can be larger size, Msg.B may require HARQ for the efficiency of Msg.B transmission. Even in this case, Msg.B can be designed as either groupcast or dedicated but to design Msg.B as dedicated would make the design for supporting HARQ simpler because ACK/NACK transmission for groupcast would be new design area. If RRC message does not contain Msg.B, the size would not be so large. In this case Msg.B can be designed as groupcast similar to Msg.2 of 4-step RACH procedure which does not have HARQ.
Observation 3: If Msg.B can contain dedicated part of RRC message, HARQ might be required. In this case, to design Msg.B as dedicated would make design for supporting HARQ simpler.
Observation 4: If Msg.B does not contain dedicated part of RRC message, Msg.B can be designed as groupcast and does not need to have HARQ.

Conclusion
In this contribution, we discussed channel structure for 2-step RACH and made following proposals and observations.
Proposal 1: The data in Msg.A at least contains UE-ID. In addition, the data in Msg.A may contain RRC message, BSR, and UP data. 
Observation 1: On 2-step RACH procedure, following two designs should be considered.
· Option 1: gNB responses Msg.B only when both preamble detection and PUSCH decoding are successful.
· Msg.B contains at least detected “UE-ID” and UL grant for retransmission of Msg.A PUSCH.
· Option 2: gNB responses Msg.B when only preamble detection is successful or when both preamble detection and PUSCH decoding are successful.
· Msg.B contains at least detected preamble ID and UL grant for retransmission of Msg.A PUSCH when only preamble is detected at gNB.
· Msg.B contains at least detected “UE-ID” when both preamble detection and PUSCH decoding are successful.
Observation 2: Inclusion of UCI in Msg.A is beneficial to support HARQ combining between initial transmission of Msg.A and retransmission of Msg.A PUSCH.
Observation 3: If Msg.B can contain dedicated part of RRC message, HARQ might be required. In this case, to design Msg.B as dedicated would make design for supporting HARQ simpler.
Observation 4: If Msg.B does not contain dedicated part of RRC message, Msg.B can be designed as groupcast and does not need to have HARQ.
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