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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
The agreements made in previous RAN1 meeting are summarized in Appendix A. 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

Msg.A contents
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.
At least for RRC_CONNECTED state, HARQ combining between initial transmission of Msg.A and retransmission of Msg.A PUSCH should be considered as HARQ can improve the performance well. In RRC_CONNECTED state, Msg.A can contain unique “UE-ID” like C-RNTI. If “UE-ID” is contained in UL-SCH data and not contained in UCI, 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 instead of preamble resource identification. This indicates contention resolution (the same preamble is sent by the different UEs) was resolved and whether certain UE’s PUSCH part was correctly received.
Proposal 2: HARQ combining between initial transmission of Msg.A and retransmission of Msg.A PUSCH should be supported.
Observation 1: Inclusion of UCI which contains “UE-ID” in Msg.A is necessary to support HARQ combining between initial transmission of Msg.A and retransmission of Msg.A PUSCH.

Relation of PRACH resources between 2-step and 4-step RACH
For the backward compatibility reason, 4-step RACH would be always configured in the network. When 2-step RACH is used, the PRACH resources are also configured. In order to network identifies 2-step RACH procedure or 4-step RACH procedure, the mechanism for gNB distinguishing the RACH procedure types (2-step or 4-step) is necessary. In the previous meeting, three options were identified. In our view, as far as preamble can be differentiated between 2-step RACH and 4-step RACH, RACH occasion (RO) sharing should be possible. If RO sharing is allowed (i.e., Option 2), contention-based PRACH preamble for 2-step RACH can be configured among the remaining PRACH preambles in the configured RO for 4-step RACH. In this case, gNB can identify the types of RACH procedure. Whether RO is shared or not would be network decision depending on the traffic load. Then, to have restriction as separate RO between 2-step RACH and 4-step RACH (i.e., Option 1) would not be necessary. If the network wants to separate RO between 2-step RACH and 4-step RACH, it should be possible as the network operation. To have shared RO and shared preambles for 2-step RACH and 4-step RACH (i.e., Option 3) might also be possible but it requires gNB to always decode PUSCH even if UE trigger 4-step RACH with the associated preamble to the PUSCH. It will increase the gNB’s receiver complexity and false detection probability. Therefore, we don’t see the need to support it.
Proposal 3: For the relation of PRACH resources between 2-step and 4-step RACH, the combination of Option 1 and Option 2 should be supported.
· Option 1: Separate ROs are configured for 2-step and 4-step RACH
· Option 2: Shared RO but separate preambles for 2-step RACH and 4-step RACH

2-step RACH procedure and Msg.B contents
For the contents of Msg.B and 2-step RACH retransmission procedure, depending on the action on preamble only detection, the following two designs are possible. 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.
- 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, 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 2.
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.
Proposal 4: 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”.
· 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.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 2: 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 3: 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 similar to 4 step RACH case.

Fallback procedure
There would be several timings for fallback to legacy procedure (i.e., 4-step RACH).
- Timing 1: Initial transmission of Msg.A
- Timing 2: Retransmission of Msg.A after Msg.B reception
- Timing 3: Retransmission of Msg.A in case of no reception of Msg.B
For Timing 1, if network configures both 2-step RACH and 4-step RACH, the selection of RACH procedure types (2-step RACH or -4-step RACH) is necessary. One of possibility would be which use cases uses 2-step RACH or not is indicated by SIB or dedicated RRC. Another possibility would be based on channel condition or transmit power situation UE selects RACH procedure types.
In Timing 2, for Option 2 of 2-step RACH procedure, the situation is that only preamble detection is successful at gNB. At least as long as Msg.B contains UL grant for retransmission of Msg.A PUSCH, the UE behaviour is almost the same as Msg.3 transmission of 4-step RACH procedure. Therefore, such UE behaviour can be considered as fallback to 4-step RACH.
In Timing 3, for Option 1 of 2-step RACH procedure, the situation is that only preamble detection is successful or neither preamble nor PUSCH are failure at gNB. While for Option 2 of 2-step RACH procedure, the situation is that neither preamble nor PUSCH are failure at gNB. In this case, UE should retry the transmission of Msg.A with potentially power ramping. Fallback to 4-step RACH procedure could also be considered based on condition, for example, after the Msg.A transmission counter reaches the certain value or transmit power situation.
Observation 4: For 2-step RACH procedure, the fallback to 4-step RACH could take place in the following timings.
· Timing 1: Initial transmission of Msg.A
· Timing 2: Retransmission of Msg.A after Msg.B reception
· Timing 3: Retransmission of Msg.A in case of no reception of Msg.B
Proposal 5: The necessity of falback to 4-step RACH for each timing should be discussed. If fallback to 4-step RACH is supported, the detailed mechanism such as the condition for fallback needs further discussion.

Power control
In 4-step RACH procedure, the transmit power control for PRACH preamble is based on open loop power control and the transmission power for PRACH preamble is formulated as

where  is the configured UE transmission power,  is PRACH target reception power provided by higher layers, and  is pathloss based on the DL RS associated with the PRACH transmission. Transmission power for Msg.3 PUSCH is formulated as [3].

In above PUSCH power control formulation,  is calculated with TPC command value indicated in RAR UL grant.
For 2-step RACH procedure, Rel.15 NR power control formulation could be reused. For PUSCH power control, since UE needs to calculate transmission power for Msg.A PUSCH without RAR UL grant at least at least for initial transmission, the term related to TPC command in Msg.3 PUSCH power control formulation should be removed. The parameters for transmission power control should be configured independently between 2-step RACH and 4-step RACH. For example,  for fractional power control is used to reduce intercell interference by suppressing the power for cell edge in 4-step RACH. With a certain value of alpha, Msg.A PUSCH may not reach gNB with sufficient reception power because pathloss is not 100% compensated. In case of Msg.3 in 4-step RACH (or normal PUSCH), it is possible to adjust allocated RBs and HARQ is also available. On the other hand, in case of Msg.A in 2-step RACH, the number of RBs may be preconfigured and HARQ may not be available. Then, to set separate values of  or some other parameters such as target reception power might be better.
Observation 5: For transmit power control of 2-step RACH, Rel.15 NR power control formulation can be reused except that the term related to TPC command in Msg.3 PUSCH power control formulation should be removed.
Proposal 6: Parameters for transmit power control should be configured separately for 2-step RACH and 4-step RACH.

Conclusion
In this contribution, we discussed channel structure for 2-step RACH and made following proposals and observations.
Msg.A contents
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.
Proposal 2: HARQ combining between initial transmission of Msg.A and retransmission of Msg.A PUSCH should be supported.
Observation 1: Inclusion of UCI which contains “UE-ID” in Msg.A is necessary to support HARQ combining between initial transmission of Msg.A and retransmission of Msg.A PUSCH.

Relation of PRACH resources between 2-step and 4-step RACH
Proposal 3: For the relation of PRACH resources between 2-step and 4-step RACH, the combination of Option 1 and Option 2 should be supported.
· Option 1: Separate ROs are configured for 2-step and 4-step RACH
· Option 2: Shared RO but separate preambles for 2-step RACH and 4-step RACH

2-step RACH procedure and Msg.B contents
Proposal 4: 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”.
· 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.B
Observation 2: 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 3: 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 similar to 4 step RACH case.

Fallback procedure
Observation 4: For 2-step RACH procedure, the fallback to 4-step RACH could take place in the following timings.
· Timing 1: Initial transmission of Msg.A
· Timing 2: Retransmission of Msg.A after Msg.B reception
· Timing 3: Retransmission of Msg.A in case of no reception of Msg.B
Proposal 5: The necessity of falback to 4-step RACH for each timing should be discussed. If fallback to 4-step RACH is supported, the detailed mechanism such as the condition for fallback needs further discussion.

Power control
Observation 5: For transmit power control of 2-step RACH, Rel.15 NR power control formulation can be reused except that the term related to TPC command in Msg.3 PUSCH power control formulation should be removed.
Proposal 6: Parameters for transmit power control should be configured separately for 2-step RACH and 4-step RACH.
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Appendix A: Previous agreements
Agreements:
· For the relation of PRACH resources between 2-step and 4-step RACH, further study the following options (for possible down-selection or combination(s) of the options)
· Option 1: Separate ROs are configured for 2-step and 4-step RACH
· Option 2: Shared RO but separate preambles for 2-step RACH and 4-step RACH
· Option 3: Shared RO and shared preambles for 2-step RACH and 4-step RACH
Agreements:
· The beam association rule between SSB and RACH occasion of 4-step RACH is to be used for 2-step RACH.
· FFS beam association for PUSCH
Agreements:
· At least open loop power control for PUSCH transmission in MsgA should be supported
· FFS PC for preamble vs. PC for PUSCH
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