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1 Introduction
The following agreements have been reached regarding 2-step RACH so far in RAN2 [1], [2], [3], [4]:

RAN2#102:

1:	Both CBRA and CFRA are supported. Changes for NR-U operation will be studied
2:	4-step and 2 step CBRA procedure will be studied in conjunction with RAN1 progress
3: 	We will review the agreements made during Rel-14 eLAA WI regarding the random access procedure to determine if they can be the solution for CFRA access for NR-U

RAN2-AH-1807:

Both 2-step RACH procedures and enhancements to 4-step RACH for reduced transmission opportunities should be studied.

RAN2#103:

RAN2 assumes that all Random access triggers in 38.300 9.2.6 may be applicable for 2-step CBRA.

RAN2#103bis:

1.	From RAN2 perspective, the first message in 2-step RACH is a signal to detect the UE and a payload while the second message is for contention resolution for CBRA with a possible payload.
2.	As a baseline, all the triggers for 4-step RACH are also applicable to 2-step RACH with the following caveats: 1-) SI request, BFR cases need further study. 2-) How timing advance and grants are obtained for first message should be taken into account.
3.	The first message for 2-step RACH will at least include the equivalent information which is transmitted in msg3 for 4-step RACH. RAN1 input will be needed for the payload size.
4.	CFRA for 2-step RACH is supported.
5.	Contention resolution in 2-step RACH will be done by including a UE identifier in the first message which is echoed in the second message. The type of UE identifier(s) is FFS.
6.	Fall-back from 2-step RACH to 4-step RACH is supported. Doing this after msgA will need support from physical layer perspective.
7.	Additional opportunities for RACH transmissions, e.g. in time or frequency domain, should be supported for 2-step RACH.
8.	Assuming 2-step RACH is used for initial access, the parameters for 2-step RACH and a grant for msgA will be broadcasted.


In this contribution, we study the HARQ and addressing aspects for msgB in the 2-step RACH procedure.
2 Discussion
2.1 Multiplexing and addressing for msgB
In legacy 4-step RACH, Msg2 is addressed to RA-RNTI, which is a function of the PRACH occasion. Msg2 may contain RAR and/or BI information for multiple UEs. Depending on the scenario, Msg4 is either addressed to TC-RNTI (assigned in Msg2) or C-RNTI (if the UE already had C-RNTI before the RA procedure was triggered) and is sent for a single UE.
After the UE transmits MsgA, a timer has to be started by the UE while it is waiting for MsgB from the network, similar to the ra-ResponseWindow for Msg2 in 4-step RACH. We propose to call this timer ra-MsgBWindow in 2-step RACH.
Proposal 1: The time window to monitor MsgB response in 2-step RACH procedure is called the ra-MsgBWindow.
For 2-step RACH, the following options can be discussed for msgB addressing:
1. msgB always contains information only for a single UE as Msg4 in 4-step RACH:
In this option msgB is always addressed to C-RNTI or another unique UE RNTI that the UE has included in msgA. For example, if C-RNTI was not available when the RA procedure was triggered, the UE could select a temporary UE RNTI (TU-RNTI) from a pool and include it in msgA. The probability of multiple UEs selecting the same TU-RNTI could be low by setting a large pool size. A separate msgB is transmitted for each UE, which can increase the number of messages transmitted by the network in the second step.

2. msgB may contain information for multiple UEs and addressed to RA-RNTI as Msg2 in 4-step RACH:
In this option msgB is always addressed to RA-RNTI as Msg2 in 4-step RACH. The number of messages transmitted by the network in the second step is reduced, however the size of msgB can become too large if many UEs are attempting the RA in the same PRACH occasion. It is possible to mitigate this effect by transmitting multiple msgB’s separately for a group of UEs, for example a first msgB can be sent for UE1 and UE2, whereas a second msgB can be sent for UE3 and UE4, and both msgB’s could be addressed to the same RA-RNTI. A UE can continue monitoring PDCCH for RA-RNTI as long as RA procedure is not completed with the ra-MsgBWindow.

3. msgB may contain information for a single UE or multiple UEs depending on the scenario:
In this option, msgB can be addressed to C-RNTI that the UE has included in msgA if it was available. If C-RNTI was not available, msgB is addressed to the RA-RNTI. It may still be possible to transmit multiple msgB’s addressed to the same RA-RNTI if the msgB size gets too large, as mentioned in option 2 above.. The network could have the flexibility to select whether to address the msgB response for UEs that already have the C-RNTI to either the C-RNTI or the RA-RNTI, for example in order to combine the response with those for other UEs that do not have C-RNTI. From UE implementation perspective, monitoring the PDCCH for both C-RNTI and RA-RNTI should be feasible and not very problematic.

Table 1 Comparison of msgB addressing options
	msgB addressed to single UE
	msgB addressed to multiple UEs

	More messages are transmitted by the network, increasing the LBT impact

msgB size is about the same as msg4 size in 4-step RACH

HARQ ACK can be supported for msgB
	msgB size can be much larger than msg4 in 4-step RACH

The number of messages and therefore the LBT impact is reduced

HARQ may not be supported for msgB




We think that Option 3 provides maximum flexibility to support various random access scenarios and therefore should be adopted by RAN2.

Some example scenarios with Option 3 are illustrated in Figure 1, Figure 2, and Figure 3 below.
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[bookmark: _Ref525733892]Figure 1 Example scenario when a unique UE RNTI (e.g. C-RNTI) was available before the RA procedure
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[bookmark: _Ref525733899]Figure 2 Example scenario when a unique UE RNTI (e.g. C-RNTI) was not available before the RA procedure
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[bookmark: _Ref525733929]Figure 3 Example scenario when msgB is sent for multiple UEs and is partitioned
Proposal 2: If C-RNTI was available when the RA procedure was triggered, msgB may be addressed to C-RNTI and contains information for a single UE. Otherwise, msgB is addressed to RA-RNTI and may contain information for multiple UEs.
Proposal 3: The network may transmit msgB in multiple MAC PDUs sharing the same RA-RNTI if the msgB size is too large to transmit in a single MAC PDU. A UE that has not successfully completed the RA procedure continues monitoring the PDCCH for RA-RNTI until the ra-MsgBWindow expires.
2.2 HARQ for msgB
In 4-step RACH, HARQ is not applicable to Msg2. This is because Msg2 may contain information for multiple UEs, and network may have difficulty evaluating different HARQ feedback from multiple UEs.  However, UE transmits HARQ ACK if the contention resolution is successful after Msg4.
For 2-step RACH, when msgB is addressed to C-RNTI or another unique UE RNTI (as in options 1 and 3 above), the UE can transmit HARQ ACK to indicate that the contention resolution has been successful.
When msgB is addressed to RA-RNTI and contains information for multiple UEs (as in options 2 and 3the HARQ ACK can also be used to indicate successful contention resolution. The feedback can be in the form of an explicit message (such as a new MAC CE or partial replay of Msg4 contents) transmitted by the UE.
We propose that, similar to Msg4 in 4-step RACH, HARQ should be supported to indicate successful contention resolution to the network. This is illustrated in Figure 4 below.
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[bookmark: _Ref525734553]Figure 4 Example scenario for HARQ feedback for msgB on successful contention resolution
Proposal 4:  As for Msg4 in legacy 4-step RACH, HARQ ACK for msgB is used to indicate successful contention resolution to the network.

3 Conclusion
We have the following proposals for msgB in 2-step RACH in this contribution:
Proposal 1: The time window to monitor MsgB response in 2-step RACH procedure is called the ra-MsgBWindow.
Proposal 2: If C-RNTI was available when the RA procedure was triggered, msgB may be addressed to C-RNTI and contains information for a single UE. Otherwise, msgB is addressed to RA-RNTI and may contain information for multiple UEs.
Proposal 3: The network may transmit msgB in multiple MAC PDUs sharing the same RA-RNTI if the msgB size is too large to transmit in a single MAC PDU. A UE that has not successfully completed the RA procedure continues monitoring the PDCCH for RA-RNTI until the ra-MsgBWindow expires.
Proposal 4:  As for Msg4 in legacy 4-step RACH, HARQ ACK for msgB is used to indicate successful contention resolution to the network.
Based on the above proposals, we have included in Annex below a text proposal for TR 38.889.
Proposal 5: Agree to the text proposal in Annex for TR 38.889.
4 Annex - Text Proposal for TR 38.889 v0.2.0
[bookmark: _Toc528161182]7.2.2.2.1	RACH (4-step, 2-step)
/// Unmodified text not included
/// Start of proposed changes
The time window to monitor msgB(s) is called the ra-MsgBWindow.
In 2-step RACH, if a UE RNTI is included in msgA, msgB can be addressed to the indicated UE RNTI, otherwise msgB is addressed to RA-RNTI. The UE monitors the PDCCH for responses identified by the UE RNTI or RA-RNTI until the expiry of ra-MsgBWindow or successful contention resolution. On successful contention resolution, the UE transmits a HARQ acknowledgement for msgB.
/// End of proposed changes
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