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1 Introduction
During the RAN1#98bis meeting, the following agreements requiring further down-selections were made for 2-step RACH procedures [1]:
Agreements:

For the PUCCH Resource index used for the HARQ-ACK feedback of a user that finds its contention resolution ID in the successRAR with a PDSCH scheduled by a PDCCH that has a CRC scrambled with the MsgB-RNTI, down-select the following alternatives:

· Alt1: PUCCH Resource Index is only signalled explicitly in the successRAR

· Number of bits used to indicate PUCCH resource index is [FFS 3 or 4] bits.

Alt2: PUCCH Resource Index is determined implicitly based on a reference PUCCH resource index derived from the DCI as in release 15 and UE-based implicit rule.

· FFS: Use 1-bit of reserved DAI instead of CCE start index.

· Alt3: PUCCH resource index is determined based on a reference PUCCH resource index derived from DCI as in release 15 and UE-based offset value indicated in the successRAR.

Agreements:

The PUCCH Time resource “PDSCH-to-HARQ_feedback timing indicator”, in unit of slot, used for the HARQ-ACK feedback of a user that finds its contention resolution ID in the successRAR with a PDSCH scheduled by a PDCCH that has a CRC scrambled with the MsgB-RNTI down-select from the following alternatives:

· Alt1: PDSCH-to-HARQ_feedback timing indicator is only signalled in the successRAR

· Number of bits used to indicate the PDSCH-to-HARQ_feedback timing indicator is 3 bits.

· Alt2: A single PDSCH-to-HARQ_feedback timing indicator is used as indicated in the MsgB DCI

· Alt3: The PDSCH-to-HARQ_feedback timing indicator is determined implicitly

· FFS: Implicit determination rule.

· Alt4: PDSCH-to-HARQ_feedback timing indicator is signalled by the DCI and UE-based offset value indicated in the successRAR.

Agreements:

For MsgA Tx beam selection in the same MsgA transmission instance:

· The MsgA PRACH and MsgA PUSCH use the same Tx spatial filter (beam).

In this document, we discuss remaining issues of 2-step RACH procedure, e.g. PUCCH resource determination for HARQ-ACK feedback for MsgB, MsgB transmission and support of HARQ combining, and power control aspects in 2-step RACH. 
2 HARQ-ACK feedback for MsgB

In 4-step random access procedures, it is less likely that all or a majority of UEs that transmitted PRACH preambles on a given PRACH occasion transmit HARQ-ACK feedback on a same slot in response to reception of its own Msg4 PDSCH, since each UE may go through a different number of retransmissions for Msg3 PUSCH and/or gNB can adjust transmission timing of Msg4 PDSCH (addressed to UE’s TC-RNTI) based on its scheduling decision. Thus, 16 PUCCH resources in a common (e.g. cell-specifically configured) PUCCH resource set may be enough to accommodate HARQ-ACK feedback from UEs performing 4-step random access procedures. However, in 2-step random access procedures, a group of UEs that transmitted PRACH preambles and corresponding MsgA PUSCHs on a given PRACH occasion and MsgA PUSCH occasion may receive successRARs in a same MsgB PDSCH and may have to provide HARQ-ACK feedback. Thus, it may be necessary to allow gNB to indicate different values for a PDSCH-to HARQ feedback timing indicator for different intended UEs of the MsgB PDSCH. 

UE may determine PDSCH-to-HARQ-ACK feedback timing for HARQ-ACK feedback in response to a successfully received successRAR in MsgB PDSCH, based on 1) information in a PDSCH-to-HARQ-ACK feedback timing indicator field of DCI scheduling the MsgB PDSCH and 2) PDSCH-to-HARQ-ACK feedback timing offset explicitly and/or implicitly indicated in a MAC subPDU intended to the UE. 
In order to provide full flexibility of PUCCH resource allocation for MsgB HARQ-ACK feedback, it is desired to explicitly signal a PUCCH Resource Index in the successRAR. 
Proposal 1: PDSCH-to-HARQ-ACK feedback timing for MsgB is determined based on a PDSCH-to-HARQ-ACK feedback timing indicator field in DCI and UE-specific timing offset indicated in successRAR. 
Proposal 2: PUCCH Resource Index is explicitly signalled in the successRAR
In an example shown in Figure 1, each MAC subPDU consists one of the following:

· a MAC subheader with Backoff Indicator (BI) only;

· a MAC subheader with Random Access Preamble Identifier (RAPID) and MAC fallbackRAR;

· a MAC subheader with PDSCH-to-HARQ-ACK feedback Timing Offset (PHFTO)/PUCCH Resource Indicator (PRI) and MAC successRAR

In a MAC subheader, ‘T1’ indicates a MAC subheader type, where ‘T1’ set to 0 indicates a MAC subheader with RAPID and ‘T1’ set to 1 indicates MAC subheader with BI only or MAC subheader with PHFTO/PRI. In addition, ‘T2’ also indicates a MAC subheader type, where ‘T2’ set to 0 indicates MAC subheader with BI only and ‘T2’ set to 1 indicates a MAC subheader with PHFTO/PRI. ‘E’ is an extension flag indicating if the MAC subPDU including this MAC subheader is the last MAC subPDU or not in the MAC PDU. The E field is set to 1 to indicate at least another MAC subPDU follows. The E field is set to 0 to indicate that the MAC subPDU including this MAC subheader is the last MAC subPDU in the MAC PDU. ‘R’ indicates a reserved bit, set to 0.  
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Figure 1. Examples of MAC subPDU for MsgB 
3 MsgB transmission within a MsgB window
gNB can enable or disable support of UE’s HARQ combining of MsgB PDSCH via higher-layer signaling, depending on deployment and/or usage scenarios (e.g. a cell size, expected average number of UEs performing 2-step random access procedures per MsgA occasion, a number of active UEs and PDCCH capacity). UE can interpret DCI field information of a DCI format which is used to schedule MsgB PDSCH differently depending on enabling/disabling of support of HARQ combining of MsgB PDSCH. 

In one example, HARQ combining of MsgB PDSCH may be disabled, if an average number of UEs performing 2-step random access procedures per MsgA occasion is high. With a large number of UEs performing 2-step random access procedures per MsgA occasion, the MsgB MAC PDU size is expected to be large. Thus, re-transmission of the same MsgB MAC PDU may not be efficient. Instead, gNB may re-transmit successRARs for which corresponding HARQ-ACK feedback are not successfully received.      

For example, the following information is transmitted by means of the DCI format 1_0 with CRC scrambled by MsgB-RNTI to schedule MsgB PDSCH:
-
Frequency domain resource assignment –
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-
Time domain resource assignment – 4 bits as defined in Subclause 5.1.2.1 of [TS38.214]

-
VRB-to-PRB mapping – 1 bit according to Table 7.3.1.2.2-5
-
Modulation and coding scheme – 5 bits as defined in Subclause 5.1.3 of [TS38.214], using Table 5.1.3.1-1
-
TB scaling – 2 bits as defined in Subclause 5.1.3.2 of [TS38.214]
-
PDSCH-to-HARQ_feedback timing indicator – 3 bits as defined in Subclause 9.2.3 of [TS38.213]
-
New data indicator – 1 bit if HARQ combining of MsgB PDSCH is supported in 3GPP Rel-16 NR and enabled. Otherwise, 0 bit.  
-
Redundancy version – 2 bits as defined in Table 7.3.1.1.1-2 if HARQ combining of MsgB PDSCH is supported in 3GPP Rel-16 NR and enabled. Otherwise, 0 bit.  
-
HARQ process number – 4 bits if HARQ combining of MsgB PDSCH is supported in 3GPP Rel-16 NR and enabled. Otherwise, 0 bit.  
-
Reserved bits – 6 bits if HARQ combining of MsgB PDSCH is supported in 3GPP Rel-16 NR and enabled. Otherwise, 13 bits. 

Proposal 3: gNB can enable or disable support of UE’s HARQ combining of MsgB PDSCH via higher-layer signaling.
4 Power control in 2-step RACH
In LTE and also NR Rel-15, the closed-loop power adjustment state is reset (for loop index l=0) upon receiving the RAR. Similarly, in 2-step RACH, the closed-loop power adjustment state (for loop index l=0) needs to be reset whenever MsgA is transmitted. 
Since MsgA PRACH and MsgA PUSCH are transmitted with the same number of times in a given 2-step RACH procedure and a UE used the same TX spatial filter for transmissions of MsgA PRACH and MsgA PUSCH, a same power ramping counter can be used for MsgA PRACH and MsgA PUSCH. 
Proposal 4: Reset the closed-loop power adjustment state (for loop index l=0), whenever MsgA is transmitted.
Proposal 5: The same power ramping counter is used for MsgA PUSCH and MsgA PRACH.
5 Conclusion
In summary, we propose the followings for 2-step RACH procedure:

Proposal 1: PDSCH-to-HARQ-ACK feedback timing for MsgB is determined based on a PDSCH-to-HARQ-ACK feedback timing indicator field in DCI and UE-specific timing offset indicated in successRAR. 

Proposal 2: PUCCH Resource Index is explicitly signalled in the successRAR.
Proposal 3: gNB can enable or disable support of UE’s HARQ combining of MsgB PDSCH via higher-layer signaling.
Proposal 4: Reset the closed-loop power adjustment state (for loop index l=0), whenever MsgA is transmitted.

Proposal 5: The same power ramping counter is used for MsgA PUSCH and MsgA PRACH.
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