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1 Introduction
The 2 step RACH [1] refers to the procedure which can complete contention-based RACH (CBRA) in two steps. It comprises of 2 messages i.e. msgA and msgB as shown in Figure 1. The channel structure [2] of msgA includes PRACH Preamble and PUSCH carrying payload. PRACH Preamble and PUSCH in a msgA is TDMed.
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Figure 1
The work item [2] aims to specify 2-step RACH as general MAC procedure covering both physical layer and higher layer aspects. The objective is to specify only Contention based RACH procedures for 2-step RACH. In this contribution we discuss msgA aspects of 2 step contention based RACH.
2 Discussion
2.1 SSB Selection for MsgA

In 4 step CBRA, UE first selects a suitable SSB where an SSB is suitable if SS-RSRP of that SSB is above rsrp-ThresholdSSB. Selection of a suitable SSB amongst multiple suitable SSBs is up to UE implementation. If a suitable SSB is not available, UE can select any SSB. Random Access Preamble and PRACH occasion are then selected corresponding to the selected SSB. GNB identifies the SSB from the received Msg1 and then transmits Msg2 in the direction of identified SSB.
In 2 step RACH, gNB needs to transmit msgB upon receiving msgA. In order to enable gNB to avoid transmission of msgB in directions of all SSBs, SSB should be selected in same manner as selected for Msg1 and informed to gNB via msgA.
In case gNB is able to receive PRACH preamble part of msgA but fails to receive msgA payload, it can still transmit msgB including information to fallback to 4 step RACH. So, gNB should be able to determine the SSB information from PRACH preamble part of msgA instead of msgA payload. To enable this PRACH preambles and PRACH occasions in 2 step RACH can be mapped to SSBs as in 4 step RACH.
Proposal 1: In 2 step RACH, SSB is selected in same manner as in 4 step RACH.
Proposal 2: In 2 step RACH, PRACH preambles and PRACH occasions are mapped to SSBs as in 4 step RACH.
2.1.1 Preamble Group Selection for MsgA

RACH configuration for 4 step CBRA includes Random Access Preambles group A. Random Access Preambles group B can be additionally configured. If Random Access Preambles group B is configured, UE selects Random Access Preambles group A or group B based on Msg3 size or based on Msg3 size and path loss. gNB upon receiving Msg1 identifies whether the received Random Access Preamble belongs to Random Access Preambles group A or group B and accordingly allocates appropriate size of UL grant for Msg3. If Random Access Preambles group B is not configured, UE selects Random Access Preambles group A.
For 2 step RACH, equivalent contents of Msg3 are included in msgA. So one can argue that multiple Random Access Preamble groups are not needed for 2 step RACH. However, in case gNB is able to receive PRACH preamble part of msgA but fails to receive msgA payload, it can transmit msgB including UL grant for Msg3 transmission. Random Access Preamble group selection is useful for configuring UL grant for Msg3. So, we propose to support Random Access Preamble group selection in 2 step RACH.
Proposal 3: In 2 step RACH, UE performs Random Access Preamble group selection as in 4 step RACH. 

2.1.2 Random Access Preamble Selection for MsgA

In 4 step CBRA, Random Access Preambles in each Random Access Preamble group are mapped to SSBs. UE selects randomly with equal probability from the Random Access Preambles associated with the selected SSB and the selected Random Access Preambles group. 

For 2 step RACH, as discussed in 2.1.3 and 2.1.4, Random Access Preamble group selection is needed and SSB is selected in same manner as selected for Msg1. PRACH preambles and PRACH occasions in 2 step RACH are mapped to SSBs as in 4 step RACH.
So, we propose that UE selects randomly with equal probability from the Random Access Preambles associated with the selected SSB and the selected Random Access Preambles group. It is to be noted that each Random Access Preamble may be associated with one or multiple or all SSBs as in 4 step RACH.
Proposal 4: In 2 step RACH, UE selects randomly with equal probability from the Random Access Preambles associated with the selected SSB and the selected Random Access Preambles group. 
2.1.3 RACH Occasion Selection for MsgA
As discussed in 2.1.3, for 2 step RACH, UE selects SSB and informs gNB about the selected SSB via PRACH preamble part of msgA. To enable this PRACH occasions in 2 step RACH are mapped to SSBs as in 4 step RACH. 
So, we propose that UE selects the next available PRACH occasion from the PRACH occasions corresponding to the selected SSB. If there are several consecutive PRACH occasions corresponding to selected SSB, UE selects a PRACH occasion randomly with equal probability amongst these PRACH occasions.
Proposal 5:  In 2 step RACH, UE selects the next available PRACH occasion from the PRACH occasions corresponding to the selected SSB.
2.1.4 PUSCH Resource Selection for MsgA
MsgA includes PRACH preamble and PUSCH carrying payload. So, in addition to selecting Random Access Preamble and PRACH occasion, UE also needs to select PUSCH resource. In order to select PUSCH resource, a set of PUSCH resources needs to configured in 2 step RACH configuration. 
There can be one or more PUSCH resource pools depending on supported msgA payload size(s). A single PUSCH resource pool can be configured where each PUSCH resource can accommodate largest msgA payload size. Alternately, multiple PUSCH resource pools can be configured where PUSCH resources in different pool can accommodate different msgA payload size. UE can select the PUSCH resource from appropriate resource pool. 
According to WID[2], the mapping between Random Access Resource (i.e. Random Access Preamble and/or PRACH occasion) and PUSCH resource will be defined by RAN1. So, PUSCH Resource Selection can be discussed after the mapping between Random Access Resource (i.e. Random Access Preamble and/or PRACH occasion) and PUSCH resource is defined by RAN1.
Proposal 6: PUSCH Resource Selection can be discussed after the mapping between Random Access Resource (i.e. Random Access Preamble and/or PRACH occasion) and PUSCH resource is defined by RAN1.
2.1.5 MsgA Payload Contents
MsgA includes PRACH preamble and PUSCH carrying payload. During the NR-U study item [1], it was agreed that:

· msgA will at least include the equivalent information which is transmitted in msg3 for 4-step RACH. 

· The contention resolution in 2-step RACH is performed by including a UE identifier in the msgA which is echoed in the msgB. The type of UE identifier(s) is FFS.
During the 4 step CBRA, Msg3 contents (see Table 1) depends on RRC state and Random Access trigger. In RRC IDLE, RRC INACTIVE and during RRC CONNECTION RE-ESTABLISHMENT, CCCH SDU is transmitted in Msg3. In RRC CONNECTED state, C-RNTI is always transmitted in Msg3. Depending on availability of space in Msg3 MAC PDU, BSR/PHR/Data from logical channel(s) can also be included according to logical channel prioritisation rule. 
Table 1

	RRC State
	Msg3 Contents
	

	RRC IDLE, 
RRC INACTIVE, 

RRC CONNECTED (RRC CONNECTION RESTABLISHMENT Case)
	CCCH SDU
(48 bits)
	RRC Setup Request: 

ue-Identity (39 bits): ng-5G-S-TMSI-Part1 or random value; establishmentCause (4 bits); spare (1 bit)

	
	
	RRC Re-establishment: 

 ue-Identity (42 bits): C-RNTI, PHY Cell ID, Short MAC I; reestablishmentCause (2 bits); spare (1 bit)

	
	
	RRC Resume Request:

resumeIdentity (24 bits); resumeMAC-I (16 bits); resumeCause (4 bits); spare (1 bit)

	
	CCCH SDU
(64 bits)
	RRC Resume Request 1:

resumeIdentity (40 bits); resumeMAC-I (16 bits); resumeCause (4 bits); spare (1 bit)

	RRC CONNECTED
	C-RNTI
+ BSR (optional)

+ PHR (optional)

+ data from logical channel (s) (optional)
	Pending BSR/PHR/Data may be included if space is available


One can argue that since UE identity is needed for contention resolution it may be sufficient to include only UE identity from Msg3 contents in msgA payload. In RRC IDLE, RRC INACTIVE and during RRC CONNECTION RE-ESTABLISHMENT, if only UE identity from Msg3 content (i.e. CCCH SDU) is included in msgA payload then the other contents of CCCH SDU needs to be transmitted by UE in a subsequent message after receiving msgB. This will increase the overall access latency. RRC CCCH message formats also needs to be modified. Compared to UE identity overhead of other information in CCCH SDU is also not significant. So we propose that in RRC IDLE, RRC INACTIVE and during RRC CONNECTION RE-ESTABLISHMENT, CCCH SDU is transmitted in msgA payload. In RRC CONNECTED state, atleast C-RNTI is transmitted in msgA payload. BSR/PHR/Data from logical channel(s) can be included according to logical channel prioritisation.
Proposal 7: In RRC IDLE, RRC INACTIVE and during RRC CONNECTION RE-ESTABLISHMENT, msgA payload includes CCCH SDU.
Proposal 8: In RRC CONNECTED, atleast C-RNTI is transmitted in msgA payload. Other information (e.g. BSR, PHR, etc.) can be included according to logical channel prioritisation.
2.1.6 MsgA Payload Format

UE can generate MAC PDU including MsgA payload. UL SCH MAC PDU format can be re-used to transmit msgA payload. The overhead of UL SCH MAC PDU is minimal as only one byte MAC subheader is added to MAC SDU carrying CCCH SDU and to MAC CE carrying C-RNTI. UL SCH MAC PDU format is also flexible to multiplex other information such as pending BSR, PHR etc. which can be included in msgA payload. So, we propose that UL SCH MAC PDU format is used for MsgA payload.

Proposal 9: UL SCH MAC PDU format is used for MsgA payload.

2.1.7 Measurement Gap Handling for MsgA

MsgA includes PRACH preamble and PUSCH carrying payload. In 4 step-RA PRACH preamble transmission is not subject to measurement gap. It is transmitted irrespective of whether there is a measurement gap during the PRACH occasion or not. The UE may take into account the possible occurrence of measurement gaps when determining the next available PRACH occasion corresponding to the selected SSB. The same approach can be followed for PRACH preamble transmission in msgA.
Proposal 10: PRACH preamble in msgA is transmitted regardless of occurrence of measurement gap.
In NR, PUSCH transmission (except Msg3) is subject to measurement gap. During a measurement gap, the UE shall, on the Serving Cell(s) in the corresponding frequency range of the measurement gap configured by measGapConfig, does not transmit on UL-SCH except for Msg3. Random Access has higher priority over measurements. So the msgA payload transmission on UL-SCH should not be subject to measurement gap.
Proposal 11: MsgA payload is transmitted on UL-SCH regardless of occurrence of measurement gap.
3 Conclusion

Based on the above, RAN2 is requested to discuss and agree on the following proposals for 2 step RACH:
Proposal 1: In 2 step RACH, SSB is selected in same manner as in 4 step RACH.
Proposal 2: In 2 step RACH, PRACH preambles and PRACH occasions are mapped to SSBs as in 4 step RACH.
Proposal 3: In 2 step RACH, UE performs Random Access Preamble group selection as in 4 step RACH. 

Proposal 4: In 2 step RACH, UE selects randomly with equal probability from the Random Access Preambles associated with the selected SSB and the selected Random Access Preambles group. 
Proposal 5:  In 2 step RACH, UE selects the next available PRACH occasion from the PRACH occasions corresponding to the selected SSB.
Proposal 6: PUSCH Resource Selection can be discussed after the mapping between Random Access Resource (i.e. Random Access Preamble and/or PRACH occasion) and PUSCH resource is defined by RAN1.
Proposal 7: In RRC IDLE, RRC INACTIVE and during RRC CONNECTION RE-ESTABLISHMENT, msgA payload includes CCCH SDU.
Proposal 8: In RRC CONNECTED, atleast C-RNTI is transmitted in msgA payload. Other information (e.g. BSR, PHR, etc.) can be included according to logical channel prioritisation.
Proposal 9: UL SCH MAC PDU format is used for msgA payload.

Proposal 10: PRACH preamble in msgA is transmitted regardless of occurrence of measurement gap.
Proposal 11: MsgA payload is transmitted on UL-SCH regardless of occurrence of measurement gap.
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