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1 Introduction
A 2-step RACH work item has been approved in RAN1 #82. The main RAN2 object is defined as following:
	· Specify contention-based 2-step RACH procedure (RAN2)

· Channel structure of msgA is Preamble and PUSCH carrying payload (RAN1)

· Specify msgA’s content: to include the equivalent contents of msg3 of 4-step RACH (RAN2/RAN1)

· 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 (RAN1/RAN2)

· Contention resolution for 2-step RACH (RAN2)

· Design of RNTI for msgB of 2-step RACH (RAN2)


This contribution discusses the general MAC procedure for 2-step RACH, including MsgA resource selection, msgA transmission, RNTI for MsgB reception, contention resolution, etc. 
2 Discussion
2.1 RACH and PUSCH resource selection for MsgA

RAN1#96 has discussed the 2 step RACH and 4-step RACH resource configuration in [3] and reach the agreement on the configuration of RACH resource:

	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 and 4-step RACH
· Option 3: Shared RO and shared preambles for 2-step 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


In R15, for the selection of RACH resource for CBRA, SSB/CSI-RS is first determined by comparing the available SSBs with the configured threshold: if the RSRP of the beam is higher than the threshold, then the beam is selected. Then, based on the selected SSB, preambles and PRACH resource are selected. 

Based on the above RAN1 agreement, the association between SSB and RACH occasion is reused. This means that 2-step RACH still needs to indicate to the network the selected downlink beam by the selection of PRACH resource.  
Proposal 1: The RACH resource selection for 2-step RACH follows the RACH resource selection of R15 NR as baseline: beam selection is performed first, then RACH resource is selected by on the selected beam.
In the last RAN1 meeting, RAN1 has also made the following agreement on PUSCH resource configuration for msgA:

	· PUSCH occasion for 2-step RACH is defined as

· the time-frequency resource for payload transmission
· Consider the following methods for PUSCH occasion of msgA transmission:

· Opt 1: PUSCH occasions are separately configured from PRACH occasions
· For one PUSCH occasion, it is derived based on:

· Alt 1: reuse the resource allocation for NR configured grant in principle

· Alt 2: other potential configurations (e.g., reuse semi-static SFI + BWP,  reuse PRACH RO, etc.)

· FFS detailed association rule between the PRACH and PUSCH for msgA transmission

· Opt 2: Specify/configure the relative location (in time and/or frequency) of the PUSCH occasion with respect to the associated PRACH occasion
· Alt 1: Time/frequency relation between PRACH preambles in PRACH occasion(s) and PUSCH occasions are single specification fixed value.

· Alt 2: Time/frequency relation between each PRACH preamble in PRACH occasion(s) to the PUSCH occasion is single specification fixed value. Different preambles in different PRACH occasions can have different values.

· Alt 3: Time/frequency relation between PRACH preambles in PRACH occasion(s) and PUSCH occasions are single semi-statically configured value.

· Alt 4: Time/frequency relation between each PRACH preamble in PRACH occasion(s) to the PUSCH occasion is semi-statically configured value. Different preambles in different PRACH occasions can have different values.

· Note: The time and frequency relation is not required to be the same alternative.
· FFS detailed mapping between preamble and PUSCH resource + DMRS


Based on the above RAN1 agreement, there are two approaches for the configuration of PUSCH resource: (a) resource allocation similar to configured grant; (b) specifying an offset between the time-frequency resources of PRACH.  For the mapping between the PRACH and PUSCH, it is implicitly given for Opt2 while FFS for Opt1. From our understanding, the main function of this mapping between PUSCH resource and RACH resource is for the determination of PUSCH. So, RACH resource for msgA is first determined, then based on the mapping, the PUSCH resource is determined. 

Proposal 2: The PUSCH resource for msgA payload in 2-step RACH is determined based on the mapping between RACH resource and PUSCH.
There are two approaches for specifying the determination of PUSCH resource: (a) specified in the MAC spec; (b) specified in the PHY spec. 
We think it is more proper to be specified in the MAC spec. This is customary for the current specification: if the grant reception is associated with DCI, the PUSCH time and frequency domain allocation is specified in the PHY spec, like in the Section 6.1.2 of TS 38.214 for PUSCH resource allocation. While if the grant is not associated with DCI, it is specified in the MAC spec, example includes configured grant type 1 and 2. 
Based on the above discussion, we propose the following
Proposal 3: The PUSCH resource selection for msgA in 2-step RACH is specified in the MAC spec. 
In the WID of 2-step RACH, the following objective has also been specified:
	· Specify the fall back procedure from 2-step RACH to 4-step RACH (RAN2/RAN1)


The fall back procedure or switching procedure for 2-step and 4-step RACH CBRA or 2-step CFRA can happen as a result of RACH resource selection when the UE is configured with multiple resources. The scenarios for the fall back turn out to be quite complex and please refer to our contribution [4] dedicated to this topic for more details.
2.2 HARQ for MsgA

For HARQ procedure for msg3 in 4-step RACH, the initial transmission of msg3 is provided by RAR, which also provides the TC-RNTI to the UE. Then, if the initial transmission fails, retransmission of the UE is provided by PDCCH addressed to TC-RNTI. We think the legacy mechanism of using HARQ process 0 for msg3 can be reused. 
Proposal 4: The associated HARQ process of msgA should be HARQ process 0

The issue with the transmission of support of HARQ for msgA is that if the reception of the msgA payload fails, the network is unable to determine the identity of the UE and does not know which UE sends msgA. 
Proposal4bis: RAN2 should study how retransmission should be supported for msgA.
2.3 Preamble and PUSCH transmission
In R15 NR, power control of preamble is performed partially in MAC and partially in PHY. While the power control is performed in the PHY. In the last meeting in RAN1, the following agreement has been made:

	Agreements:

· At least open loop power control for PUSCH transmission in MsgA should be supported

· FFS PC for preamble vs. PC for PUSCH


Hence, RAN1 has agreed that open loop power control, similar to the open loop power control of PRACH in LTE and R15 NR, will be supported. Since the mechanism for the PUSCH power control will be similar to the current MAC spec, we propose that this mechanism should be captured in the MAC spec. 
Proposal 5: The power control for PUSCH or preamble is specified in MAC. 
2.4 msgB reception

2.4.1 RAR timer and Contention resolution Timer

For 4-step RA procedure, the RAR timer is used for the Msg2 reception. The Contention Resolution timer is used for the Msg4 reception. The timer restarts at the (re-)transmission of msg3 and controls the PDCCH monitoring for msg4. 
For 2-step RA procedure, the msg2 and msg4 is merged into msgB and the reception procedure of the contents of the two messages will naturally not to be under the control of the previous two timers.  In addition, the 2-step RACH procedure still will be performed on RACH/PUSCH resource shared by multiple UEs. Hence, the mechanism similar to the RAR window for RAR reception in R15 NR is still applicable for 2-step RACH. Therefore, we propose to adopt a new timer for msgB reception 
Proposal 6: Introduce a new timer for the msgB reception. 
2.4.2 RNTI for msgB reception
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Figure 1. Window for MsgB reception
For 4-step RACH, UEs transmit Msg1 to gNB and start the RAR window timer for the RA-RNTI scrambled PDCCH reception of Msg2 (e.g. preamble ID, Backoff Indicator,TA, TC-RNTI, UL grant) from gNB. UE transmits Msg3 based on the UL grant in Msg2 and start the contention resolution timer for the TC-RNTI PDCCH reception of Msg4 (e.g. LCH ID, contention resolution) from gNB. 
RA-RNTI is defined as follows in TS 38.321:
	The RA-RNTI associated with the PRACH occasion in which the Random Access Preamble is transmitted, is computed as:

RA-RNTI= 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id

where s_id is the index of the first OFDM symbol of the PRACH occasion (0 ≤ s_id < 14), t_id is the index of the first slot of the PRACH occasion in a system frame (0 ≤ t_id < 80), f_id is the index of the PRACH occasion in the frequency domain (0 ≤ f_id < 8), and ul_carrier_id is the UL carrier used for Random Access Preamble transmission (0 for NUL carrier, and 1 for SUL carrier).


For 2-step RACH, UEs transmit MsgA to gNB and receive the MsgB from gNB, and the reception of the msgB can be illustrated with the above Figure 1. While, we observe that this needs to be discuss under the two cases of idle/inactive and connected UE, respectively:

· For IDLE/INACTIVE UE, UE has no UE specific RNTI, therefor a RNTI calculated based on time-frequency resource of msgA, similar to the RA-RNTI in R15 NR, can be used for the PDCCH reception. The RA-RNTI is associated with the transmission PRACH occasion, which is associated with MsgA PUSCH resource. 
· For CONNECTED UE, C-RNTI can be used for the PDCCH reception, if UE ID is successfully identified.
Based on the above discussion, we make the following proposal:
Proposal 7: For IDLE, INACTIVE UE, a RNTI calculated based on the time-frequency resource of msgA can be used for PDCCH reception of MsgB. For CONNECTED UE, C-RNTI can be used for PDCCH reception of msgB.
2.5 Contention Resolution for 2-step RA
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Figure 2. Comparison between MsgB and Msg2/4 reception 
For the 4-step RA procedure, UE start the ra-ContentionResolutionTimer and restart the ra-ContentionResolutionTimer at each HARQ retransmission in the first symbol after the end of the Msg3 transmission. The contention resolution is considered successful before the timer expires in the following cases:

· If the C-RNTI MAC CE was included in Msg3, 
· If the Random Access procedure was initiated for BFR and the PDCCH transmission is addressed to the C-RNTI ; or

· If the Random Access procedure was initiated by a PDCCH order and the PDCCH transmission is addressed to the C-RNTI; or

· If the Random Access procedure was initiated by the MAC sublayer itself (i.e. SR failure or UL data arrival while uplink is out-of-sync) or by the RRC sublayer (i.e. CBRA for HO) and PDCCH transmission is addressed to the C-RNTI and contains a UL grant for a new transmission.
· If the CCCH SDU was included in Msg3 and the PDCCH transmission is addressed to its TEMPORARY_C-RNTI. If the UE Contention Resolution Identity in the MAC CE matches the CCCH SDU transmitted in Msg3.
The UE Contention Resolution Identity in MAC contains the UL CCCH SDU. If the UL CCCH SDU is longer than 48 bits, this field contains the first 48 bits of the UL CCCH SDU. The UL CCCH SDU includes the RRC Connection Request, RRC Resume Request, RRC Resume Request1, RRC connection Re-establishment, RRC System Info Request.
When the MsgA includes CCCH SDU, the UE Contention Resolution Identity for the 4-step RA procedure can be reused, i.e. If the UL CCCH SDU is longer than 48 bits, this field contains the first 48 bits of the UL CCCH SDU. If both the preamble ID together with the the UE Contention Resolution Identity matches the CCCH SDU and preamble transmitted in MsgA, then the contention resolution is considered successful before the ContentionResolutionTimer expires.
When the MsgA includes C-RNTI MAC CE, if the PDCCH transmission is addressed to the C-RNTI and contains a UL grant for a new transmission then the contention resolution is considered successful before the ContentionResolutionTimer expires. 
Proposal 8: The contention resolution is based on either C-RNTI on PDCCH or UE Contention Resolution Identity on DL-SCH.
3 Conclusion
Base on the analysis above, we propose the following:
Proposal 1: The RACH resource selection for 2-step RACH follows the RACH resource selection of R15 NR as baseline: beam selection is performed first, then RACH resource is selected by on the selected beam.
Proposal 2: The PUSCH resource for msgA payload in 2-step RACH is determined based on the mapping between RACH resource and PUSCH.
Proposal 3: The PUSCH resource selection for msgA in 2-step RACH is specified in the MAC spec. 
Proposal 4: The associated HARQ process of msgA should be HARQ process 0

Proposal 4bis: RAN2 should study how retransmission should be supported for msgA.
Proposal 5: The power control for PUSCH or preamble is specified in MAC. 
Proposal 6: Introduce a new timer for the MsgB reception. 
Proposal 7: For IDLE, INACTIVE UE, a RNTI calculated based on the time-frequency resource of msgA can be used for PDCCH reception of MsgB. For CONNECTED UE, C-RNTI can be used for PDCCH reception of msgB.

Proposal 8: The contention resolution is based on either C-RNTI on PDCCH or UE Contention Resolution Identity on DL-SCH.
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