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[bookmark: _Ref165266342]Introduction
According to the current 38.321 specification [1], during the PRACH resource selection procedure, the UE needs to firstly select the SUL and then select the SSB/CSI-RS associated to the PRACH resources. In this contribution, we discuss the details of the MsgA resource selection procedure. The related RAN1 agreements can be found in the Annex. The latest RAN2 agreements can be also found as follows:
	Agreements:
1. Criteria on whether the UE uses 2-step RACH or 4-step RACH shall be clearly specified 
2. The start of the msgB reception window is after the PUSCH transmission opportunity of msgA.  Details are FFS for 2-step RACH and fallback. 
3. If CCCH SDU was included in MsgA, then the contention resolution will be based on the contention resolution ID included in MsgB.  FFS for other conditions.  



Discussion
Support of SUL
According to the 4-step RACH procedure as defined in 38.321 [1], the UE needs to firstly select an uplink carrier between NUL and SUL based on the RSRP of the downlink pathloss reference. Then regarding the support of the SUL for the 2-step RACH procedure, we consider that the following cases needs to be firstly confirmed.
· Case 1: MsgA resources are configured simultaneously in both SUL and NUL.
· Case 2: MsgA resources are configured in either SUL or NUL.
From our understanding, both cases can be supported. For example, Case 1 can provide better coverage for the MsgA transmission in the SUL. For Case 2, the MsgA of the 2-step RACH can be configured in SUL to provide better offload of the RACH resource, and the Msg1 of the 4-step RACH can be configured in NUL. On the other hand, the MsgA of the 2-step RACH can be configured in NUL, and the Msg1 of the 4-step RACH can be configured in SUL to achieve better coverage.
Proposal 1: The MsgA resources can be configured simultaneously in both SUL and NUL, or configured in only one carrier of a cell.
Regarding the selection of the uplink carrier, we consider that the RSRP-based uplink carrier selection can be used. However as the 2-step RACH is going to be used for the NR-U procedure to reduce the LBT impacts, then the RSSI/CO-based uplink carrier selection should also be considered after RAN2 completes the general procedure of the 2-step RACH. Here we consider that while the MsgA of the 2-step RACH is configured for the SUL, the Msg1 of the 4-step RACH could also be configured for the SUL to support both the legacy UE and the new UE. Here we consider that the MsgA and the Msg1 can be configured on the same carrier or on different carriers. Then RAN2 needs to discuss if the UE firstly selects an uplink carrier or firstly select between the 2-step RACH and the 4-step RACH. From our understanding, firstly selecting an uplink carrier based on the RSRP of the downlink pathloss reference can provide better coverage performance.
Proposal 2: If the RSRP of the downlink pathloss reference is less than a configured threshold (e.g. rsrp-ThresholdSSB-SUL), the UE select the SUL carrier.
Proposal 3: The UE selects the uplink carrier (i.e. either SUL or NUL) before the selection between 2-step RACH and 4-step RACH.
Selection of SSB
According to the 4-step RACH procedure as defined in 38.321 [1], the UE needs to firstly select an SSB/CSI-RS associated to the PRACH resources based on the L1 RSRP measurement before selecting the PRACH resource for the RACH procedure. This is to allow the network to transmit the Msg2 via the beam on which the UE can receive the Msg2. From our understanding, when the network configures both the Msg1 resources of the 4-step RACH and the MsgA resources of the 2-step RACH, the Msg1 resources of the 4-step RACH and the MsgA resources of the 2-step RACH can be associated to the same beam (i.e. the same SSB) or different beams. For example, for the beam with worse coverage than other beams, the network may only use the 4-step RACH (i.e. only Msg1 resources are associated to a specific SSB.).
Proposal 4: The Msg1 resources of the 4-step RACH and the MsgA resources of the 2-step RACH can be associated to the same SSB or different SSB(s).
In order to ensure the Msg2/MsgB transmission, we consider that the UE should select a better SSB before the selection between 2-step RACH and 4-step RACH. 
Proposal 5: The UE selects an SSB with RSRP above a configured threshold.
Proposal 6: The UE selects the SSB based on the RSRP before the selection between 2-step RACH and 4-step RACH.
According to the current 38.321 specification, if the number of SSBs with RSRP above a configured threshold is more than one, the UE by implementation can select any of them. Here we could have the following two options:
· [bookmark: _GoBack]Option 1: The UE by implementation selects one final SSB before the selection between 2-step RACH and 4-step RACH.
· Option 2: The UE firstly select between 2-step RACH and 4-step RACH before the selection of the final SSB.
For Option 2, the UE could select an SSB which is only associated to the 2-step RACHs, then the Msg1 resources of the 4-step RACH may rarely be used. Thus we consider that the UE should select between 2-step RACH and 4-step RACH before the selection of the final SSB, when the number of SSBs with RSRP above a configured threshold is more than one.
Proposal 7: If the number of SSBs with RSRP above a configured threshold is more than one, and the SSBs are associated to both 2-step RACH and 4-step RACH, the UE selects between 2-step RACH and 4-step RACH before the selection of the final SSB. 
If the number of SSBs with RSRP above a configured threshold is one, and the SSB is associated to both 2-step RACH and 4-step RACH. Then the UE can select between the 2-step RACH and the 4-step RACH.
Proposal 8: If the number of SSBs with RSRP above a configured threshold is one, and the SSB is associated to both 2-step RACH and 4-step RACH, the UE selects between 2-step RACH and 4-step RACH. 
Once the UE decides to go for 2-step RACH, the number of SSBs with RSRP above a configured threshold could still be more than one, then we consider that the UE by implementation can select any SSB.
Proposal 9: Once the UE selects 2-step RACH, if the number of SSBs with RSRP above a configured threshold is more than one, the UE by implementation can select any SSB.
Selection of MsgA resource


Figure 1: Allocation of RO and PO
According to the current 38.321 specification [1], after the selection of the SSB, “the UE determines the next available PRACH occasion from the PRACH occasions corresponding to the selected SSB”. The intention is to allow the faster transmission of the Msg1 for the 4-step RACH. However according to the latest RAN1 agreements, the PRACH and the PUSCH can be in the same or different slot. If the UE selects the latest PRACH resource, the PUSCH transmission of the MsgA may not be the latest one, as illustrated in Figure 1. Thus we consider that to allow the faster MsgA transmission, the UE should select the latest PUSCH resource instead of the PRACH.
Proposal 10: The UE selects the MsgA resource with the latest PUSCH resource.
According to the latest RAN1 agreement, the mapping between RO (RACH Occasion) and PO (PUSCH Occasion) can be multiple-to-one. After the selection of the PO according to Proposal 10, the UE still needs to select an RO for the MsgA transmission. Then we could have the following options:
· Option 1: The legacy rule (i.e. the UE selects the latest RO, or randomly selects an RO within consecutive RO(s)) of the RO selection applies. 
· Option 2: The UE by implementation selects any RO.
From our understanding, if the number of the RO associated to the PO is more than one, there is no need to select the latest RO, as the transmission of the PO is used to determine the completion of the MsgA transmission. Then the selection of the RO can be left to the UE implementation (e.g. random selection).
Proposal 11: If the number of the PRACH resource associated to the selected PUSCH resource is more than one, it is up to the UE implementation to select any RO.

Conclusions
Based on the analysis given above, we have the following Proposals and Observations：
Proposal 1: The MsgA resources can be configured simultaneously in both SUL and NUL, or configured in only one carrier of a cell.
Proposal 2: If the RSRP of the downlink pathloss reference is less than a configured threshold (e.g. rsrp-ThresholdSSB-SUL), the UE select the SUL carrier.
Proposal 3: The UE selects the uplink carrier (i.e. either SUL or NUL) before the selection between 2-step RACH and 4-step RACH.
Proposal 4: The Msg1 resources of the 4-step RACH and the MsgA resources of the 2-step RACH can be associated to the same SSB or different SSB(s).
Proposal 5: The UE selects an SSB with RSRP above a configured threshold.
Proposal 6: The UE selects the SSB based on the RSRP before the selection between 2-step RACH and 4-step RACH.
Proposal 7: If the number of SSBs with RSRP above a configured threshold is more than one, and the SSBs are associated to both 2-step RACH and 4-step RACH, the UE selects between 2-step RACH and 4-step RACH before the selection of the final SSB. 
Proposal 8: If the number of SSBs with RSRP above a configured threshold is one, and the SSB is associated to both 2-step RACH and 4-step RACH, the UE selects between 2-step RACH and 4-step RACH. 
Proposal 9: Once the UE selects 2-step RACH, if the number of SSBs with RSRP above a configured threshold is more than one, the UE by implementation can select any SSB.
Proposal 10: The UE selects the MsgA resource with the latest PUSCH resource.
Proposal 11: If the number of the PRACH resource associated to the selected PUSCH resource is more than one, it is up to the UE implementation to select any RO.
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[3] 3GPP TS 38.321, “NR; Medium Access Control (MAC) protocol specification”.
Annex
The following agreements are from RAN1#96bis meeting:
	Agreements:
· One or more PUSCH occasion(s) within an msgA PUSCH configuration period are configured.
· FFS msgA PUSCH configuration period, e.g. 
· For opt. 1 with separate PUSCH configuration, msgA PUSCH configuration period may or may not be the same as PRACH configuration period
· For opt. 2 PUSCH configuration with relative location, msgA PUSCH configuration period is the PRACH configuration period
Agreements:
· PUSCH resource unit for 2-step RACH is defined as
· The PUSCH occasion and DMRS port / DMRS sequence used for an msgA payload transmission.
· FFS support only one or both of DMRS port / DMRS sequence 
· The DMRS sequence generation mechanism should follow Rel.15.

Working assumption:
· At least support one-to-one and multiple-to-one mapping between preambles in each RO and associated PUSCH resource unit.
· Configurable number of preambles (including one or multiple) mapped to one PUSCH resource unit
· FFS one-to-multiple mapping
· Companies are strongly encouraged to perform additional evaluations/analysis

Agreements:
· Support the PRACH and PUSCH for msgA transmission in different slots. In this case, the numerology for msgA PUSCH follow the numerology configured for the UL BWP for msgA transmission.
· FFS whether to support PRACH and PUSCH in the same slot for msgA transmission. If supported, down-select from the following option
· Opt 1: the numerology for msgA PUSCH follows that of msgA preamble
· Opt 2: gNB configure whether the numerology for msgA PUSCH follows that of msgA preamble or UL BWP 
· Opt 3: a UE is not expected to be configured with different numerology among PRACH preamble, msgA PUSCH and UL BWP for msgA transmission
· Note: in Rel.15 the PRACH and PUSCH transmitted in the same slot for a UE are not supported

R1-1905878
Agreements:
· Adopt the following table for the link-level evaluation:
	Parameters
	Values 

	The number of PUSCH symbols & PUSCH mapping type
	14, Type A;
[6], Type B as optional

	1) Total Number of PRBs for msgA PUSCH
Or 
2) number of PRBs per PUSCH occasion 
Note: either of them should be aligned for scheme comparison
	[6, 12]
Or 
[1,2,3]

	PUSCH DMRS overhead
	[2 or 3] DMRS symbols

	Frequency hopping for msgA PUSCH
	Company report, enabled/disabled

	Preamble format
	Format 0/[A1]; [32, 64] preambles in each RO.
Other preamble formats or number of preambles are not precluded
Note: company report number of SSBs per RO

	Number of UEs
	1 as a starting point;
FFS: 2 or more for evaluation of shared PUSCH occasion or can be reported
Power modelling for FFS (Note: before the FFS is resolved, companies to report the detailed modelling)
FFS: interference from the adjacent PUSCH resource occasion, including how to model relative SINR, timing, etc.

	TBS
	1) 56 72 bits as starting point for minimum payload size, other values are not precluded
2) Company report for the evaluation of payload size



Agreements:
· For the relation of PRACH resources between 2-step and 4-step RACH, the network has the flexibility to configure the following 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
Agreements:
Further study the granularity of the time advance command, if supported in MsgB:
· E.g., Based on the subcarrier spacing of MsgA PUSCH using a 12-bit TA command, where the granularity of the TA command is determined according to the following table.
	Subcarrier Spacing (kHz) of the msgA PUSCH data part
	Unit 

	15
	16*64 Tc

	30
	8*64 Tc

	60
	4*64 Tc

	120
	2*64 Tc


· Other options/variations are not precluded

Agreements:
For 2-step RACH preamble power control parameter configuration, further study and down select from the following options:
· Option 1: Power control parameters can be separately configured for 2-step and 4-step RACH.
· If a power control parameter is not configured for 2-step RACH, the corresponding power control parameter of 4-step RACH is used instead for 2-step.
· Option 2: The corresponding power control parameter of 2-step RACH preamble follows that of 4-step RACH preamble.

Agreements:
[bookmark: _Hlk5855601]For the determination of the PUSCH Tx power, further study at least the following components including possible down selection:
· An offset relative to the preamble received target power
· Option 1.1: Offset configured for 2-step RACH
· Option 1.2: Offset is the release 15 delta_preamble_msg3
· Option 1.3: Offset is the release 15 delta_preamble_msg3 + configurable delta
· An offset relative to the MsgA PRACH Tx power for the MsgA PUSCH Tx power configured for 2-step RACH.
· Transmission bandwidth of MsgA PUSCH
· MsgA PUSCH Transport format (ΔTF). Further study the following options for further down selection
· Option 2.1: deltaMCS configured for 2-step separate from 4-step
· Option 2.2: reuse deltaMCS of 4-step RACH
· Preamble received target power.
· Pathloss. Further study the following options for further down selection
· Option 4.1: Full pathloss compensation (α = 1)
· Option 4.2: Partial pathloss compensation alpha configured for 2-step separate from that of 4-step RACH.
· Option 4.3: Partial pathloss compensation using msg3-alpha.
· RS resource index for pathloss estimation.
· Total power ramp-up requested by higher layers for MsgA PUSCH Tx:
· Option 6.1: from the first to the current MsgA PUSCH transmission (Prampuprequested).
· Option 6.2: from the first to the latest random access MsgA preamble transmission (Prampuprequested).
· Note: Latest means most recent transmitted.
· Power reduction priority rule in CA/DC
Agreements:
· For MsgA Tx beam selection further study at least the following options:
· Option 1: The MsgA PRACH and MsgA PUSCH use the same Tx spatial filter (beam).
· Option 2: The MsgA PRACH and MsgA PUSCH use same or different Tx spatial filter (beam) up to UE implementation.
· No spec impact expected.
· Note: in 4-step RACH it is up to UE implementation to decide the beams for Msg1 and Msg3.
· Option 3: The MsgA PRACH and MsgA PUSCH use same or different Tx spatial filter (beam) under network control/assistance.
· MsgA retransmission, if supported, is defined as a retransmission of MsgA PRACH (with a re-selection of preamble) and MsgA PUSCH. Further study at the following options:
· Option 1: Using the same payload for MsgA PUSCH.
· Option 2: MsgA PUSCH payload can be different.
· FFS: Conditions for MsgA retransmission and relation to fall back.
· FFS: retransmission of PUSCH only.
· FFS: retransmission of PRACH only.
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