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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 A. The related RAN2 agreements are also quoted as follows:
	RAN2#107 meeting agreements [1]:
· RA type selection is NOT left up to UE implementation.
· If the UE is configured with 2-step RA, the RSRP is above a configurable threshold then the UE shall use the 2-step RA procedure.
· 2-step RA type selection is done after carrier type selection (UL/SUL).  FFS if we have separate threshold for different carriers (UL/SUL)
· RA type selection is performed before beam selection.



Discussion
Selection of MsgA resource


Figure 1: Association between RO and PRU
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”, and then select one preamble from the preambles reserved for the CBRA. The intention is to allow the faster transmission of the Msg1 for the 4-step RACH. 
According to the RAN1 agreements quoted in the Annex A, the configuration of the PRU (PUSCH resource unit) and the association between the preamble(s) and the PRU(s) would be as illustrated in the above Figure 1. The gNB would configure a period for the MsgA resource, and there could be multiple consecutive (or non-consecutive) RO(s) and PRU(s) for each period. One PRU refers to one PO (PUSCH occasion) with one specific DMRS. Then one/multiple preambles in each RO could be associated to one PRU. As RAN1 agreed to introduce “one-to-one and multiple-to-one mapping between preambles in each RO and associated PUSCH resource unit (PRU)”, once the preamble is selected, then the PRU associated to the selected preamble is also determined. However, as the PRU could be consecutive in both the frequency domain and the time domain. The UE should select a PRU randomly with equal probability amongst the consecutive PRU(s). Thus we consider that the UE should be able to select a preamble randomly with equal probability amongst the preambles associated to the PRU(s), so as to balance the use of each PRU. Regarding the RO selection, we consider that the legacy RO selection as 4-step RACH can be reused.
If RAN1 agreed to introduce the one-to-multiple mapping between preambles in each RO and associated PRU(s), one preamble could be associated to a group of consecutive PRU(s) which could be consecutive in both the frequency domain and the time domain. Then to balance the use of the PRU(s), the UE should select a PRU randomly with equal probability amongst the consecutive PRU(s) associated to the selected preamble.
Proposal 1: For one-to-one and multiple-to-one mapping between preambles and associated PRU, the UE selects the latest RO if the RO(s) are not consecutive, as the legacy RACH.
Proposal 2: For one-to-one and multiple-to-one mapping between preambles and associated PRU, the UE selects a RO randomly with equal probability amongst the consecutive RO(s), as the legacy RACH.
Proposal 3: For all types of mappings between preambles and associated PRU, the UE selects a preamble randomly with equal probability amongst the preambles associated to the PRU(s).
Proposal 4: If the one-to-multiple mapping between preambles in each RO and associated PRU(s) is agreed in RAN1, the UE selects a PRU randomly with equal probability amongst the consecutive PRU(s) associated to the selected preamble.

Measurement gap
According to the current MAC specification [2], when the UE selects the RO, the UE should avoid selecting the RO within the measurement gap to avoid interrupting the measurement within the measurement gap, as the Msg1/2/3/4 is transmitted/received regardless of the measurement gap. For the 2-step RACH, we consider that the same principles as the legacy RACH can be reused. Then the selected MsgA resource including both PRACH and PUSCH should be outside of the measurement gap.
Proposal 5: The UE takes into account the possible occurrence of measurement gaps when determining the MsgA resource including both PRACH and PUSCH.
Proposal 6: The UE transmits (or receives) MsgA/Msg3 (or MsgB/Msg4) regardless of the measurement gap.

Conclusions
According to the analysis given above, we have the following observation and proposals:
Proposal 1: For one-to-one and multiple-to-one mapping between preambles and associated PRU, the UE selects the latest RO if the RO(s) are not consecutive, as the legacy RACH.
Proposal 2: For one-to-one and multiple-to-one mapping between preambles and associated PRU, the UE selects a RO randomly with equal probability amongst the consecutive RO(s), as the legacy RACH.
Proposal 3: For all types of mappings between preambles and associated PRU, the UE selects a preamble randomly with equal probability amongst the preambles associated to the PRU(s).
Proposal 4: If the one-to-multiple mapping between preambles in each RO and associated PRU(s) is agreed in RAN1, the UE selects a PRU randomly with equal probability amongst the consecutive PRU(s) associated to the selected preamble.
Proposal 5: The UE takes into account the possible occurrence of measurement gaps when determining the MsgA resource including both PRACH and PUSCH.
Proposal 6: The UE transmits (or receives) MsgA/Msg3 (or MsgB/Msg4) regardless of the measurement gap.
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Annex A
The following agreements are RAN1:
	RAN1#97 meeting agreements:
The following agreements were made in RAN1#97:
Agreements:
· The following parameters are defined per msgA PUSCH configuration:
· Common parameters for both option 1 (separate configuration) and option 2 (relative location), at least include:
· MCS and/or TBS (to be further decided)
· Number of FDMed POs 
· POs (including guard band or guard period, if exist) under the same msgA PUSCH configurations are consecutive in frequency domain
· Number of PRBs per PO
· Number of DMRS symbols/ports/sequences (if support) per PO
· FFS whether or not support repetitions for msgA PUSCH
· FFS bandwidth of PRB-level guard band or duration of guard time
· FFS PUSCH mapping type
· Parameters specific to option 1, at least include:
· Periodicity (msgA PUSCH configuration period)
· FFS value range 
· Offset(s) (e.g., symbol, slot, subframe, etc.) 
· Time domain resource allocation, details FFS, e.g., in a slot for msgA PUSCH: starting symbol, number of symbols per PO, number of time-domain POs, etc.
· Frequency starting point
· Parameters specific to option 2, at least include:
· Single time offset (combination of slot-level and symbol-level indication) with respect to a reference point
· FFS, e.g., each PRACH slot (e.g., start or end of the PRACH slot), etc.
· Number of symbols per PO 
· FFS explicit or implicit indication
· Single frequency offset with respect to FFS (the start of the first RO in frequency or the end of the last RO in frequency)
· FFS: Number of TDMed POs
· Support multiple msgA PUSCH configurations for a UE
· FFS the maximum number of configurations
· FFS which parameters, if any, are common for all configurations
· FFS indication of different msgA PUSCH configurations, e.g. by different ROs, by different preamble groups, or by UCI
· FFS whether or not resources for different msgA PUSCHs can be overlapped in time-frequency, and if so, any spec impact
· FFS whether the frequency resource of msgA PUSCH should be limited to the bandwidth of PRACH
· FFS validation rule of msgA PUSCH


	RAN1#98 meeting agreements:
Agreements:
· The following parameters are further defined per msgA PUSCH configuration 
· Common parameters for both option 1 (separate configuration) and option 2 (relative location)
· Number of slots (in active UL BWP numerology) containing one or multiple POs, each slot has the same time domain resource allocation
· Number of time domain POs in each slot
· POs including guard period are contiguous in time domain within a slot
· SLIV-based, indicating the start symbol of the first PO in each slot, and the number of occupied symbols of each PO in time domain
· the number of occupied symbols excludes the guard period
· PUSCH mapping type A or B
· Configurable guard period, value range in the unit of symbols FFS
· Frequency start point with respect to the first PRB of the active UL BWP
· FFS: configurable PRB-level guard band, up to 1 PRB

Agreements:
· At least support same configuration periodicity for msgA PRACH and PUSCH
· Single time offset with respect to the start of each PRACH slot, counted as the number of slots (based on the numerology of active UL BWP) 
· Note: The symbol level offset is implied in SLIV-based indication
· FFS how to handle the overlapping between POs
· FFS whether and how to support different configuration periodicities

Agreements:
· For the definition of PRU, support both DMRS ports and DMRS sequences at least for CP-OFDM
· More than 1 DMRS sequence can be configured, FFS the value
· FFS whether/how to support multiple sequences for DFT-s-OFDM
· The conditions under which only DM-RS ports are to be specified. FFS details
· Confirm the working assumption that both one-to-one and multiple-to-one mapping between preambles in each RO and associated PUSCH resource unit (PRU) are supported
· Configurable number of preambles (including one or multiple) mapped to one PRU, explicitly or implicitly
· FFS 1-to-multiple mapping
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