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1. Introduction
At the RAN1#98 meeting, the issues related to channel structure for 2-step RACH were discussed and RAN1 made following agreements [1].
	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
· [bookmark: _GoBack]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

Proposals:
· For RRC_INACTIVE/IDLE state, at least support up to two msgA PUSCH configurations per UE for Rel.16
· Using different preamble groups for the indications of different configurations in case of two configurations
· Support of more than two configurations is not precluded, and if supported FFS the following mechanisms for the indications of different configurations
· Alt.1: Using different preamble groups
· Alt 2: Using different preamble groups and/or RO partitioning
· Alt.3: Using UCI based indication
· Alt. 4: Using different DMRS ports/sequences
· At least up to two msgA PUSCH configurations are supported for RRC_CONNECTED state for Rel.16
· FFS details
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In this contribution, the channel structure for 2-step RACH, especially regarding MsgA structure, is discussed.

2. Discussion
It was agreed to support time offset between the start of each PRACH slot and PUSCH slot at least for same configuration periodicity for MsgA PRACH and PUSCH. Since UL slot can be isolated in some TDD configuration, for the determination of time offset between the start of each PRACH slot and PUSCH slot, the case that there can be TDD DL part between MsgA RO and corresponding MsgA PO should be considered.

Proposal 1: For the determination of time offset between the start of each PRACH slot and PUSCH slot, the case that there can be TDD DL part between MsgA RO and corresponding MsgA PO should be considered.

For Rel-15, the rule for valid/invalid RACH occasion based on TDD configuration and SSB location was defined. Similar rule for valid/invalid MsgA PO should be defined so that MsgA PO does not overlap with DL part and SSB, i.e., if possible MsgA PO overlaps with DL part in TDD configuration or SSB location, the MsgA PO becomes invalid. In addition, it should be studied whether or not MsgA PO needs to avoid overlap with MsgA RO. If the MsgA PO can be associated with the overlapped MsgA RO, UE needs to transmit MsgA preamble and MsgA PUSCH simultaneously, and it may not be desirable due to UE complexity and PSD. In case that the MsgA PO is not associated with the overlapped MsgA RO, gNB may not be able to use appropriate Rx beam for either MsgA PRACH or MsgA PUSCH due to analogue beam forming.We need further study considering 

Proposal 2: The validation rule for MsgA PO based on TDD configuration and SSB location should be defined, similarly as the rule for valid/invalid RACH occasion in Rel-15.
· FFS: whether or not the validation rule for MsgA PO based on location of MsgA RO is defined.

Regarding SSB-to-PO association, two options were discussed. First option is the SSB-to-PO association is indirectly determined based on the mapping between MsgA RACH preambles and MsgA PRUs. Second option is to define the SSB to PO mapping, and then define the mapping between RACH preambles and PRUs that are associated with the same SSB. Since time offset between PRACH slot and PUSCH slot was agreed, first option would be natural. Also, for second option, the relationship between MsgA RO and MsgA PO in the different association period seems ambiguous. Thus, first option is simpler and preferable.

Proposal 3: Define the mapping between MsgA RACH preambles and MsgA PRUs, and the SSB-to-PO association is indirectly determined.

Although time offset between PRACH slot and PUSCH slot was agreed, mapping order within each slot should be determined. Similarly as SSB-to-RO mapping rule, the mapping order for MsgA RACH preambles and MsgA PRUs should be code domain, followed by frequency domain, and followed by time domain. For the mapping order within code domain, if the number of DMRS ports is sufficient, only DMRS ports should be used instead of DMRS sequences in terms of performance. Thus, the mapping order should be DMRS port, followed by DMRS sequences. Also, regarding mapping in time domain, it has not been discussed whether or not different MsgA PRACH slots can be mapped to single MsgA PUSCH slot, as well as whether or not single MsgA PRACH slot can be mapped to different MsgA PUSCH slots.
Proposal 4: The mapping order for MsgA RACH preambles and MsgA PRUs is following:
· First, in increasing order of code domain
· For MsgA RACH preambles, the code domain is preamble index
· For MsgA PRUs, first in increasing order of DMRS port, followed by DMRS sequence
· Second, in increasing order of frequency domain resource
· Third, in increasing order of time domain resource
· FFS: whether or not multiple MsgA PRACH/PUSCH slots can be mapped to single MsgA PUSCH/PRACH slot

At the previous meetings, configurable time gap between MsgA RO and MsgA PO required for NW/UE processing time was discussed. However, this issue can be resolved by the MsgA PO allocation, i.e., the time offset between MsgA PRACH slot and MsgA PUSCH slot. gNB can configure the MsgA PO allocation, such that the configured time offset can ensure the required time gap for NW processing time. Also, the minimum time offset would need to satisfy UE processing time.

Observation 1: The required time gap between MsgA RO and MsgA PO for NW/UE processing time can be ensured by the configured time offset between MsgA PRACH slot and MsgA PUSCH slot.

One-to-multiple mapping between MsgA preamble index in each MsgA RO and associated MsgA PUSCH resource unit is still FFS. One potential use case of one-to-multiple mapping is the scenario where only UE ID is transmitted by MsgA PUSCH and the collision of MsgA preamble does not matter in case that uplink timing information by the MsgA preamble is not needed. In that case, the preamble is used only for reference to associated MsgA PUSCH, and one-to-multiple mapping is useful in order to reduce the collision probability of MsgA PUSCH. Such use case should be further considered, and if it will be identified as possible sceanrio, one-to-multiple mapping should be supported.

Proposal 5: It should be further considered on the scenario where only UE ID is transmitted by MsgA PUSCH and the collision of MsgA preamble does not matter in case that uplink timing information by the MsgA preamble is not needed.
Proposal 6: If the scenario where only UE ID is transmitted by MsgA PUSCH and the collision of MsgA preamble does not matter is identified as possible scenario, one-to-multiple mapping between MsgA preamble index in each MsgA RO and associated MsgA PUSCH resource unit should be supported.

At the last meeting, the number of multiple MsgA PUSCH configuration was discussed. At least for RRC_CONNECTED state, since the configuration can be indicated in UE dedicated manner, it should be beneficial to support more than two configuration for data transmission.
Even for RRC_INACTIVE/IDLE state (at least for RRC_INACTVE state), more than two MsgA PUSCH configuration would be beneficial for data transmission. In that case, It would be too complex that only different preamble groups is used for the indication of different configurations. Thus, it should be reasonable that different preamble groups and/or RO partitioning is used for the indication of different configurations.
Proposal 7: More than two MsgA PUSCH configuration should be supported for RRC_CONNECTED state and RRC_INACTIVE/IDLE state.
· Different preamble groups and/or RO partitioning is used for the indication of different configurations, at least for RRC_INACTIVE/IDLE state.

3. Conclusion
In this contribution, channel structure of MsgA for 2-step RACH was discussed. Based on the discussion, the following observation and proposals were made:
Proposal 1: For the determination of time offset between the start of each PRACH slot and PUSCH slot, the case that there can be TDD DL part between MsgA RO and corresponding MsgA PO should be considered.
Proposal 2: The validation rule for MsgA PO based on TDD configuration and SSB location should be defined, similarly as the rule for valid/invalid RACH occasion in Rel-15.
· FFS: whether or not the validation rule for MsgA PO based on location of MsgA RO is defined.
Proposal 3: Define the mapping between MsgA RACH preambles and MsgA PRUs, and the SSB-to-PO association is indirectly determined.
Proposal 4: The mapping order for MsgA RACH preambles and MsgA PRUs is following:
· First, in increasing order of code domain
· For MsgA RACH preambles, the code domain is preamble index
· For MsgA PRUs, first in increasing order of DMRS port, followed by DMRS sequence
· Second, in increasing order of frequency domain resource
· Third, in increasing order of time domain resource
· FFS: whether or not multiple MsgA PRACH/PUSCH slots can be mapped to single MsgA PUSCH/PRACH slot

Observation 1: The required time gap between MsgA RO and MsgA PO for NW/UE processing time can be ensured by the configured time offset between MsgA PRACH slot and MsgA PUSCH slot.
Proposal 5: It should be further considered on the scenario where only UE ID is transmitted by MsgA PUSCH and the collision of MsgA preamble does not matter in case that uplink timing information by the MsgA preamble is not needed.
Proposal 6: If the scenario where only UE ID is transmitted by MsgA PUSCH and the collision of MsgA preamble does not matter is identified as possible scenario, one-to-multiple mapping between MsgA preamble index in each MsgA RO and associated MsgA PUSCH resource unit should be supported.
Proposal 7: More than two MsgA PUSCH configuration should be supported for RRC_CONNECTED state and RRC_INACTIVE/IDLE state.
· Different preamble groups and/or RO partitioning is used for the indication of different configurations.
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