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Introduction
In the RAN1#98 meeting, some agreements w.r.t. the mapping between preambles and PUSCH resource units and PUSCH configurations have been achieved for 2-step RACH [1]. In this contribution, we share some views on the channel structure for 2-step RACH. More specifically, some remaining issues on the mapping between preambles and PUSCH resource units, PUSCH configurations and invalidation rules are further discussed. 
Discussion
In the RAN1#98 meeting, the following agreements have been achieved w.r.t. the mapping between preambles and PUSCH resource units (PRUs). According to the agreements, both one-to-one and multiple-to-one mappings are supported. Whether to support one-to-multiple mapping is for further study.
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
· 



Figure 1. An example of one-to-multiple mapping 

Figure 1 provides an example for the one-to-multiple mapping between preambles and PUSCH resource units. One motivation to support the one-to-multiple mapping could be saving some preamble overhead. In the RAN1#96bis meeting, it has been agreed that separate PRACH occasions can be configured for 2-step RACH and 4-step RACH. Therefore, a PRACH occasion can be dedicated to 2-step RACH. Since one PRACH occasion can accommodate at most 64 preambles and 2-step RACH can use all these preambles, it seems that there is no urgent need to save preambles. According to the agreements of the RAN1#96b meeting, 2-step RACH and 4-step RACH can also share a PRACH occasion but use separate preambles. At least in this case, it is more meaningful to use the one-to-multiple mapping. By this way, a larger number of UEs can be supported even if the number of preambles is limited for 2-step RACH. Another motivation could be to achieve some level of link adaptation. For example, one preamble is associated with two PUSCH resource units with different TB sizes or MCS levels. The UE can adaptively select one PUSCH resource unit to use, and the gNB identifies the selected PUSCH resource unit by blind decoding. If the number of preambles is sufficient, another alternative is to associate two different preambles with the aforementioned two PUSCH resource units. By this way, the gNB can identify the PUSCH resource unit immediately by detecting a preamble. Also, several issues need to be considered w.r.t. the one-to-multiple mapping. One issue to be considered is that the gNB has to perform blind decoding for the associated PUSCHs once a preamble has been identified. Another issue is that the gNB cannot obtain separate TA values for UEs if they choose the same preamble but different PUSCH resource units.
Proposal 1: When the number of preambles available for two-step RACH is limited, one-to-multiple mapping can be considered to support a UE number larger than the number of preambles or to support link adaptation. Whether to support one-to-multiple mapping should be subject to further evaluations on potential issues such as gNB blind decoding, TA estimation and so on. 
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Mapping rules should be defined to map preambles to PUSCH resource units. One unified mapping rule is preferred no matter whether one-to-one mapping, multiple-to-one mapping or one-to-multiple mapping is actually used. As a general principle, preambles can be mapped onto PUSCH resource units first along DM-RS ports and/or sequences within a single PUSCH occasion, and then in the increasing order of frequency for frequency multiplexed PUSCH occasions, and finally in the increasing order of time for time multiplexed PUSCH occasions. By this way, PUSCH resource fragmentation can be avoided and PUSCH resources without preambles mapped on them can be reused. Anyway, the gNB should have a target type of mapping in mind and then configure suitable number of preambles and PUSCH resource units accordingly. Otherwise, undesirable mapping results may occur, e.g. the time interval between a preamble and the associated PUSCH resource unit is too large.
Proposal 2: Preambles are mapped onto PUSCH resource units first along DM-RS ports and/or sequences within a single PUSCH occasion, and then in the increasing order of frequency for frequency multiplexed PUSCH occasions, and finally in the increasing order of time for time multiplexed PUSCH occasions.

After the RAN1#98 meeting, the following agreements have been achieved by email approval.
Agreements [email approval]:
· For RRC_INACTIVE/IDLE state, at least support up to two msgA PUSCH configurations 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
· FFS whether the MsgA PUSCH configurations are the same among different RRC states (IDLE, INACTIVE, CONNCETED)
· FFS the rule or BS signaling the criterion for the UE’s selection of msgA PUSCH configuration


It has been agreed that at least up to two msgA PUSCH configurations are supported for RRC_INACTIVE, IDLE and RRC_CONNECTED. The main motivation is to accommodate different msgA payload sizes which at least include 56 and 72 bits. Also different groups of preambles are associated with different msgA PUSCH configurations, so that the gNB can acquire an msgA PUSCH configuration by identifying a preamble. Rules should be defined for the UE’s selection of a particular msgA PUSCH configuration. Intuitively, the msgA payload size should be used as a parameter to select an msgA PUSCH configuration. Assuming that msgA PUSCH configuration #0 and #1 are configured to accommodate 56 and 72 bits respectively, RRC_INACTIVE and IDLE UEs can make their decisions based on the msgA payload sizes. As for a RRC_CONNECTED UE, the msgA PUSCH payload size is not limited to 56 or 72. If the RRC_CONNECTED UE has data to be transmitted in msgA, the number of data bits can be possibly larger than 72. Anyway, currently agreed two msgA PUSCH configurations should be able to be selected and used by the RRC_CONNECTED UE. To this end, it can be considered to use both the pathloss and the msgA payload size to select a suitable msgA PUSCH configuration at least for RRC_CONNECTED UEs. For example, if the msgA payload size is relatively large and the pathloss is relatively small, the channel condition is relatively good and thus msgA PUSCH configuration #1 with a larger TB size (72 bits) can be selected. Otherwise, the channel may not be good enough to support a larger TB size, and thus msgA PUSCH configuration #0 with a smaller TB size (56 bits) can be selected. Although msgA does not convey all the data bits, the remaining bits can be scheduled by the gNB via a UL grant later. 
Proposal 3: When two msgA PUSCH configurations are configured, at least the msgA payload size and the pathloss should be used to select one of the msgA PUSCH configurations.

In the RAN1#98 meeting, the following agreements have been achieved w.r.t. the invalidation rule.
Agreements:
· The rules for a UE for invalidating 2-step RACH ROs follow the same rules that are used for the invalidation of 4-step RACH ROs as described in section 8.1 of TS 38.213.
· FFS: For separately configured 2-step RACH and 4-step RACH ROs, if 2-step RACH ROs overlap with 4-step RACH ROs in time and frequency,
· Option 1: the 2-step RACH ROs become invalid.
· Option 2: This is not expected by UE.
· Other options are not precluded

As for 2-step RACH, the invalidation rule for the PRACH occasions (ROs) has been defined in the same way as that of 4-step RACH. Similarly, the invalidation rule should also be defined for the PUSCH occasions (POs). Furthermore, the invalidation rule for the ROs and the POs should be applied after the mapping between preambles and PUSCH resource units has been established. Otherwise, if a PO has been invalidated, a RO could be associated with a PO in the next period. This will induce a large time interval between a RO and its associated PO, and is obviously not the intention of the gNB. After the mapping has been established, the final validity for 2-step RACH should be determined based on the validity of both the RO and its associated PO. If a RO is invalidated, it is straightforward that it cannot be used for 2-step RACH regardless of the validity of its associated PO. If a RO is valid and its associated PO is also valid, the RO and the PO can be used for 2-step RACH. If a RO is valid but its associated PO has been invalidated, one option is that the RO can be used in a similar way as that of 4-step RACH, i.e., only the preamble is transmitted, and the other option is that the RO is also treated as being invalidated.
Proposal 4: The invalidation rule for the PUSCH occasions should be also defined. Furthermore, the invalidation rule for the ROs and the POs should be applied after the mapping between preambles and PUSCH resource units has been established.

Conclusions
In this contribution, we share some views on the channel structure for two-step RACH. Some design aspects on the mapping between preambles and PUSCH resource units, PUSCH configurations and invalidation rules are discussed. The proposals are summarized as follows.
Proposal 1: When the number of preambles available for two-step RACH is limited, one-to-multiple mapping can be considered to support a UE number larger than the number of preambles or to support link adaptation. Whether to support one-to-multiple mapping should be subject to further evaluations on potential issues such as gNB blind decoding, TA estimation and so on. 
Proposal 2: Preambles are mapped onto PUSCH resource units first along DM-RS ports and/or sequences within a single PUSCH occasion, and then in the increasing order of frequency for frequency multiplexed PUSCH occasions, and finally in the increasing order of time for time multiplexed PUSCH occasions.
Proposal 3: When two msgA PUSCH configurations are configured, at least the msgA payload size and the pathloss should be used to select one of the msgA PUSCH configurations.
Proposal 4: The invalidation rule for the PUSCH occasions should be also defined. Furthermore, the invalidation rule for the ROs and the POs should be applied after the mapping between preambles and PUSCH resource units has been established.
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