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Introduction
RAN1#98bis meeting, the followings agreements and conclusions were reached on channel structure for 2-step RACH [1].
	Agreements:
· The initialization ID for msgA PUSCH scrambling is:
· cinit = RA-RNTI216+RAPID210+nID
· nID is a cell-specific higher-layer parameter if configured; otherwise nID =NIDcell 
· RA-RNTI is as same as Rel.15 
· FFS whether or not to replace the RAPID by DMRS index, if 1-to-multiple mapping between preambles and PRUs is supported.
Agreements:
· For the configuration of the msgA PUSCH waveform
· Use a separate cell-specific parameter “msgA-transformPrecoder” to indicate the waveform of msgA PUSCH
· If the parameter is not configured, msgA PUSCH follows the waveform of msg3.
Agreements:
· Different configuration periodicity for msgA PRACH and PUSCH is not supported in Rel.16
Agreements:
· Regarding the potential overlapping of msgA PUSCH occasions for a PUSCH configuration:
· Limit the msgA PUSCH configuration so that overlapping between PUSCH occasions is not expected
Agreements:
· An msgA PUSCH occasion is considered as valid only if the following criteria are satisfied
· it does not overlap (in time and frequency) with any 4-step or 2-step RACH occasions, and
· FFS it does not span across the slot boundary, and
· in addition, if a UE is provided TDD-UL-DL-ConfigurationCommon, a 2-step PUSCH occasion is considered as valid if the following criteria are satisfied
· it is within UL symbols, or
· it does not precede a SS/PBCH block in the PUSCH slot and starts at least Ngap symbols after a last downlink symbol and at least Ngap symbols after a last SS/PBCH block transmission symbol
· FFS whether Ngap needs to be revisited
·  FFS other criteria (the gap between preamble and data for MsgA, etc.)
Agreements:
· At least support separate LBTs for msgA PRACH and PUSCH respectively, for 2-step RACH for NR-U
· Strive to specify mechanisms to reduce LBTs

Agreements:
· When interlaced mapping is configured for PUSCH, each msgA PUSCH occasion is allocated N interlace(s) in frequency
· FFS N and starting interlace index
· FFS whether the N interlace(s) are consecutive
Agreements:
· All msgA PUSCH occasions and the associated msgA RACH occasions are confined within a single 20 MHz carrier/LBT bandwidth 
Agreements:
· The starting of msgB window should follow that defined for 2-step RACH regardless of failure of LBT for msgA PUSCH.
Agreements:
· The ordering of the msgA PRACH preambles within an msgA association period is
· First, in increasing order of preamble indexes within a single PRACH occasion
· Second, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions
· Third, in increasing order of time resource indexes for time multiplexed PRACH occasions within a PRACH slot
· Fourth, in increasing order of indexes for PRACH slots
· The PRACH preambles are mapped to valid PUSCH resource units (PRUs) within an msgA association period in the following order:
· First, in increasing order of frequency resource indexes for frequency multiplexed PUSCH occasions
· Second, in increasing order of DMRS indexes within a single PUSCH occasion
· FFS DMRS indexes for DMRS ports and/or sequences 
· Third, in increasing order of time resource indexes for time multiplexed PUSCH occasions within a PUSCH slot
· Fourth, in increasing order of indexes for PUSCH slots
· For multiple configurations, the mapping is between the PRUs under each msgA PUSCH configuration and the preambles in the corresponding preamble group
· Each msgA PUSCH configurations can identify sub-sets of DMRS port/sequence combination
Agreements:
· For the RRC configuration of MCS and TBS for msgA PUSCH 
· Signalling MCS only
· FFS the table and value range
Agreements:
· For a UE in RRC_IDLE/INACTIVE state, do not support more than 2 msgA PUSCH configurations for Rel.16
Agreements:
· For a UE in RRC_CONNECTED state,
· Support up to two msgA PUSCH configurations in an UL BWP 
· If msgA PUSCH configuration is not configured for the UL BWP, it can follow that of initial BWP.
· (Working Assumption) Reuse the preamble group based method as defined for RRC_IDLE/INACTIVE state.
· FFS: Whether the number of msgA PUSCH configuration(s) should be aligned with that of UEs in RRC RRC_IDLE/INACTIVE state.
· To confirm whether PRACH configuration and msgA PUSCH configuration are both BWP specific or cell specific.

Agreements:
· For a UE in RRC_IDLE/INACTIVE state, Msg A PUSCH mapping type A or B and SLIV are included in a TDRA table.
· The TDRA table w.r.t Msg A PUSCH mapping type A or B and SLIV is based on the existing TDRA table
· FFS whether or not the parameter K2 in the table is used for msgA PUSCH
· FFS whether or not to further update
Agreements:
· Support configurable PRB-level guard band between FDMed PUSCH occasions with values only from {0, 1} PRBs
Agreements:
· Intra-slot frequency hopping per PO for msgA is configurable using a per msgA configuration
· The hopping pattern is based on the msg 3 hopping pattern in Rel.15
· FH parameters are UL BWP-specific
· FFS whether or not have a guard period between the hop
· FFS whether or not there is an issue for the consecutive POs in time
· No inter-slot frequency hopping and no repetition for msgA PUSCH in Rel-16


In this contribution, we provide some discussions on channel structure for 2-step RACH including the following issues: MsgA PUSCH configuration, mapping between PRACH and PUSCH and so on.
Discussion on Channel structure 
MsgA PUSCH configuration
In last RAN1 meeting, the initialization ID of PUSCH scrambling was agreed, one remaining issue is whether using DMRS index to replace RAPID if one-to-multiple mapping between preambles and PRUs is supported. The use case for one-to-multiple mapping is the preambles allocated for two step RACH are limited and more PUSCH resources are allocated, it could be beneficial that one preamble is linking to different PRUs with different MCS/TBS or PUSCH PRBs , then the DMRS index can be used for differentiating the users with the same preamble. As agreed in previous meeting, two PUSCH configurations are supported by UE in RRC_IDLE/RRC_INACTIVE state, and preamble group is used to identify the PUSCH configuration. So from this point, one-to-multiple mapping between preamble and PRU is not supported for UE in RRC_IDLE/RRC_CONNECTED state. For UE in RRC_CONNETED state, currently the working assumption is to reuse the preamble group based method as defined for RRC_IDLE/INACTIVE state. If one-to-multiple mapping is supported, the two PUSCH configurations will links to one PRACH preamble group. From gNB implementation perspective, it would be hard to decode the PUSCH if preamble is colliding, and it requires to decode PUSCH several times with different assumptions. The benefits of one-to-multiple mapping is not clear enough, it would require more PUSCH physical resources to associate one PRACH preabmle. Thus, from resource utilization point of view, it’s not desirable to support one-to-multiple mapping, and one-to-one mapping can achieve the same target efficiently. 
Proposal 1: one-to-multiple mapping between preamble and PRU is not supported in Rel.16.
Proposal 2: Confirm the working assumption: for a UE in RRC_CONNECTED state, reuse the preamble group based method as defined for RRC_IDLE/INACTIVE state.
Regarding to the MsgA PUSCH occasion validation rule, one of remaining issues is whether the PUSCH transmission across slot boundary is valid PO. If the MsgA PUSCH transmission is allowed to across the slot boundary, the SLIV defined in Rel.15 could not be re-used directly. The SLIV is to indicate the start and length indicator for the time domain resource allocation for PUSCH, and only part of S and L combinations are valid for resource allocation. If MsgA PUSCH resource allocation span across the slot, new SLIV need to be defined for 2-step RACH, which would require additional standardization work. In addition, this could be impact on gNB receiver implementation, i.e., handling the PUSCH data across the slot.
Proposal 3: A valid PO is not allowed to across the slot boundary.
Another aspect related to PO validation is how to consider the NR TDD flexible UL and DL slot indicated by SFI. A valid PO could become invalid if the UL slot is changing to DL slot via the SFI indication.  In this case, the PRACH preambles shall not map on to the invalid PRUs in PO. The invalid POs caused by SFI indication should not impact the preamble to PRU mapping ratio.
Proposal 4: According to SFI indication, A PO becomes invalid due to the transmission direction change, it doesn’t impact the preamble to PRU mapping ratio.
In RAN1#98 meeting, the SLIV based PUSCH resource allocation scheme will be used for MsgA PUSCH configuration, and the details of SLIV indication was discussed in last meeting, 
· For a UE in RRC_IDLE/INACTIVE state, Msg A PUSCH mapping type A or B and SLIV are included in a TDRA table.
· The TDRA table w.r.t Msg A PUSCH mapping type A or B and SLIV is based on the existing TDRA table
· FFS whether or not the parameter K2 in the table is used for msgA PUSCH
· FFS whether or not to further update
The current TDRA table, i.e., table 6.1.2.1.1-2 in 38.214, is not fully suitable for two-step RACH. The parameter k2 in the table is used to indicate the slot for PUSCH transmission, which can be removed for two-step RACH, as it was agreed that PUSCH transmission slot can be derived by single offset with respect to the start of each PRACH slot. Thus, some slot specific related entries can be removed from the table, in addition, some new S and L combinations could be introduced in the table according to the number of time domain POs in the slot. Two POs in one slot seems the acceptable number for PUSCH mapping type A considering the balance of PUSCH time domain and frequency domain resource utilization. As only 16 entries are available in the TDRA table, it’s not possible to allow more POs in one slot. 
Proposal 5: The parameter k2 in TDRA table can be removed, and new entries could be added for PUSCH mapping type A for introducing two time domain POs in the slot.
Association between MsgA PRACH and PUSCH
The mapping ratio between MsgA preamble and PRU were extensive discussed in the RAN1 email reflector. The following alternatives were agreed to discuss further.
   Preamble to PRU mapping ratio is down-selected from:
o    Alt 1: A single value per configuration, which is implicitly derived by the total numbers of valid preambles and valid PRUs in the SSB-to-RO association pattern period
o    Alt 2: A single value per SSB-to-RO association period, which is implicitly derived by the total numbers of valid preambles and valid PRUs in the SSB-to-RO association period
o    FFS how to handle the fractional part of mapping ratio, if any
o    FFS how to make sure a valid PRU occurs after its corresponding preamble
For both alternatives, the difference is whether association period or association pattern period is applied to derive the preamble to PRU mapping ratio. According to current specification, the association period for mapping SSB block to PRACH occasion is not a fixed value, due to the RO validation rules, the duration of association period could be different from one period to another. The PUSCH occasion validation rules were agreed in last RAN1 meeting, according to the rules the number of POs associated with one PRACH slot could be different. Then for Alt 2, the preamble to PRU mapping ratio could change from one SSB-to-RO association period to another as well. As for association pattern period in Alt 1, an association pattern period consists of one or more association periods and is determined so that a pattern between PRACH occasions and SS/PBCH blocks repeats at most every 160 msec. If association pattern period is applied to determine the mapping ratio, it would result in only one mapping ratio in 160ms, regardless the different mapping ratio of different association period in an association pattern period, in some cases, the PRUs would appear in front of associated preambles, which should be avoided in preamble to PRU association. 
Proposal 6: To determine the preamble to PRU mapping ratio, single value per SSB-to-RO association period, which is implicitly derived by the total numbers of valid preambles and valid PRUs in the SSB-to-RO association period
The PRACH preamble and PRU mapping orders were agreed in last RAN1 meeting. One-to-one mapping between preamble and PRU is clearly defined with the agreements. Additionally, multiple-to-one mapping is supported in two-step RACH, the current agreements could not cover this case.
Agreements:
· The PRACH preambles are mapped to valid PUSCH resource units (PRUs) within an msgA association period in the following order:
· First, in increasing order of frequency resource indexes for frequency multiplexed PUSCH occasions
· Second, in increasing order of DMRS indexes within a single PUSCH occasion
· FFS DMRS indexes for DMRS ports and/or sequences 
· Third, in increasing order of time resource indexes for time multiplexed PUSCH occasions within a PUSCH slot
· Fourth, in increasing order of indexes for PUSCH slots
· For multiple configurations, the mapping is between the PRUs under each msgA PUSCH configuration and the preambles in the corresponding preamble group
· Each msgA PUSCH configurations can identify sub-sets of DMRS port/sequence combination
[bookmark: _GoBack]There are several ways to handle the multiple-to-one mapping, such as the preambles can be grouped together according to the preamble to PRU mapping ratio, then perform the mapping according to the agreed rules. Another way is to perform the mapping following the agreed rules, if there are preambles left, then second round mapping is performed until all the preambles are mapped to PRUs. The later one is friendly for the case of multiple SSB mapping to one RO, the later SSB could map to the front POs, so to speak, different SSBs could have the same possibility to map onto same RO by proper configuration.
Proposal 7: For multiple to one mapping between preamble and PRU, the preambles are mapping to PRU in the order of  frequency first, DMRS index second, time resource index within one PUSCH slot third, and index for PUSCH slot fourth; if there are preambles left, repeat the mapping procedure until all the preambles are mapped to PRUs.
Summary
In this contribution, we discuss some of the remaining issues of 2-step RACH channel structure. We have the following the proposals:
Proposal 1: one-to-multiple mapping between preamble and PRU is not supported in Rel.16.
Proposal 2: Confirm the working assumption: for a UE in RRC_CONNECTED state, reuse the preamble group based method as defined for RRC_IDLE/INACTIVE state.
Proposal 3: A valid PO is not allowed to across the slot boundary.
Proposal 4: According to SFI indication, A PO becomes invalid due to the transmission direction change, it doesn’t impact the preamble to PRU mapping ratio.
Proposal 5: The parameter k2 in TDRA table can be removed, and new entries could be added for PUSCH mapping type A for introducing two time domain POs in the slot.
Proposal 6: To determine the preamble to PRU mapping ratio, single value per SSB-to-RO association period, which is implicitly derived by the total numbers of valid preambles and valid PRUs in the SSB-to-RO association period
Proposal 7: For multiple to one mapping between preamble and PRU, the preambles are mapping to PRU in the order of  frequency first, DMRS index second, time resource index within one PUSCH slot third, and index for PUSCH slot fourth; if there are preambles left, repeat the mapping procedure until all the preambles are mapped to PRUs.
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