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This document summarizes the key issues discussed under agenda 7.2.1.1 Channel Structure for Two-step RACH based on the views expressed in the contributions submitted to this agenda.
This document is updated from R1-1909478.
Channel Structure
msgA PUSCH configuration
The following agreements have been made in RAN1#97 meeting.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

There are some remaining open issues which were marked as FFS.
· Selection of opt.1 and/or opt.2
· Details for time and frequency domain resource allocation
· Details for multiple configurations 
· Validation rule of msgA PUSCH

Time and frequency resource allocation
Based on the contributions submitted to RAN1#98, companies’ preference of configuration method and their views on the remaining issues of time and frequency resource allocation are summarized in Table 1.
Table 1 Companies views on MsgA PUSCH configuration
	Company
	Config. method
	Time & frequency resource allocation

	Huawei
	Opt 1
	For time domain resource allocation of POs in one PO group, down select from the following alternatives: 
· Alternative 1: configure SLIV, number of TDMed POs, and guard period;
· Alternative 2: configure SLIV, number of PO slots, number of time domain POs in each PO slot, and guard period.
The POs can be configured with the same periodicity as the slot configuration period.
For frequency domain resource allocation of POs in one PO group, the following parameters can be considered: RIV, number of FDMed POs, and/or guard band.

	ZTE
	Opt 1&2
	Time domain: 
· For opt 1, periodicity (same value range as PRACH), offset(s) point to the slot(s), and SLIV;
· For opt 2, slot-level time offset with respect to each PRACH slot, and SLIV.
· FFS multiple TDMed POs within a slot.
· The configuration of guard time is up to gNB implementation.
Frequency domain:
· The frequency starting point is the offset with respect to PRB0 in the BWP;
· The guard band can be set from {0, 1} PRB.
· Support to limit the msgA PUSCH with the total bandwidth of PRACH.

	InterDigital
	
	· The frequency resources are not limited to the PRACH bandwidth.
· Support repetition

	Nokia
	Down-select, prefer Opt 2
	Time domain:
· Not support repetition.
· Configurable guard time with the range {0, 1, 2, 4, 6, 8, 12, 16} symbols.
· Offset is defined relative to the start of subframe or 60 kHz slot, in case there are 2 PRACH slots in the subframe or 60 kHz slot
· Support MsgA PUSCH mapping type A and type B.
· Configurable number of TDMed POs within a slot, range from 1 to 3
· Configurable number of consecutive slots that may carry TDMed POs
Frequency domain:
· Configurable guard band of at maximum 1PRB.
· Frequency offset is defined relative to the first PRB of the active BWP.
· MsgA PUSCH bandwidth may be larger than the PRACH bandwidth

	Samsung
	Opt 1&2
	· Opt 1, value range of msgA PUSCH configuration period is also {10, 20, 40, 80, 160} ms.  The PUSCH configuration period is not smaller than the PRACH configuration period
· Opt 2, offset is with respect to the last RO of the RACH slot 
· a GP and/or a GB can be configured by gNB on a need basis

	Intel
	Opt 1
	Time domain:
· Periodicity, slot offset and starting symbol and length.
· Guard period needs to be reserved for MsgA PUSCH transmission (can be realized by configuring a shorter duration of MsgA PUSCH occasion)
· Support repetition
Frequency domain
· Limited to the bandwidth of msgA PRACH

	LGE
	Opt 1
	Time domain:
· Number of OFDM symbol for single PUSCH occasion
· Whether timing gap is necessity or not
· Starting OFDM symbol index within a slot
· Number of PUSCH occasion in a slot
· Slot indication within a duration (e.g., 10ms, 20ms, …, 80ms) for PUSCH occasion
Frequency domain
· Starting PRB with a BWP
· Contiguous or non-contiguous allocation
· Null PRB is necessity or not

	Sierra
	Opt 2 preferred
	The frequency resource of msgA PUSCH should be permitted to exceed the bandwidth of PRACH within a limited range

	Sony
	Opt 1 & opt 2
	

	Panasonic
	Opt 1 or opt 2
	

	CMCC
	Opt 2
	· Support mapping type B for msgA PUSCH
· Subcarrier-level offset could be introduced in msgA PUSCH resource configuration for guard

	Apple
	Down-select
Support Opt 1
	· The configuration for 2-Step RACH should only consider mandatory UE capability
· Not support repetition
· Guard band and guard time for MsgA PUSCH can be handled by gNB implementation.
· Support configuration of PUSCH mapping type for MsgA PUSCH

	Ericsson
	Defer the decision
	· Support configuration of multiple time-domain POs by one msgA PUSCH configuration.
· msgA POs frequency division multiplexed in a set of OFDM symbols can correspond to an SSB
· The maximum number of TDM’d POs per subcarrier is roughly the maximum number of ROs in a PRACH slot.
· Guard bands between PUSCH occasions should not be introduced without further investigations such as multi-link, or better still, system simulations.
· Support at least intra-slot frequency hopping, separately configured from msg3 frequency hopping

	DOCOMO
	Opt 2
	

	OPPO
	Opt 1&2
	· For the starting frequency point indication, the parameter “msgAPUSCH-FrequencyStart” similar as “msg1-FrequencyStart” for PRACH configuration can be used for option 1 and the single frequency offset with respect to the start of the first RO in frequency can be used for option 2.
· only PUSCH resource allocation type 1 shall be used for msgA PUSCH resource allocation.
· 2-step RACH should support intra-slot frequency hopping for PUSCH in MsgA. 
· For option 1, same msgA periodicity value range as PRACH configuration can be used. Slot level offset is used. For option 2, a slot level time offset with respect to the start of the PRACH slot can be configured.
· Within each PUSCH slot, the starting symbol and the symbols duration for msgA PUSCH occasion can be configured.
· The number of TDMed PUSCH occasion can be configured.
· Psupport both PUSCH front-loaded or preamble front-loaded channel structure

	Qualcomm
	Opt 2
	· The bandwidth used for msgA preamble and payload transmission can be similar or different
· Multiple POs can be configured per PO configuration period, to accommodate different MCS, TBS and waveform
· Resource allocation for PO can be specified relative to RO, by semi-statically or dynamically configured offsets in time and/or frequency domain
· PO bandwidth can be configured proportional to that of RO bandwidth;
· In FR1, PO bandwidth of {3, 6, 12} PRBs can be considered for a 14-symbol slot;
· Slot repetition should be supported.
· Frequency hopping should be supported.

	CAICT
	Down-select
Support Opt 1
	

	KDDI
	
	· Support repetition (independently configured among multiple msgA PUSCH configurations)
· msgA PUSCH configuration including the number of repetitions is selected by UE based on SS-RSRP.
· SS-RSRP threshold for each configuration is broadcasted for UEs to select adequate msgA PUSCH configurations.



1) Selection of opt. 1 and/or opt. 2
The statistics for options of configuration methods are shown as follows:
· Opt 1: supported by 5 companies
Cons: Signalling overhead
· Opt 2: supported by 4 companies
Cons: Potential overlapping/collision issue
· Either opt 1 or opt 2: supported by 5 companies
Cons: May complicate the UE implementation


2) Frequency domain: 
· Frequency offset: 4 companies propose the reference point of frequency offset is the first PRB of the BWP 
· Guard band: 6 companies mention that the guard band may be configurable; 2 companies propose to limit the guard band of maximum 1 PRB; 1 company mention this can be left to gNB implementation; 1 company propose to further introduce subcarrier-level offset for the configuration of guard band.
· Bandwidth: 2 companies support to limit the frequency resource of msgA PUSCH to the bandwidth of PRACH to achieve better channel estimation and facilitate gNB implementation, while 4 companies object to have such limitation with the concern of configuration flexibility and potential collision issue.

3) Time domain: 
The following parameters are mentioned:
· Periodicity for option 1: 3 companies propose to set the periodicity of msgA PUSCH with the same value range as the PRACH, 1 company propose to configure the periodicity of PUSCH not smaller than PRACH
· Offset(s) for opt 1: 5 companies mention the offset(s) is/are the slot(s) indication; 
· Offset for opt 2: 2 companies propose the offset is with respect to the start of PRACH slot (or the start of subframe or 60 kHz slot, in case there are 2 PRACH slots in the subframe or 60 kHz slot); 1 company propose the offset is with respect to the last RO of the RACH slot
· Time domain resource allocation: the following parameters are mentioned
· SLIV (starting symbol, number of symbols per PO), and
· Number of TDMed POs, or 
· Number of time domain POs within a slot, number of PUSCH slots.
· Guard time: 4 companies propose the guard time should be explicitly configured if there are multiple time domain POs within a slot. 2 companies think the guard time may be left to gNB implementation.

4) Repetition
4 companies support repetition with the motivation to enhance the PUSCH coverage.
3 companies do not support repetition with the concerns of additional overhead need for 2-step RACH procedures.

5) Frequency hopping
3 companies support intra-slot frequency hopping.

Based on the above, we have the following proposals and recommendations.
The following has been agreed during online session.
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


FL recommendation: 
· Defer the following decisions after the detailed time/frequency resource configurations are clearer.
· Whether or not to support repetition of msgA PUSCH
· Whether or not to support frequency hopping of msgA PUSCH
· Whether the frequency resource of msgA PUSCH should be limited to the bandwidth of PRACH


Multiple configurations
It was agreed in the last meeting to support multiple msgA PUSCH configurations for a UE.
The remaining issue is how many configurations are to be supported, and how to indicate the configurations. Companies’ views are summarized in Table 2.

Table 2 Companies views on multiple msgA PUSCH configurations
	Company
	Preamble group
	DMRS
	Different ROs
	UCI
	Implicitly in mapping

	Huawei
	☆
	☆
	
	
	

	ZTE
	☆
Up to 4
	
	
	
	

	Nokia
	☆
Up to 2
	
	
	☆
3 or more
	

	Samsung
	☆
	
	
	
	

	Intel
	☆
	
	☆
	FFS
	

	LGE
	☆
	☆
	
	
	

	Sierra
	
	
	
	
	☆

	Sony
	
	
	
	☆
	

	Panasonic
	☆
small
	
	
	☆
large
	

	CMCC
	☆
	
	
	
	

	OPPO
	☆
	
	☆
	
	

	CAICT
	☆
	
	☆
	
	

	KDDI
	☆
	
	
	
	

	Qualcomm
	☆
	
	☆
	
	



In addition, two companies share their views regarding the common parameters:
Nokia: Each MsgA PUSCH configuration is configured independently, such that there is no sharing of parameters between configurations
Sierra: The number of DMRS symbols/ports/sequences is NOT common to all the multiple PUSCH configurations
Qualcomm: multiple POs can be configured per PO configuration period, to accommodate different MCS, TBS and waveform;


Based on the above, we have the following proposals:
Proposal 2:
· 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


Proposal 2a:
· For RRC_INACTIVE/IDLE state, support up to N msgA PUSCH configurations for Rel.16 (FFS N)
· If N = 2, using different preamble sequence groups for the indications of different configurations
· If N>2, FFS the following mechanism 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



MCS/TBS/Resource size
TBS: 
1) 56 and 72 bits
HW, Nokia
2) 56, 72, and up to around 1000 bits
Qualcomm
3) 56, 72 bits for RRC_inactive/idle, UE-specific RRC signalling for RRC_connected
ZTE, OPPO

MCS:
ZTE: 2bits, {0,2,4,6} or {0,3,6,8}
LGE: QPSK only and one or two MCS levels
Apple: QPSK only
Qualcomm: QPSK for CP-OFDM, pi/2-BPSK and QPSK for DFT-s-OFDM
Ericsson: A range of lower MCS index values in low spectra efficiency MCS table.

Resource size:
ZTE: {1,2,3,6} PRBs
QC: {3,6,12} PRBs for FR1.

FL recommendation: 
· Further discuss the value ranges after more companies share their views.


Validation rule of msgA PUSCH
Companies’ views on the validation of msgA PUSCH occasions are summarized in Table 3.
Table 3 Companies views on the validation of msgA PUSCH occasions
	Company
	Validation rule

	Huawei
	Similar validation rule with respect to slot configuration and SSB reception symbol as that for traditional RACH can be applied for both RO and PO in 2-step RACH. 
In addition, when there is overlap between a PO and a valid RO, the PO should be invalid. For PO configuration, if a PO span across the slot boundary according to the configuration, it can be considered as an invalid PO.

	vivo
	Similar as PRACH
· If UE is configured with cell-specific TDD configuration, a PUSCH occasion is valid if it is within the UL symbols indicated by the cell-specific TDD configuration.
· If UE is configured with UE-specific TDD configuration, a PUSCH occasion is valid if it is within the UL symbols indicated by the UE-specific TDD configuration and following conditions are satisfied.
· It does not precede a SSB in the slot containing the PUSCH occasion
· If it starts at least Ngap_PUSCH symbols after a last DL symbol, where Ngap_PUSCH is predefined
UE transmits msgA PRACH or msgA PUSCH when either PRACH occasion or the corresponding PUSCH occasion is valid

	ZTE
	The PO will be consider as invalid if it overlaps with any RO, or conflicts with the UL/DL direction. 
For the handling of invalid PO, down-select from the following solutions
	Solution 1: ignore the invalid PO in the mapping design
	Solution 2: constrain the UE not to use the invalid PO but still transmit preamble 
	Solution 3: also consider the corresponding preamble as invalid

	Nokia
	Follow Rel-15 PRACH Occasion validation principles for the MsgA PUSCH Occasions.
If a MsgA PUSCH Occasion or a 2-step PRACH Occasion collides with existing 4-step PRACH Occasions, the existing 4-step PRACH Occasions should take priority. If MsgA PUSCH Occasion collides with a 2-step PRACH Occasion, the 2-step PRACH Occasion should take priority

	DOCOMO
	The validation rule for MsgA PUSCH occasion 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 PUSCH occasion based on location of MsgA RACH occasion is defined

	Qualcomm
	msgA PO validation should consider at least the following criteria:
· transmission gap between msgA preamble and msgA payload
· RSRP measurements and SSB-to-msgA association pattern
· msgA payload size and maximum TBS supported by PO
· UE capabilities



Based on the above, we have the following proposals:

Proposal 3:
· Validation rule for 2-step RACH occasion follows that for 4-step RACH occasion
· A 2-step PUSCH occasion is considered as valid if the following criteria are satisfied
· it does not overlap with any 4-step or 2-step RACH occasions, and
· it does not span across the slot boundary (TBD depends on proposal 1), and
· it starts at least  symbols after the associated RACH occasion  (TBD depends on proposal 1), 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 PRACH slot and starts at least  symbols after a last downlink symbol and at least  symbols after a last SS/PBCH block transmission symbol
· FFS whether  needs to be revisited
· FFS other criteria

Others
[Configurations of 2-step RO will be handled in 7.2.1.2]
Samsung [8459], LGE [8691], CMCC [8860], Qualcomm [9239]


Detailed mapping between PRACH preamble and PUSCH resource unit
Association between msgA PRACH and PUSCH
There are two different methods to define the associate the msgA PUSCH with PRACH.
Alt.1: define the mapping between RACH preambles and PRUs, the SSB-to-PO association is indirectly determined
HW, ZTE, Nokia, Samsung (for opt 2)

Alt.2: first define the SSB to PO mapping, and then define the mapping between RACH preambles and PRUs that are associated with the same SSB
vivo, Samsung (for opt1)

For Alt.1 the association period should be defined if the msgA PUSCH is separately configured
· Alt. 1.1: HW
· MsgA association period is PRACH configuration period, starting from SFN=0
· Alt. 1.2: HW
· MsgA association period is PUSCH configuration period, starting from the first slot after the last PO of each PUSCH configuration period
· Alt. 1.3: ZTE
· if RACH configuration period <= PUSCH configuration period, the duration of the association period is equal to the PUSCH configuration period, and the mapping starts from the first RO after the first PO within the PUSCH configuration period;
· if RACH configuration period > PUSCH configuration period, the duration of the association period is equal to the RACH configuration period, and the mapping starts from the first RO within the RACH configuration period;
· In case of multiple configuration periods, a unique association period is required for the association between RO and each PO configuration.

Considering the workload and the impact on the detailed mapping design, we should try to down-select between the two alternatives in this meeting.
Proposal 4:
· Down-select between the following in RAN1#98:
· Define the mapping between RACH preambles and PRUs, and the SSB-to-PO association is indirectly determined
· FFS the association period for option 1 configuration (TBD depends on proposal 1)
· Define the SSB to PO mapping, and then define the mapping between RACH preambles and PRUs that are associated with the same SSB


Mapping order
1) The mapping order of PRACH preambles 
4 companies propose that the ordering of PRACH preambles can follow that of SSB to RO mapping
HW, ZTE, CAICT, OPPO
2) The mapping order of PRUs 
Alt.1: 6 companies propose that the ordering of PRUs follow the similar principle as PRACH preambles follow the similar principle as RO (code domain first, frequency domain next, time domain last)
HW, vivo, ZTE, DOCOMO, CAICT, OPPO
Alt.2: 1 company propose to have PO size in the ordering, i.e. PUSCH RUs are ordered first by DMRS antenna ports and/or scrambling, then by frequency, then by PUSCH occasion size, then by time
Ericsson

In addition, two companies (Ericsson and LGE) mention how to select a subset of DMRS ports if the configured number of DMRS ports is less than the total number.

Proposal 5:
· The ordering of the PRACH preambles 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 DMRS indexes within a single PUSCH occasion
· FFS DMRS indexing, e.g. port first or sequence first
· FFS how to select a subset of DMRS ports if the configured number of DMRS ports is less than the total number
· Second, in increasing order of frequency resource indexes for frequency multiplexed PUSCH occasions
· 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
· FFS whether to have PO size or configuration index in the ordering (TBD, depends on proposal 2)

PUSCH Resource Unit (PRU) definition and Mapping Ratio
	
Regarding the definition of PRU, the majority view is to support sequences at least for CP-OFDM waveform. Simulation results from 5 companies (HW, vivo, ZTE, Intel, Ericsson) show certain level of performance gain of using multiple sequences compared with using single DMRS sequence under potential collision given the same PO overhead resource reduction benefit. Still there is concern on the potential specification work load and inter-cell interference management issue under circumstances of particularly a large number of DMRS sequences supported. Simulation results from 5 companies (Sony, Panasonic, Nokia, Samsung, Qualcomm) also demonstrate certain level of performance degradation of using sequences to distinguish multiplexed UEs compared with using ports as differentiator. The number of sequences to be supported have been mentioned varying from {1,2,4,8} by at least 4 companies (HW,ZTE, LGE, Intel)

Under DFT-S-OFDM waveform, there is no converged view on whether or how to support multiple sequences. 

Regarding the mapping ratio, majority view is that both multiple to 1 and 1 to 1 mapping is supported. 1 to multiple mapping have been mentioned by several companies for scenarios where frequency hopping and repetition is supported for msgA PUSCH (Interdigital, Qualcomm) and uplink timing information by the MsgA preamble is not needed (DoCoMo).

Detailed views are captured in Table 4.

Table 4: Companies’ preferences on PUSCH resource unit and mapping ratio.
	Company
	DMRS port/sequence for PRU
	Mapping ratio:
Preamble to PRU

	Huawei
	Both DMRS ports and sequences
CP-OFDM: multiple scramblingID can be configured
DFT-s-OFDM: multiple nPUSCH-Identity can be configured 
with simulation results
	1-to-1

	vivo
	Both DMRS ports and sequences
CP-OFDM: DMRS scrambling parameters for PUSCH of msgA is determined based on preamble index associated with the PUSCH of msgA, or SSB index, which are associated with the PUSCH of msgA
DFT-s-OFDM: [image: ] is determined based on preamble index, or SSB index
with simulation results
	1-to-1

	ZTE
	Both DMRS ports and sequences (up to 2 as starting point) for CP-OFDM
FFS for DFT-s-OFDM
with simulation results
	multiple-to-1 {1,2,4,8}

	Fujitsu
	
	1-to-1, considering Multiple-to-1 and 1-to-multiple

	InterDigital
	
	1-to-1, multiple-to-1, and 1-to-multiple (for repetition)

	Nokia
	DMRS port only
with simulation results
	1-to-1, multiple-to-1

	Samsung
	DMRS port only
with simulation results
	1-to-1, multiple-to-1

	Intel
	For CP-OFDM waveform, support both DMRS AP and DMRS sequence. The maximum number of sequences is 2. 
For DFT-s-OFDM waveform, support DMRS AP only. 
with simulation results
	1-to-1, multiple-to-1

	LGE
	For CP-OFDM waveform, support both DMRS ports and sequences (maximum 2).
For DFT-s-OFDM, support DMRS port only.
(only type 1 DMRS which is a mandatory feature should be applied for msgA PUSCH, maximum number of ports is 4)
	

	Sierra
	
	1-to-1, multiple-to-1

	Sony
	Both DMRS ports and sequences
with simulation results
	1-to-1, multiple-to-1

	Panasonic
	Both DMRS ports and sequences at least for CP-OFDM
with simulation results
	1-to-1, multiple-to-1

	Ericsson
	Both DMRS ports and (working assumption) sequences for CP-OFDM
 can be a function of cell ID, corresponding preamble ID, an index of the PRU, or the number of distinct PO sizes
FFS for DTF-s-OFDM. 
 may be determined based on the preamble ID and/or the ID of the PRU
with simulation results
	1-to-1, multiple-to-1 (convey MCS)

	DOCOMO
	
	1-to-1, multiple-to-1, and 1-to-multiple (if only UE-ID is transmitted by msgA PUSCH)

	OPPO
	Both DMRS ports and DMRS sequences
	1-to-1, multiple-to-1

	Qualcomm
	Both DMRS ports and sequences.
The scrambling ID for DMRS sequence generation/configuration should include the cell ID and the preamble ID
with simulation results
	1-to-1, multiple-to-1, and 1-to-multiple (for repetition and frequency hopping)

	CAICT
	
	1-to-1, multiple-to-1 (implicit derived)




Based on the above, we have the following compromised proposal on the mapping between PRACH preamble and associated PRUs.

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

1.1 Scrambling RNTIAgreements:
· The c_init for msgA PUSCH scrambling is at least derived based on a RNTI, preamble index, and/or n_ID (which can be  cell ID or configurable, to be FFS).
· FFS details of the RNTI
· FFS the inclusion of DMRS index.


More details on the scrambling ID designs are shared in this meeting, including:
1) On n_RNTI
· Opt 1: n_RNTI = RA-RNTI + k * RAPID
HW, vivo (or +SSB), InterDigital, Samsung, Ericsson, OPPO, Qualcomm
· Opt 1a: n_RNTI = RA-RNTI + k * DMRS_ID
Qualcomm, Sony, InterDigital (if 1-to-multiple mapping between preamble and PRU is supported)
· Opt 2: c_init = RA-RNTI*2^15 + RAPID*2^9 + n_ID
ZTE
· Opt 3: n_RNTI = RA-RNTI or msgB-RNTI
Intel
· Opt 4: n_RNTI  = RA-RNTI for RRC_INACTIVE/IDLE, n_RNTI = C-RNTI for RRC_CONNECTED
LGE, Sony 

2) On n_ID:
· Opt 1: n_ID follows the same definition as in Rel.15
Huawei, ZTE, Intel, InterDigital, Qualcomm
· Opt 2: replace n_ID by RAPID
LGE

Considering that all the proposed options can work equally well in terms of UE-specific randomization, it would be advisable to follow the majority’s view and choose the simplest one. Therefore we have the following proposal:

Proposal 7:
· The initialization ID for msgA PUSCH scrambling is derived as , where 
·  = RA-RNTI + RAPID 
· FFS whether or not to replace the RAPID by DMRS index, if 1-to-multiple mapping between preambles and PRUs is supported.
·  equals the higher-layer parameter dataScramblingIdentityPUSCH if configured; otherwise  

1.2 Waveform&Numerology
Companies’ views on the waveform and numerology are listed in Table 4.
For waveform, the remaining issue is whether to follow msg3 or separately configured in SI. 
For numerology, a remaining issue is whether to support PRACH and PUSCH in the same slot for msgA transmission. And if supported, the numerology of msgA PUSCH should be down-selected from the following three options. · 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


Table 4 Companies’ view on the waveform and numerology for msgA PUSCH
	Company
	Indication of waveform
	PRACH and PUSCH in the same slot (and if supported which option is preferred)

	Huawei
	Follow msg3 or  separately configured
	Not support
FFS for NR-U
Numerology of MsgA PUSCH should be the same as the BWP.

	vivo
	
	Support for NR-U
Opt 1

	ZTE
	Separately configured,
If not configured, follow msg3
	Support for NR-U
Opt 3

	Samsung
	Follow msg3
	Not support
Clarify the slot is defined by the min{preamble SCS, UL BWP SCS}.”

	Intel
	
	Support
Opt 1

	LGE
	
	Support 
Opt 2

	Sierra
	
	Support
Either Opt 1 or Opt 2

	Panasonic
	Separately configured or follow msg3
	Opt 3 


	Ericsson
	Separately configured
	Opt 1
Also support a separately configured numerology of the msgA PUSCH

	OPPO
	Separately configured
	

	KDDI
	Separately configured
	

	Qualcomm
	Per PO configuration
	Support for NR-U





Proposal 8:
· Use a separate parameter “msgA-transformPrecoder” to indicate the waveform of msgA PUSCH
· If the parameter is not configured, msgA PUSCH follows the waveform of msg3.

FL recommendation: 
· Clarify the slot in the previous agreement, “Support the PRACH and PUSCH for msgA transmission in different slots”, is defined by min{preamble SCS, UL BWP SCS}.
· FFS whether or not support PRACH and PUSCH in the same slot and the numerology in such case, until the NR-U channel access design is clearer.


Others
Please feel free to list any missing point in the following table.
	Company
	View

	
	

	
	




Summary
The following proposals will be further discussed offline.

Proposal 2:
· At least support up to two msgA PUSCH configurations
· Using different preamble groups for the indications of different configurations
· FFS whether or not support more than two configurations
· FFS UCI based indication if supported
· FFS the configuration for RRC_CONNECTED state

Proposal 3:
· Validation rule for 2-step RACH occasion follows that for 4-step RACH occasion
· A 2-step PUSCH occasion is considered as valid if the following criteria are satisfied
· it does not overlap with any 4-step or 2-step RACH occasions, and
· it does not span across the slot boundary (TBD depends on proposal 1), and
· it starts at least  symbols after the associated RACH occasion  (TBD depends on proposal 1), 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 PRACH slot and starts at least  symbols after a last downlink symbol and at least  symbols after a last SS/PBCH block transmission symbol
· FFS whether  needs to be revisited
· FFS other criteria

Proposal 4:
· Down-select between the following in RAN1#98:
· Define the mapping between RACH preambles and PRUs, and the SSB-to-PO association is indirectly determined
· FFS the association period for option 1 configuration (TBD depends on proposal 1)
· Define the SSB to PO mapping, and then define the mapping between RACH preambles and PRUs that are associated with the same SSB

Proposal 5:
· The ordering of the PRACH preambles 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 DMRS indexes within a single PUSCH occasion
· FFS DMRS indexing, e.g. port first or sequence first
· FFS how to select a subset of DMRS ports if the configured number of DMRS ports is less than the total number
· Second, in increasing order of frequency resource indexes for frequency multiplexed PUSCH occasions
· 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
· FFS whether to have PO size or configuration index in the ordering (TBD, depends on proposal 2)

Proposal 7:
· The initialization ID for msgA PUSCH scrambling is derived as , where 
·  = RA-RNTI + RAPID
· FFS whether or not to replace the RAPID by DMRS index, if 1-to-multiple mapping between preambles and PRUs is supported.
·  equals the higher-layer parameter dataScramblingIdentityPUSCH if configured; otherwise  

Proposal 8:
· Use a separate parameter “msgA-transformPrecoder” to indicate the waveform of msgA PUSCH
· If the parameter is not configured, msgA PUSCH follows the waveform of msg3.
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Appendix A Agreements in previous meetings
In RAN1 #96, #96bis and #97 meetings, the following agreements related to the channel structure were achieved.
Agreements:
· PUSCH occasion for 2-step RACH is defined as
· The time-frequency resource for payload transmissions
· Consider the following methods for PUSCH occasion of msgA transmission:
· Opt 1: PUSCH occasions are separately configured from PRACH occasions
·    For one PUSCH occasion, it is derived based on:
· Alt 1: reuse the resource allocation for NR configured grant in principle
· Alt 2: other potential configurations (i.e., reuse semi-static SFI + BWP,  reuse PRACH RO, etc.)
·    FFS detailed association rule between the PRACH and PUSCH for msgA transmission
· Opt 2: Specify/configure the relative location (in time and/or frequency) of the PUSCH occasion with respect to the associated PRACH occasion
·    Alt 1: Time/frequency relation between PRACH preambles in PRACH occasion(s) and PUSCH occasions are single specification fixed value.
·    Alt 2: Time/frequency relation between each PRACH preamble in PRACH occasion(s) to the PUSCH occasion is single specification fixed value. Different preambles in different PRACH occasions can have different values.
·    Alt 3: Time/frequency relation between PRACH preambles in PRACH occasion(s) and PUSCH occasions are single semi-statically configured value.
·    Alt 4: Time/frequency relation between each PRACH preamble in PRACH occasion(s) to the PUSCH occasion is semi-statically configured value. Different preambles in different PRACH occasions can have different values.
·    Note: The time and frequency relation is not required to be the same alternative.
· FFS detailed mapping between preamble and PUSCH resource + DMRS
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.
Agreements:
· Both DFT-s-OFDM and CP-OFDM are supported for the payload transmission in msgA
· FFS how to indicate/configure the waveform 
· Consider the following numerology for msgA PUSCH (for possible down-selection)
· Alt 1: ​follow the numerology configured for the UL BWP
· FFS initial vs. active UL BWP
· Alt 2:  same as msgA preamble numerology at least for some cases
· i.e., when short preamble is used (L=139)
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
Agreements:
· The beam association rule between SSB and RACH occasion of 4-step RACH is to be used for 2-step RACH
· FFS beam association for PUSCH

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


Agreements:
· The c_init for msgA PUSCH scrambling is at least derived based on a RNTI, preamble index, and/or n_ID (which can be  cell ID or configurable, to be FFS).
· FFS details of the RNTI
· FFS the inclusion of DMRS index.

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

Agreed evaluation assumptions:
	Parameters
	Values

	Scenario
	1) For evaluation of schemes: 200m, UMi, 4 GHz.  FFS: 500m, UMa, 4 GHz.
2) For evaluation of payload size: 200m, UMi, 4 GHz; or 500m, UMa, 4 GHz; or 1732m, RMa, 700 MHz; or 25km, RMa, 700 MHz.
Other values can be reported if applicable. Note: this does not restrict preamble format selection.

	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

	Waveform (data part)
	CP-OFDM, or DFT-s-OFDM

	Subcarrier spacing for PUSCH
	15kHz at 700MHz, 30/60kHz at 4 GHz, 120kHz at 30GHz

	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

	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

	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.

	Traffic model
	Full buffer

	UE antenna configuration
	1Tx. FFS: 2 Tx

	gNB antenna configuration
	2Rx or 4Rx, 8Rx as optional

	Propagation channel & UE velocity
	TDL/CDL-A 30ns, or TDL/CDL-C 300ns, 3km/h or 30km/h

	Timing offset
	Uniform [0, RTT]. 

	Frequency offset
	0.05ppm (fixed) at TRP, and 0.1 ppm (fixed) at UE

	Max number of HARQ transmission
	1 as starting point, other values are not precluded and company should report the details of HARQ

	Receiver
	MMSE-IRC as baseline

	Channel estimation
	Realistic for both channel estimation and TO/FO estimation.
Ideal can be considered for calibration, if needed.

	 Target BLER
	[10%, 1%] for 1st transmission of msgA as starting points. 

	Performance metrics
	1) Missed detection probability vs. SNR for a given false alarm rate, e.g. 0.1%;
2) BLER vs. SNR; MCL can be reported using link budget calculations.
3) Optional: False alarm probability vs. SNR





Appendix B: Companies' proposals related to channel structure
	Company
	View

	Huawei
[R1-1908033]
	Observation 1: Resource configuration for PO groups can reduce the signaling overhead.
Observation 2: Supporting multiple DMRS sequences can achieve better BLER performance, smaller PRU collision probability and latency.
Observation 3: One-to-one mapping between preamble and PUSCH is sufficient. There is no evidential benefits to support many-to-one mapping.

Proposal 1: Option 1 with separate PUSCH resource configuration from PRACH resource is supported.
Proposal 2: For time domain resource allocation of POs in one PO group, further study and down select from the following alternatives: 
· Alternative 1: configure SLIV, number of TDMed POs, and guard period;
· Alternative 2: configure SLIV, number of PO slots, number of time domain POs in each PO slot, and guard period.
Proposal 3: For frequency domain resource allocation of POs in one PO group, the following parameters can be considered: RIV, number of FDMed POs, and/or guard band.
Proposal 4: The validation rule of ROs and POs should be specified for 2-step RACH, and when there is overlap between a PO and a valid RO, the PO should be invalid.
Proposal 5: The time-frequency resource of PUSCH occasion does not include guard band and guard period.
Proposal 6: Multiple DMRS sequences for one PUSCH occasion should be supported.
Proposal 7: To support multiple DMRS sequences, multiple scramblingID can be configured when transform precoding is disabled, and multiple nPUSCH-Identity can be configured when transform precoding is enabled.
Proposal 8:  Further study how to support multiple PUSCH configurations concerning signaling overhead. 
Proposal 9: At least support the TBS of 56 or 72 bits for one PUSCH configuration.
Proposal 10: The number of supported MCS levels and resource size should be limited. 
Proposal 11: Support indication of multiple PUSCH configuration by preamble groups and/or DMRS ports/sequences.
Proposal 12: Transmit PRACH and PUSCH in the same slot is not supported.
Proposal 13: MsgA association period should be defined and all the preambles used for 2-step RACH should be mapped at least once to the PRUs within MsgA association period.
Proposal 14: Update the Working Assumptions to support one-to-one mapping between preamble and PUSCH resource for 2-step RACH. No support of many-to-one mapping unless there is evidential benefit verified. 
Proposal 15: The mapping order of PRUs can be DMRS index, frequency resource, and time resource. 
Proposal 16: The timing for MsgA PRACH and PUSCH transmission should be both assumed as . 
Proposal 17: RA-RNTI, DMRS index, and configurable scrambling ID(s) can be considered for the generation of the scrambling sequence for MsgA PUSCH.
Proposal 18: The numerology of MsgA PUSCH should be the same as the BWP for MsgA transmission.
Proposal 19: UCI piggyback in MsgA PUSCH is not supported in R16.

	
	

	vivo [R1-1908134]
	Observation 1: One-to-one mapping between preambles and DMRS port + individual DMRS sequence achieves better performance with BLER target 10-2 compared to multiple-to-one mapping between preambles and DMRS port with the same DMRS sequence.
Observation 2: In case of one-to-one mapping, case 3 with PO of 6 PRBs and 8 scrambling IDs per DMRS port has better performance than that of case 4 with 2 POs of 3 PRBs per PO and 4 scrambling IDs per DMRS port.

Proposal 1: DMRS port and DMRS sequence are supported for the definition of PUSCH resource unit. 
· Multiple DMRS sequences can be configured for a DMRS port in a PUSCH occasion
· It is configurable that a PUSCH resource unit is defined by DMRS port or DMRS port/DMRS sequence.
Proposal 2: PUSCH resource unit is ordered according to the DMRS sequence index, DMRS port index and PUSCH occasion index.
Proposal 3: Support one or multiple PUSCH occasions are associated with a set of SSB
· Mapping ratio between SSBs and PUSCH occasions is configured by higher layer, e.g. N SSB is associated with M PUSCH occasions.
Proposal 4: When multiple FDMed PUSCH occasions are configured, support
· one configuration where all FDMed PUSCH occasions get mapped to the same SSB, where different SSBs are associated with different PUSCH occasions in time domain
· one configuration where all FDMed PUSCH occasions get mapped to one set of SSBs
Proposal 5: When multiple PUSCH resource units are configured in a PUSCH occasion and multiple SSB are associated with the PUSCH occasion, support
· one configuration where all PUSCH resources units within a PUSCH occasion get mapped to one set of SSBs
· one configuration where all PUSCH resource units within a PUSCH occasion get mapped interlaced to one set of SSBs
· The interlaced interval L for PUSCH resource units is configurable.
Proposal 6: Define association rule for one-to-one mapping between PUSCH resource units and preambles.
· Step 1: the SSBs are mapped to groups of PUSCH occasions in increase order of SSB, where each group of PUSCH occasions contains M PUSCH occasions
· Step 2: The preambles of a given SSB are mapped to PUSCH resource units according the following order.
· First, in increasing order of PUSCH resource units corresponding to a PUSCH occasion, with interlaced interval for PUSCH resource units = L (L>=1)
· Second, in increasing order of PUSCH occasion indexes for a group of PUSCH occasions
Proposal 7: Forward compatibility should be taken into account for design of 2-step RACH.
Proposal 8: For msgA PUSCH, similar mechanism as PRACH validation rule for msgA PUSCH can be adopted.
· If UE is configured with cell-specific TDD configuration, a PUSCH occasion is valid if it is within the UL symbols indicated by the cell-specific TDD configuration.
· If UE is configured with UE-specific TDD configuration, a PUSCH occasion is valid if it is within the UL symbols indicated by the UE-specific TDD configuration and following conditions are satisfied.
· It does not precede a SSB in the slot containing the PUSCH occasion
· If it starts at least Ngap_PUSCH symbols after a last DL symbol, where Ngap_PUSCH is predefined

Proposal 9: UE behavior of msgA transmission according to the validation of PRACH occasion and PUSCH occasion needs to be specified.
· UE transmits msgA PRACH or msgA PUSCH when either PRACH occasion or the corresponding PUSCH occasion is valid
Proposal 10: For PRACH and PUSCH for msgA, consecutive and non-consecutive time domain resources for PRACH and PUSCH are allowed.
Proposal 11: Support PRACH and PUSCH in the same slot for msgA transmission.
Proposal 12: From UE perspective, all available FDMed PUSCH occasions for RRC idle/inactive states are configured within the initial active UL BWP.
Proposal 13:  In case of PRACH and PUSCH for msgA transmission in the same slot, support option 1, i.e. the numerology for msgA PUSCH follows that of msgA preamble.
Proposal 14: When multiple msgA PUSCH configurations are configured, PUSCH occasions of different msgA PUSCH configurations can be configured with different time/frequency resources and/or different MCS/TBS.
Proposal 15: For the determination of PUSCH scrambling ID for a msgA PUSCH transmission,
· For nID determination for PUSCH of msgA, nID equals to dataScramblingIdentityPUSCH if configured otherwise nID equals to cell ID.
· For nRNTI, it equals to RA-RNTI that is incorporated with preamble index (RAPID), or SSB index. 
Proposal 16: When transform precoding is disabled, DMRS scrambling parameters for PUSCH of msgA is determined based on preamble index associated with the PUSCH of msgA, or SSB index, which are associated with the PUSCH of msgA.
Proposal 17: When transform precoding is enabled, DMRS sequence group number for PUSCH of msgA is determined based on preamble index associated with the PUSCH of msgA, or SSB index, which are associated with the PUSCH of msgA.
Proposal 18:  For determination of TA for PUSCH of msgA, option 2 is supported, i.e. TA = 0 for PRACH and PUSCH in idle/inactive states; TA = available TA for at least PUSCH in connected state. 
· FFS whether the same or different TAs for PRACH and PUSCH of msgA in connected state.

	ZTE
[R1-1908181]
	Proposal 1: 
· Considering the following value ranges for the parameters of frequency resource allocation of msgA PUSCH.
· The frequency starting point can be defined as the offset with respect to PRB0 in the BWP, which is common for both opt 1 and opt 2 resource configuration;
· Number of FDMed POs can be set from {1,2,4,8};
· Number of PRBs per PO can be set from {1,2,3,6} PRBs for 56/72bits payload transmission under RRC_IDLE/INACTIVE state; 
· For UP data transmission in RRC_CONNECTED state, using UE-specific RRC configurations for the signalling of at least MCS (or TBS) and number of PRBs per PO;
· The guard band between adjacent POs in frequency can be set from {0, 1} PRB.
· Support to limit the frequency resource of msgA PUSCH with the total bandwidth of PRACH. And the frequency starting point for opt 2 is defined as the offset with respect to the starting of the first RO.
Proposal 2: 
· Adopt the following parameters for time domain resource allocation of msgA PUSCH.
· For opt 1, the periodicity can share the same value range as that for PRACH; the offset(s) is/are defined as the index(-es) of slot(s) within the frame; the resource allocation within the slot can be configured via SLIV-based indication
· For opt 2, the single time offset respect to each PRACH slot is determined by an explicitly configured slot-level time offset and the starting symbol is implicitly configured by SLIV; the number of symbols per PO is also configured by SLIV-based indication.
· FFS multiple TDMed POs within a slot.
· The configuration of guard time is up to gNB implementation.
Proposal 3: 
· The PO will be consider as invalid if it overlaps with any RO, or conflicts with the UL/DL direction. 
· For the handling of invalid PO, down-select from the following solutions
· Solution 1: ignore the invalid PO in the mapping design
· Solution 2: constrain the UE not to use the invalid PO but still transmit preamble 
· Solution 3: also consider the corresponding preamble as invalid
Proposal 4: 
· Multiple configurations are indicated by different preamble groups. The number of configurations may be limited, e.g. up to 4.
· Multiple configurations are mainly used to convey the information of MCS levels. For each configuration, two bits may be used to indicate the MCS, and the value range can be set as {0,2,4,6} or {0,3,6,8}.
Proposal 5: 
· For separate PUSCH configuration, adopt the following association period and starting point definition for mapping between preamble and PRU.
· if RACH configuration period <= PUSCH configuration period, the duration of the association period is equal to the PUSCH configuration period, and the mapping starts from the first RO after the first PO within the PUSCH configuration period;
· if RACH configuration period > PUSCH configuration period, the duration of the association period is equal to the RACH configuration period, and the mapping starts from the first RO within the RACH configuration period;
· In case of multiple configuration periods, a unique association period is required for the association between RO and each PO configuration.
Proposal 6: 
· The ordering of PSUCH resource unit in a PO group should be 
· First, in increasing order of DMRS indexes within a single PUSCH occasion
· Second, in increasing order of frequency resource indexes for frequency multiplexed PUSCH occasions
· Third, in increasing order of time resource indexes for time multiplexed PUSCH occasions
· FFS the relationship between DMRS indexes and DMRS port/sequence
Proposals 7:
· For the definition of PRU, support both DMRS ports and DMRS sequences at least for CP-OFDM
· FFS how to support multiple sequences for DFT-s-OFDM
· Support 2 DMRS sequences as the starting point.
· A given UE’s initializer is related to its preamble index.
·  FFS larger number of DMRS sequences
· Consider preamble root index in DMRS sequence generation.
Proposals 8:
· 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 signaled with the value range {1,2,4,8}.
· FFS 1-to-multiple mapping
Proposals 9:
· Further study the necessity of introducing SSB to PO mapping
Proposal 10：
· 
Incorporate preamble index in the c_init calculation for the scrambling initialization ID, e.g. 
Proposal 11:
· The waveform for msgA PUSCH is indicated by parameter “msgA-transformPrecoder”, and if the field is absent, reuse the value as “msg3-transformPrecoder”.
Proposal 12:
· Postpone the decision of whether to support repetition or frequency hopping after the basic channel structure is functionally complete.
Proposal 13: 
· Reuse the msgA channel structure as much as possible for NR-U applications
· Support msgA PRACH and PUSCH in the same slot for NR-U. And adopt opt 3 for the configuration of numerology: a UE is not expected to be configured with different numerology among PRACH preamble, msgA PUSCH and UL BWP for msgA transmission
· FFS additional considerations on the configuration parameter and mapping ordering, in case interlaced PUSCH is supported in NR-U.

	Fujitsu
[R1-1908211]
	Proposal 1: Confirm the working assumption on the support of one-to-one mapping between a preamble and a PUSCH resource unit. To save PUSCH overhead, it should be supported that different PUSCH resource units share the same PUSCH occasion but are associated with different DM-RS ports.
Proposal 2: Multiple-to-one mapping can be considered only when intending to support a UE number larger than the number of PUSCH resource units. Whether to support it should be subject to the evaluation results including at least a case where the number of UEs is assumed to be larger than the number of PUSCH resource units.
Proposal 3: When the number of preambles available for two-step RACH is limited, e.g. two-step RACH and four-step RACH share preambles in a PRACH occasion, one-to-multiple mapping can be considered to support a UE number larger than the number of preambles. Whether to support it should be subject to further evaluations on potential issues such as gNB blind decoding, TA estimation and so on. 

	InterDigital
[R1-1908230]
	Proposal 1: Confirm working assumption to support one-to-one and multiple-to-one mapping.
Proposal 2: Support one-to-multiple mapping.  
Proposal 3: The frequency resources are not limited to the PRACH bandwidth. 

	Nokia
[R1-1908341]
	Observation 1: Having separate configuration for PRACH Occasions and PUSCH Occasions of MsgA can increase the amount of configuration signalling.
Proposal 1: Perform a selection between the two options for PRACH configuration for 2-step RACH such that only one option is supported.
Proposal 2: For the configuration of PUSCH Occasions it is preferred to have the location of the PUSCH Occasion in time and frequency configured relative to the location of the corresponding PRACH Occasion or PRACH slot (option 2).
Proposal 3: MsgA PUSCH should not support repetition.
Proposal 4: Support the configurable existence of a frequency domain guard band of at maximum 1 PRB.
Proposal 5: Support a gNB configurable guard time with the following range: {0, 1, 2, 4, 6, 8, 12, 16} symbols.
Proposal 6: Support MsgA PUSCH mapping type A and type B for 2-step RACH.
Proposal 7: Offset between PRACH Occasion and PUSCH Occasion is defined relative to the start of subframe or 60 kHz slot, in case there are 2 PRACH slots in the subframe or 60 kHz slot
Proposal 8: MsgA PUSCH frequency offset is defined relative to the first PRB of the active BWP.
Proposal 9: The number of symbols for each PO is indicated through explicit indication.
Proposal 10: The number of TDMed POs within a slot is configurable within the range from 1 to 3.
Proposal 11: The number of consecutive slots that may carry TDMed POs should be configurable
Proposal 12: Each MsgA PUSCH configuration is configured independently, such that there is no sharing of parameters between configurations.
Proposal 13: When up to two MsgA PUSCH configurations are provided, use preamble groups to indicate which PUSCH configuration is used.
Proposal 14: With three or more MsgA PUSCH configurations, use UCI to indicate the configuration used for the transmission.
Proposal 15: MsgA PUSCH bandwidth may be larger than the PRACH bandwidth.
Proposal 16: Follow Rel-15 PRACH Occasion validation principles for the MsgA PUSCH Occasions.
Proposal 17: If a MsgA PUSCH Occasion or a 2-step PRACH Occasion collides with existing 4-step PRACH Occasions, the existing 4-step PRACH Occasions should take priority. If MsgA PUSCH Occasion collides with a 2-step PRACH Occasion, the 2-step PRACH Occasion should take priority.
Observation 2: As the number of PRUs per PO increases the incremental benefit of having more PRUs decreases.
Proposal 18: The PUSCH Resource Unit (PRU) within a PUSCH occasion (PO) is only determined by the DMRS port.
Proposal 19: Confirm the working assumption from RAN1#96bis on the mapping of preambles to PUSCH resource units, with multiple-to-one being supported with P preambles mapping to 1 PUSCH resource units.
· Further study the allowed values of P.
Proposal 20: Preambles corresponding to the same SSB mapped to the same PUSCH resource unit can correspond to different narrow beams that are included within the wide beam of the preamble.
Proposal 21: Preambles corresponding to different SSBs and/or ROs can be mapped to the same PUSCH resource unit.
Proposal 22: Prioritize the maximum PUSCH MsgA payload size to 72 bits.

	Samsung
[R1-1908459]
	Observation 1: it’s enough to reuse the current PRACH configuration table for 2step RO configuration.
Observation 2: it’s beneficial to separate the 2step RACH and 4step RACH.
Observation 2: the BLER performance of each DMRS solution is the bottleneck of the expected BLER performance of 2step RACH rather than the preamble collision probability.
Observation 3: the benefits to support different DMRS sequences in PRU definition are not convincing. 
Observation 4: the drawbacks and the burdens to support DMRS sequences are clear.  
Observation 5: it’s beneficial for gNB to detect the preamble first before reception of the PUSCH.
Observation 6: it is beneficial to define the association between RACH resource and PUSCH resource these are associated to the same SSB index.
Proposal 1: 2-step RACH and 4-step RACH use the same PRACH configuration index indicated by gNB.
Proposal 2: waveform indication for msgA PUSCH should follow msg.3 waveform indication. 
Proposal 3: Further clarify the previous agreements “Support the PRACH and PUSCH for msgA transmission in different slots” by adding “where the slot is defined by the min{preamble SCS, UL BWP SCS}.”
Proposal 4: PRACH and PUSCH for msgA transmission in the same slot are not supported, where the slot is defined by the min{preamble SCS, UL BWP SCS}.
Proposal 5: Value range of msgA PUSCH configuration period is also {10, 20, 40, 80, 160} ms. 
Proposal 3: a PUSCH resource unit is defined as consisting of a PUSCH T/F resource unit and a DMRS port, which is used to associate with a PRACH preamble in Msg. A.
Proposal 4: a PUSCH resource unit could potentially include a GP and/or a GB.
Proposal 5: Association between SSB and PUSCH could use similar association rule between SSB and RACH.
Proposal 6: For the definition of a PUSCH resource unit, only DMRS port is supported. 
Proposal 7: a PUSCH resource unit should support including a GP and/or a GB, which can be configured by gNB on a need basis.
Proposal 8: the association rule should be defined between RACH resource and PUSCH resource associated to the same SSB index.
Proposal 9: preamble grouping based solution similar to NR Rel-15, i.e., group A and group B, can be used to map to different TBS/MCS configuration.
Proposal 10: one-to-multiple mapping between preambles in each RO and associated PUSCH resource unit are not supported.
Proposal 11: the association rule should be defined between RACH resource and PUSCH resource associated to the same SSB index.
Proposal 12: the gap value is configured between the last RO of the RACH slot where the selected RO located and PUSCH. 
Proposal 13: At least using a single semi-statically configured value for time/frequency relation between PRACH preambles in PRACH occasion(s) and PUSCH occasion(s) (alt.3 for option 2) should be supported if option 2 is adopted. 
Proposal 14: the scrambling ID for PUSCH transmission in 2step RACH Msg A could be derived based on legacy RA-RNTI and preamble index.

	Intel
[R1-1908618]
	Proposal 1
· PUSCH occasions are separately configured from PRACH occasions.
Proposal 2
· Time domain resource allocation of an MsgA PUSCH occasion includes periodicity, slot offset and starting symbol and length.
· Support MsgA PRACH and PUSCH in a same slot for 2-step RACH.
Proposal 3
· Guard period needs to be reserved for MsgA PUSCH transmission.   
· It may be desirable to employ repetition for MsgA PUSCH transmission in order to match coverage status of associated PRACH preamble. 
Proposal 4
· Frequency resource of msgA PUSCH can be limited to the bandwidth of msgA PRACH. 
Proposal 5
· When MsgA PRACH and PUSCH are in the same slot, the numerology for MsgA PUSCH follows that of MsgA preamble. 
Proposal 6
· For the definition of PUSCH resource unit, 
· For CP-OFDM waveform, support both DMRS AP and DMRS sequence. The maximum number of sequences is 2. 
· For DFT-s-OFDM waveform, support DMRS AP only. 
Proposal 7
· Confirm the working assumption to support many to one mapping between PRACH preambles in each RO and associated PUSCH resource unit. 
· One to many mapping is not supported.
Proposal 8
· PRACH resource partitioning can be used to indicate different MsgA PUSCH configurations. 
· FFS: UCI to indicate MsgA PUSCH configuration
Proposal 9
· For initialization of scrambling sequence for MsgA PUSCH
· RNTI is based on RA-RNTI or MsgB-RNTI.
· is configured in a cell specific manner. If not configured, . 

	LGE
[R1-1908691]
	Subcarrier spacing for msgA PRACH preamble and msgA PUSCH
Proposal 1: 
· The subcarrier spacing of msgA RACH preamble for 2-step RACH procedure can be separately configured within a BWP. But, the subcarrier spacing of msgA PUSCH should follow the configured subcarrier spacing for UL BWP.
· If same subcarrier spacing is configured for msgA preamble in a UL BWP, PUSCH resource for msgA can be configured without timing gap between RACH occasion and PUSCH occasion. These two cases are up to network configuration.
DMRS configuration type for msgA PUSCH
Proposal 2: 
· In 2-step RACH, only type 1 DMRS which is a mandatory feature should be applied for msgA PUSCH.
PUSCH DMRS port/sequence
Proposal 3: 
· gNB can configure the number of antenna ports for msgA PUSCH DMRS.
· The maximum number of antenna ports is four.
· When the value of configured antenna ports is two, antenna port 0 and 1 are used. 
· When the value of configured antenna ports is one, antenna port 0 is used.
Proposal 4: 
· In case of CP-OFDM, maximum two different initial values are configured via higher layer signal (e.g., SIB1 and/or RACH-ConfigCommon).
· Sequence is designated depending on the RAPID.
· For case of DFT-s-OFDM, one root index of ZC-sequence is configured via higher layer signal.
PUSCH scrambling sequence
Proposal 5:
· For msgA PUSCH data scrambling sequence, RA-RNTI and RAPID are applied as seed value of initialization.
· For UE in RRC_IDLE and RRC_INACTIVE, RA-RNTI is applied as nRNTI. For UE in RRC_CONNECTED, C-RNTI is applied as nRNTI.
· RAPID can be applied as nID.
msgA PUSCH configuration
Proposal 6: 
· For a PUSCH occasion configuration, at least these parameters are necessity: 
· Time domain configuration
· Number of OFDM symbol for single PUSCH occasion
· Whether timing gap is necessity or not
· Starting OFDM symbol index within a slot
· Frequency domain configuration
· Number of PRBs for single PUSCH occasion
· Starting PRB with a BWP
· Contiguous or non-contiguous allocation
· Null PRB is necessity or not
· For multiple PUSCH occasions, it is needed to decide whether only contiguous PUSCH occasion assignment is applied for msgA PUSCH. If contiguous PUSCH occasion assignment in time and frequency domain is supported, at least following parameters are necessity:
· Time domain configuration
· Number of PUSCH occasion in a slot
· Slot indication within a duration (e.g., 10ms, 20ms, …, 80ms) for PUSCH occasion
· Frequency domain configuration
· Number of PUSCH occasion within a BWP
Supported MCS(s) and time-frequency resource size(s) of PUSCH in msgA etc
Proposal 7: 
· For PUSCH in msgA, use very limited number of MCS level (e.g. one or two MCS levels).
· E.g., only QPSK for CP-OFDM is applied for PUSCH in msgA, and two types of coding rate are used.
Proposal 8: 
· If multiple MCS levels are allowed for PUSCH transmission, multiple types of PUSCH resource are defined depending on MCS level.
· RAPID can be associated with MCS level.
· If multiple sets of DMRS frequency resource is allowed, it can be defined that each DMRS frequency resource is associated with MCS level.
RO mapping for 2-step RACH
Proposal 9: 
· For RO configuration for 2-step RACH, 
· For the case of shared RO for 2-step and 4-step RACH, reuse RACH configuration table for 4-step RACH 
For the case of separate ROs for 2-step and 4-step RACH, allow new configuration that OFDM symbols within a first half RACH slot are used as RO

	Sierra
[R1-1908753]
	Observation 1: 	Option 1 should avoid configurations where the PRACH occasions and the PUSCH occasions are unsynchronized as this would create unnecessary complexity in the standards and implementation and would increase collision probability.
Observation 2: 	With proper configuration of Option 1, Option 1 and Option 2 of the agreement could work equally well.
Proposal 1: 	Option 2 preferred: PUSCH configured relative to the PUSCH occasions.
Proposal 2: 	Confirm the working assumption to allow support for both one-to-one and multiple-to-one mapping between preambles in each RO and associated PUSCH resource unit.
Proposal 3: 	2-step RACH to support PRACH and PUSCH in a single slot, either option 1 or 2. 
Proposal 4: 	The UE shall choose from the multiple 2-Step RACH msgA PUSCH configuration at least based on measured RSRP level 
Proposal 5: 	UE shall indicate the selected msgA PUSCH configuration by selecting a RO and preamble sequence mapped to a PUSCH resource with that configuration.
Proposal 6: 	The number of DMRS symbols/ports/sequences is NOT common to all the multiple PUSCH configurations
Observation 3: 	The gNB can use the PRACH preamble for the channel estimation of the PUSCH.
Proposal 7: 	The frequency resource of msgA PUSCH should be permitted to exceed the bandwidth of PRACH within a limited range (e.g. [2X] PRACH BW).
	FFS: the permitted range of msgA PUSCH relative to PRACH

	Sony
[R1-1908762]
	Observation 1: 2-step RACH should aim to support legacy NR operation and also other specific use-cases, such as NR-unlicensed, Non-Terrestrial Network (NTN), and mMTC.
Observation 2: Compared to orthogonal DMRS multiplexing, performance degradation due to non-orthogonal DMRS multiplexing is relatively small.
Proposal 1: The msgA configuration in 2-Step RACH is broadcasted by the gNB to the UEs (e.g. via system information) or using a dedicated signaling (i.e. RRC signaling). 
Proposal 2: Support the gNB to have a flexible MsgA PUSCH configuration that supports both options, such as Option 2 (relative location) is configured as the default mode and Option 1 (separate PUSCH configuration) can be configured to complement Option 2 and/or to be used for specific use-cases.  
Proposal 3: Option 2 is used for the small payload size (e.g. small MCS/TBS) and Option 1 can be used for the larger payload size (e.g. large MCS/TBS) and/or PUSCH with repetition.
Proposal 4: On option 2: the relative time-offset between preamble and msgA PUSCH can be configured by the gNB (e.g. to consider guard time, time alignment to support various SCS, RACH configuration).
Proposal 5: Further study whether the MCS is statically configured (e.g. a fixed MCS) or UE can dynamically select from a limited set of MCS and signal via piggy back on msgA.
Proposal 6: Support both DMRS ports and DMRS sequences for the PRU definition
Proposal 7: Confirm the working assumption on supporting one-to-one and multiple-to-one mapping between preambles in each RO and associated PUSCH resource unit.
Proposal 8: For a UE in RRC_IDLE or RRC_INACTIVE state, RNTI used for msgA PUSCH scrambling should be RA-RNTI. For a UE in RRC_CONNECTED state, RNTI used for msgA PUSCH scrambling should be C-RNTI.
Proposal 9: DMRS index should be included into the c_init for msgA PUSCH scrambling if one-to-multiple mapping between the preamble and PRUs is supported.

	Panasonic
[R1-1908792]
	Configuration of Msg.A PUSCH occasion
Observation 1: 
· For time/frequency resources of PUSCH in Msg.A (PUSCH occasion),
· Option 1 (PUSCH occasions are separately configured from PRACH occasions) using configured grant configuration can provide flexible operation including dynamic change of PUSCH resource in RRC CONNECTED mode, while it may complicate 2-step RACH operation and gNB receiver.
· Option 2 (the relative location of the PUSCH occasion is specified/configured with respect to the associated PRACH occasion) can be simplify the 2-step RACH operation including gNB receiver at the cost of less flexibility.
Observation 2: If dynamic change of PUSCH resource is not considered for Option 1, either Option 1 and Option 2 works basically same manner. The remaining detail can be rather signalling detail in higher layer, and then which option is taken can be determined by RAN2.
Proposal 1: In 2-step RACH, allow gNB to configure a set of TBSs, MCS, and time/frequency resource size for PUSCH in Msg.A. The UE may select a set of these parameters based on the configuration and buffer size.
Proposal 2: The indication of UE selected parameter set is indicated by the selection of RACH preamble resource set or UCI transmitted together with PUSCH.
Msg.A PUSCH numerology
Observation 3: For PUSCH numerology is PRACH and PUSCH in the same slot for Msg.A transmission is supported, Option 3 (a UE is not expected to be configured with different numerology among PRACH preamble, msgA PUSCH and UL BWP for msgA transmission) is the simplest.
Observation 4: Whether to have UL transmission with different numerologies within a slot should be UE capability/feature.
Msg.A PUSCH waveform
Observation 5: If 2-step RACH is used rather around cell center area based on RSRP/RSRQ criterion discussion in RAN2, separate configuration between CP-OFDM for 2-step RACH and DFT-s-OFDM for 4-step RACH may be possibility.
Observation 6: If fallback to Msg.3 PUSCH is supported, to follow the same waveform of Msg.3 is beneficial in order to support HARQ soft combining.
Msg.A PUSCH resource unit
Proposal 3: For the definition of PUSCH resource unit, support both DMRS ports and DMRS sequences at least for CP-OFDM.
Proposal 4: Confirm the working assumption that both one-to-one and multiple-to-one mapping between preamble in each RO and associated PUSCH resource unit are supported.
Link-level evaluation
Observation 7: The use of different DMRS sequence improves the performance of Msg.A PUSCH compared to the collision case of the same DMRS port/sequence.
Observation 8: The performance degradation when the same DMRS port but the different DMRS sequence is used, compared to the case when the different DMRS port/sequence is used, is less than 1 dB at BLER=10-1 with the evaluated assumption.

	CMCC
[R1-1908860]
	Proposal 1: Support option 2 as the configuration method for msgA PUSCH.
Proposal 2: Support mapping type B for msgA PUSCH.
Proposal 3: Subcarrier-level offset could be introduced in msgA PUSCH resource configuration for guard.
Proposal 4: Support indicating multiple msgA PUSCH configurations by preamble groups.
Proposal 5: Reusing PRACH configuration table defined in Rel-15 for 2-step RACH should be prioritized.
Proposal 6: FDM only between 2-step and 4-step ROs could be considered.

	Apple
[R1-1909040]
	Proposal 1: Since option 1 (separate configuration) and option 2 (relative location) could provide the same fundamental function, only one of them should be supported.
Proposal 2: Support option 1 (separate configuration)  with regard to signaling flexibility and small additional overhead, compared to option 2 (relative location).
Proposal 3: 2-Step RACH can be triggered by UEs in idle mode and connected mode, if configured.
Proposal 4: The configuration for 2-Step RACH should only consider mandatory UE capability, since initial access procedure could take place before UE capability reporting.
Proposal 5: Do not support repetitions for MsgA PUSCH.
Proposal 6: Guard band and guard time for MsgA PUSCH can be handled by gNB implementation.
Proposal 7: Support configuration of PUSCH mapping type for MsgA PUSCH.
Proposal 8: The indicated MCS for MsgA PUSCH should only indicate QPSK.

	Ericsson
[R1-1909122]
	Observations:
· For both licensed and unlicensed operation, msgA configurations should support transmission in as few symbols as possible to meet the lowest latency requirements.
· For NR-U, it is important that msgA can be transmitted using only one LBT, and therefore that there are no gaps within msgA longer than 16µs.
· Precluding TDM of POs in a msgA set may require excessive msgA bandwidth.
· If POs are not mapped to SSBs, at most one UE can be supported per RACH slot without degraded performance in gNBs using analog beamforming for SSBs.
· Supporting a number of TDM’d POs in a msgA PUSCH slot equal to the maximum number of ROs in a PRACH slot. allows the same amount of TDM”d SSBs as the PRACH.
· The use of different scrambling sequences can avoid BLER floors
· A multiple to one preamble to PUSCH RU mapping does not seem beneficial as a way to reduce PUSCH overhead
· The number of PUSCH RUs can match a subset, rather than the entirety, of preambles in an RO.
· While interference rejection via MMSE-IRC may be possible using distinct preambles when the antenna ports are the same, different scrambling IDs can serve the same purpose and make the PUSCH even more identifiable.
· If multiple preamble to PUSCH RU mapping is specified, preambles can be used to convey MCS
· Mapping multiple RACH occasions in a RACH slot to PUSCH occasions allows better use of the RACH slot.
· When PUSCH occasions that correspond to a RACH occasion are TDM’d, the delay of the PUSCH occasions from the RACH occasion varies with the PUSCH occasion.
 Proposals:
· Support configuration of multiple time-domain POs by one msgA PUSCH configuration.
· msgA POs frequency division multiplexed in a set of OFDM symbols can correspond to an SSB
· The maximum number of TDM’d POs per subcarrier is roughly the maximum number of ROs in a PRACH slot.
· At least support differently scrambled DMRS ports among msgA PUSCHs.
· Orthogonal DMRS operation can also be supported.
· Further study details of DMRS configurations to support, including the number of different scrambling initializations.
· If multiple preambles are mapped to one PUSCH resource unit, the preambles convey MCS 
· PUSCH RUs are ordered first by DMRS antenna ports and/or scrambling, then by frequency, then by PUSCH occasion size, then by time
· Use the five-step procedure below to map preambles to PUSCH resource units in a predetermined order:
· Step 1: Map to frequency of PUSCH RUs,
· Step 2: Map to antenna ports and/or DMRS scrambling of PUSCH RUs, 
· Step 3: If M preambles are not mapped to each PUSCH RU, then go to step 1,
· Step 4: Map to the PUSCH RU (and PUSCH occasion) time/frequency size, 
· Step 5: Map to the OFDM symbol(s) containing the PUSCH
· Different ROs in one PRACH slot can map to different msgA PUSCH sets
· Defer decisions on whether ROs and POs are separately configured or not until the structure of PUSCH occasions is more clear.
· Including how POs can be TDM’d in a msgA PUSCH set, how many ROs in a PRACH slot can map to different msgA PUSCH sets, and the structure of a msgA PUSCH configuration period.
· A subset of antenna ports for msgA PUSCH transmission is constructed 
· first by including the first antenna port in each CDM group of the DMRS configuration in the subset
· then by including the second antenna port in each CDM group in the subset, and so on until the subset contains the desired number of ports.  
· When transform precoding is disabled, same formula for normal PUSCH is used for the msgA PUSCH DMRS sequence generation, the  can be a fixed value, and the  can be a function of cell ID, corresponding preamble ID, an index of the PRU, or the number of distinct PO sizes.
· When transform precoding is enabled, the same formula as for normal PUSCH is used for the msgA PUSCH DMRS sequence generation,  may be determined based on the preamble ID and/or the ID of the PRU.
· Signal whether transform precoding is enabled for msgA PUSCH in system information.
· The numerology of PRACH in 4-step RA is the same as that of the 2-step preambles. 
· Support a separately configured numerology of the msgA PUSCH.
· The RNTI associated with the msgA PUSCH transmission, i.e.  for the msgA PUSCH scrambling sequence generation is calculate based on at least the preamble ID.
· A separate set of RNTIs are used for msgB so that the msgB can be differentiated from msg2.

	DOCOMO
[R1-1909172]
	Proposal 1: MsgA RACH occasion and corresponding MsgA PUSCH occasion can be located in non-contiguous time resources and there can be TDD DL region between MsgA RACH occasion and corresponding MsgA PUSCH occasion.
Proposal 2: The relative location in time domain of the MsgA PUSCH occasion with respect to the associated MsgA RACH occasion can be configured.
Proposal 3: The validation rule for MsgA PUSCH occasion 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 PUSCH occasion based on location of MsgA RACH occasion is defined.
Proposal 4: The mapping order for MsgA preamble and MsgA PUSCH is following:
· First, in increasing order of code domain, i.e., MsgA PUSCH DMRS port/sequence or MsgA preamble index
· Second, in increasing order of frequency domain resource
· Third, in increasing order of time domain resource
Observation 1: The required time gap between MsgA RACH occasion and MsgA PUSCH occasion for NW/UE processing time can be ensured by the relative location between MsgA PUSCH occasion and associated MsgA RACH occasion.
Proposal 5: Confirm the following 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
Proposal 6: 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 7: 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 RACH occasion and associated MsgA PUSCH resource unit should be supported.

	OPPO
[R1-1909222]
	Observation 1: It is beneficial to reduce the latency to support PUSCH front-loaded msgA channel structure besides preamble front-loaded MsgA channel structure.
Proposal 1: For the starting frequency point indication, the parameter “msgAPUSCH-FrequencyStart” similar as “msg1-FrequencyStart” for PRACH configuration can be used for option 1 and the single frequency offset with respect to the start of the first RO in frequency can be used for option 2.
Proposal 2: only PUSCH resource allocation type 1 shall be used for msgA PUSCH resource allocation.
Proposal 3: 2-step RACH should support intra-slot frequency hopping for PUSCH in MsgA. 
Proposal 4: For option 1, same msgA periodicity value range as PRACH configuration can be used. Slot level offset is used. For option 2, a slot level time offset with respect to the start of the PRACH slot can be configured.
Proposal 5: Within each PUSCH slot, the starting symbol and the symbols duration for msgA PUSCH occasion can be configured.
Proposal 6: The number of TDMed PUSCH occasion can be configured.
Proposal 7: support both PUSCH front-loaded or preamble front-loaded channel structure
Proposal 8: total number of DMRS ports for PUSCH in MsgA shall be configurable.
Proposal 9: for DFTs-OFDM, both DMRS ports and DMRS sequences can be supported for the definition of PUSCH resource unit.
Proposal 10: when there are multiple msgA PUSCH configurations, for each msgA PUSCH configuration, the associated preamble group/RACH occasions shall be configured.   
Proposal 11: Very limited payload sizes (e.g., 56/72) are supported for RRC idle/inactive UEs. The resource allocation (including MCS and TBS) for RRC connected state UE can be configured with RRC signalling. 
Proposal 12: Confirm the working assumption in RAN1#96 bis meeting to support one-to-one and multiple-to-one mapping . One-to-multiple mapping shall not be supported. 
Proposal 13: preambles and PUSCH resources are mapped with each other with the following mapping rule:
· PUSCH resources are mapped to preambles in the following order: 
· 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
· Preambles are mapped to PUSCH resources in the following order: 
· First, in increasing order of PUSCH antenna ports index within a single PUSCH occasion
· Second, in increasing order of frequency resource indexes for frequency multiplexed PUSCH occasions
· Third, in increasing order of time resource indexes for time multiplexed PUSCH occasions
Proposal 14: The following can be considered for PUSCH waveform:
· The waveform is indicated in system information
· Reuse the waveform for Msg3 PUSCH
· The guard time shall be taken into account when setting the waveform
Proposal 15: reuse the formulation in 38.213 to generate c_init for msgA PUSCH scrambling but with a modified RA_RNTI. The modified RA_RNTI can be derived based on the current RA_RNTI and the preamble index.

	Qualcomm
[R1-1909239]
	Observation 1:  A msgA transmission occasion comprises a PRACH occasion (RO) and a set of PUSCH occasions (PO). To transmit a msgA preamble, a two-step RACH UE selects a valid RO and a preamble sequence configured on the valid RO. To transmit a msgA payload, a two-step RACH UE selects a set of valid POs and one or multiple PRUs configured on the valid POs.
Observation 2:  A valid RO for msgA preamble transmission should have a sufficient transmission gap with respect to the UL transmission or DL reception before msgA. The TX gap configurations for msgA preamble can follow the rules specified in NR Rel-15 for PRACH.
Observation 3: For msgA transmission, the following designs should be supported:
· a minimum payload size of 7 or 9 bytes can be supported by DFT-s-OFDM waveform and low MCS; payload sizes on the order of 1000 bits can be supported by higher MCS;
· multiple POs can be configured per PO configuration period, to accommodate different MCS, TBS and waveform;
· multiple two-step RACH UEs can share the same PO, if their msgA transmissions use similar payload size/MCS/waveform;
· resource allocation for PO can be specified relative to RO, by semi-statically or dynamically configured offsets in time and/or frequency domain;
· the mapping rules between msgA preamble sequence and msgA PRU can be indicated by SI or RRC signalling.
Observation 4   LLS results for msgA decoding with realistic channel estimation indicate that:
· MCL at a given BLER target can be used as the performance metric for PO size optimization;
· PO size optimization depends on the payload size and slot format;
·  PO size of 3 RB and 1 slot (14 symbols, DMRS overhead 1/7) is good choice for 72 bits;
· PO size of 12 RB and 1 slot (14 symbols, DMRS overhead 1/7) is a good choice for 1000 bits.
· DFT-s-OFDM waveform should be supported for small payload transmission, especially for UE experiencing large pathloss or in RRC_IDLE/RRC_INACTIVE state; 
· For both small and large payload size, non-orthogonal UE multiplexing in both DMRS and PUSCH does not cause performance degradation, if the number of RX antennas is greater than the number of UEs;
· Higher order modulation does not show performance gain for large payload size.
Proposal 1: The association between SSB and msgA occasion (SSB-to-msgA association) can be defined similar to SSB-to-RO association. The association pattern between SSB and msgA occasion can be indicated in SI or RRC.
Proposal 2: The bandwidth used for msgA preamble and payload transmission can be similar or different. Within an association period of SSB-to-msgA, the total bandwidth configured for msgA occasions is within initial UL BWP (RRC IDLE or INACTIVE) or active UL BWP (RRC CONNECTED).
Proposal 3:  The SCS combinations specified in NR Rel-15 for PRACH and PUSCH should be supported in msgA transmission. 
Proposal 4:  When separate ROs are configured for two-step RACH and four-step RACH, they can be configured with different PRACH configuration index and different FDM patterns.
Proposal 5:  RO validation for msgA preamble should consider at least the time gap required before msgA preamble transmission and the causality rule between SSB/SIB reception and msgA preamble transmission.
Proposal 6:  From the perspective of UE, msgA PO validation should consider at least the following criteria:
· transmission gap between msgA preamble and msgA payload
· RSRP measurements and SSB-to-msgA association pattern
· msgA payload size and maximum TBS supported by PO
· UE capabilities
Proposal 7: The mapping rule between msgA preamble and msgA PRU is configurable. One-to-one, one-to-many and many-to-one mappings can be supported for different use cases.
Proposal 8:  The scrambling ID for msgA PUSCH can be formulated as a linear and weighted combination of cell ID, preamble resource index and DMRS resource index.

Proposal 9: To reduce the DMRS collision probability for CBRA, the pool size of DMRS resources should be increased by extending the scrambling ID sets. The scrambling ID for DMRS sequence generation/configuration should include the cell ID and the preamble ID.
Based on the observation, we have the following proposal for msgA PUSCH resource allocation, MCS and waveform configuration:
Proposal 10: For msgA payload transmission, the following configurations should be supported:
· Low-order linear modulations such as QPSK and pi/2 BPSK should be specified for msgA PUSCH transmission. In particular, 
· QPSK should be specified for CP-OFDM waveform;
· pi/2 BPSK and QPSK should be specified for DFT-s-OFDM waveform.
· A finite set of PO size can be specified, to support different payload size (in the range of a few bytes to a few hundred bytes) and different coverage requirements; 
· PO bandwidth can be configured proportional to that of RO bandwidth;
· In FR1, PO bandwidth of {3, 6, 12} PRBs can be considered for a 14-symbol slot;
· Slot repetition should be supported.
· Frequency hopping should be supported.
Proposal 11: Depending on the processing outcome of msgA and the RRC state of UE, gNB will send different responses in msgB. 
· If the msgA preamble is detected but the msgA payload is not decoded, gNB will send a FallbackRAR, which includes at least the RAPID, the TA command, the TC-RNTI and the UL grant for msgA payload re-transmission. 
· If the msgA payload is decoded, gNB will send a SuccessRAR, which includes at least the contention resolution information and the TA command. For RRC IDLE or INACTIVE UE, a C-RNTI should also be included in the SuccessRAR.
Proposal 12:  For two-step RACH UEs sharing the same RO, the FallbackRAR or SuccessRAR of RRC IDLE or INACTIVE UE can be aggregated into a MAC PDU. FallbackRAR of RRC CONNECTED UE can also be aggregated into this MAC PDU. 
Proposal 13:  Similar to msg2 transmission in four-step RACH, msgB PDCCH and PDSCH can be multicast to a group of UEs sharing the same RO, and the CRC of msgB PDCCH can be masked by a group RNTI.
Proposal 14:  Group RNTI for msgB should be specified for CRC masking of msgB PDCCH. To reduce the impacts on specification, the RA-RNTI formula in NR Rel-15 can be extended to support msgB group RNTI mapping into the un-used space of the 16-bit allocation. The impacts of RAR window extension should also be considered in the calculation of msgB group RNTI.

	CAICT
[R1-1909344]
	Observation1: It will increase the detection complexity at the gNB side if to apply both option 1 (separate configuration) and option 2 (relative location) for the MsgA PUSCH configuration simultaneously.
Proposal1：Downselect one between option1 and option2 and it is suggested to adopt option1 over option2 due to its the high flexibility of configuration. 
Observation2: The association between the preambles on ROs and POs of each type of PUSCH configuration shall be specified. And the type of PUSCH configuration can be indicated through separate preambles or ROs implicitly. 
Proposal2: Specify the association between the preambles on ROs and POs of each type of PUSCH configuration and indicate the type of PUSCH configuration through separate preambles or ROs implicitly.
Observation3: In addition to the mapping order of PRUs, the mapping order of preambles on ROs associated to the PRUs shall also be specified to complete the mapping process.
Proposal3: Within an MsgA association period of one PUSCH configuration type, the mapping order of preambles on ROs as follows:
· First, in increasing order of preamble ID
· Second, in increasing order of frequency resource indexes for frequency multiplexed ROs
· Third, in increasing order of time resource indexes for time multiplexed PUSCH occasions within a PRACH slot
· Fourth, in increasing order of indexes for PRACH slots
Observation4: The number of preambles (including one or multiple) P mapped to one PRU can be implicitly indicated by the number of preambles on ROs M and the number of PRUs N within an association period, like
Proposal4: Indicate the number of preambles (including one or multiple) P mapped to one PRU can be implicitly by the number of preambles on ROs M and the number of PRUs N within an association period by .

	KDDI
[R1-1909410]
	Proposal 1: Mapping order to identify PUSCH resource units from preamble IDs is specified.
Proposal 2: Repetitions for msgA PUSCH are supported. The number of repetitions is independently configured among multiple msgA PUSCH configuration
Proposal 3: msgA PUSCH configuration including the number of repetitions is selected by UE based on SS-RSRP.
Proposal 4: SS-RSRP threshold for each configuration is broadcasted for UEs to select adequate msgA PUSCH configurations.
Proposal 5: msgA PUSCH configuration including the number of repetitions is associated with preamble IDs or ROs. UE selects configuration used for msgA PUSCH transmission by selecting preamble.
Proposal 6: A parameter similar to “msg3-transformPrecoder” used for msg3 in 4-step RACH needs to be defined for msgA PUSCH.


Appendix C: Simulation results
Refer to R1-1909478
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