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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.
Channel Structure
msgA PUSCH configuration
The open issues on msgA PUSCH configurations including the following:
· Time/frequency structure of PUSCH occasions
· Configuration method and principles
· Parameters of msgA PUSCH configurations
Based on the contributions submitted to RAN1#97, companies’ views on the above open issues are summarized in Table 1.
Table 1 Companies views on MsgA PUSCH configuration
	
	Configuration method
	Parameters or principle of msgA PUSCH configuration
	Other remarks

	ZTE
	Opt 1 or opt 2
	-Parameters per PO group (opt.2)
· Single time/frequency offset between each PRACH slot and the associated PUSCH group
· MCS/TBS
· Number of TDMed POs
· Number of FDMed POs
-POs (including guard band or guard period if exist) within a PO group are consecutive in time and frequency domain 
-Support identical resource size for the POs within a PO group

	-Limited MCS levels

	Huawei
	Opt 1

	Resource configuration for PO group
-Time domain - Configured grand in principle
-Frequency domain - reuse current signaling, or define some default location
-POs in a PO group are equally spaced in time/frequency.
-Different PO groups can have different resource size or MCS.
	-Not support  PRACH and PUSCH in the same slot
-Frequency resource of msgA PUSCH limited to the bandwidth of PRACH
-Limited MCS levels

	vivo
	Opt 1
Type 1 configured grant. 
	-Configurable number of POs within a PUSCH configuration period
-Different POs can have different resource size, configurable.
-In a given PO, different PRUs have the same resource size.
-Support a single configurable MCS for a PO.
	-Support  PRACH and PUSCH in the same slot
-SSB-PO mapping in association pattern period

	NTT
	Opt 2
	
	Validation rule for PO based on TDD configuration and SSB location, similarly as the rule for valid/invalid RO in Rel.15.

	Spreadtrum
	Opt 1
	
	-Support PRACH and PUSCH in the same slot.
-PRACH and associated PUSCH may overlap in frequency domain
- PUSCH and other PRACH may neither overlap nor partially overlap in time-frequency domain simultaneously

	CMCC
	Opt 2
	A set of fixed values on relative locations.
	

	OPPO
	Opt 2
	-Parameters per PO pool
· Starting frequency/time
· Number of PRB/symbols of one PO
· Numer of FDMed POs
· MCS/TBS
· Antenna configuration
	-Support both PRACH front-loaded and PUSCH front-loaded.
-Whether to support type 0 resource allocation? (non-contiguous)

	LGE
	
	-Parameters Per PO:
· Time domain: time gap, number of symbols, starting symbol index within a slot;
· Frequency domain: Guard band, number of PRBs, starting PRB index, 
-Parameters for Multiple POs:
· Time domain: number of POs in a slot; slot indication within a duration
· Frequency domain: number of POs.
	Support  PRACH and PUSCH in the same slot
-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


	Nokia
	Opt 2
	-POs in the same PO group share the same resource size.
-A single configured offset between the start of the PRACH slot (or PRACH subframe/60 kHz slot in FR1/FR2) containing the 2-Step RACH ROs and the start of the 2SR PUSCH resource units (PUSCH Occasions). 
-Another configured offset, in frequency domain, between the start of the first RO in frequency and the start, in frequency, of the 2SR PUSCH resource units (PUSCH Occasions).

	Postpone the decision of  PRACH and PUSCH in the same slot
There should be a possibility to configure 2-step RACH operation such that there is no time-wise gap between the preamble transmission and the associated PUSCH transmission.


	Intel
	Opt 1 with  different (longer) configuration period
	-Time domain parameters: slot offset, configuration period, starting symbol, and length;
-Frequency domain parameters:  starting PRB and length of PRBs.
-parameters per PO
· An MsgA PUSCH occasion ID
· Time/frequency resource allocation
· MCS
· Power control related parameters
	- Support  PRACH and PUSCH in the same slot
- Support repetition of PUSCH

	Sony
	Opt 2
	Configurable time-gap between PRACH and PUSCH
	

	Panasonic
	
	If Option 2 is supported, configurable transmission gap between PRACH preamble in PRACH occasion(s) to PUSCH occasion including zero should be considered
	

	Samsung
	opt 1 or opt 2 
	For opt.1: 
· Value range of PUSCH configuration period is also {10, 20, 40, 80, 160}ms
· SSB-PUSCH association should be defined, similar to SSB-PRACH association
For opt. 2:
· Relative location is based on the last RO of the PRACH slot where the selected RO located
· Single semi-statically configured value (alt. 3)
	- Not support  PRACH and PUSCH in the same slot
- It is beneficial for gNB to detect preamble first before reception of PUSCH.
-Configurable GB and GT per PO


	Sierra Wireless
	Opt 2
	Multiple 2-step RACH configurations shall be supported. 
The configuration shall at least include:
· Coverage range thresholds (e.g. RSRP/RSRQ range)
· PUSCH modulation and coding
· PRACH format
· FFS: number of 2-Step RACH configurations
	-Support  PRACH and PUSCH in the same slot
-Use preamble for channel estimation (if PRACH and PUSCH are close in time/frequency)

	Ericsson
	Defer opt 1&2 decision until PO configuration is more clear.
	-A set of resources containing multiple PUSCH occasions is defined (a ‘msgA PUSCH slot’), where:
· A msgA PUSCH slot occurs periodically and has a known length in symbols
· Each PUSCH occasion occupies a contiguous set of subcarriers and symbols
· Multiple PUSCH occasions in a msgA PUSCH slot can be in one OFDM symbol or in one subcarrier
· The PUSCH occasions can have different sizes, and a given PRB can contain PUSCH occasions with different sizes.
· UEs frequency division multiplexed in a set of OFDM symbols can correspond to an SSB
-Different ROs in one PRACH slot can map to different msgA PUSCH slots
	

	CAICT
	Opt 2

	No matter opt.1 or opt.2, a group of POs is associated with a group of ROs, the position of the PO group is configured
	Not support repetition (prefer to enhance the PUSCH coverage by power control)

	Qualcomm
	Opt 2
semi-statically or dynamically.
	TxGap between PRACH and PUSCH
PO includes GT and GB
PO size: {3,6,12} PRBs + 14 symbol (for FR1)
Multiple POs per PUSCH configuration period
	-Support  PRACH and PUSCH in the same slot
-Bandwidth can be the same or different as PRACH.
- Support slot repetition

	KDDI
	
	MCS should be common for PRUs at least in a PO
	




Regarding the PUSCH configuration, we have the following proposal:

Proposal 1:
· The following parameters are defined per msgA PUSCH configuration:
· Common parameters for both option 1 (separate configuration) and option 2 (relative location)
· MCS/TBS
· 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 ports/sequences (if support) per PO
· FFS whether or not support repetitions for msgA PUSCH
· FFS Duration of PRB-level guard band or guard time
· Parameters specific to option 1
· Periodicity (msgA PUSCH configuration period)
· FFS value range 
· Offset(s) or subframe/slot index(-es) 
· Time domain resource allocation, i.e. starting symbol, number of symbols per PO, number of time-domain POs in a slot
· Frequency starting point
· Parameters specific to option 2
· Single time offset with respect to each PRACH slot (FFS start or end of the PRACH slot) or each of the first PRACH slot in case of two PRACH slots in a subframe/60 kHz slot
· combination of slot-level and symbol-level indication
· Number of symbols per PO 
· FFS explicit or implicit indication
· Single frequency offset respect to the start of the first RO in frequency
· FFS: Number of TDMed POs
· Multiple msgA PUSCH configurations is supported
· 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: Resources used for UCI if indication of MsgA PUSCH configuration is by UCI.
· FFS whether the multiple PUSCH configurations are overlaid on the same time frequency resources, or use separate time frequency resources
· FFS whether the frequency resource of msgA PUSCH should be limited to the bandwidth of PRACH
· FFS validation rule of msgA PUSCH



Proposal 1+:
· Both option 1 (separate configuration) and option 2 (relative location) for msgA PUSCH configuration are supported	Comment by ZTE: Can be decided later.

Regarding the PRACH and PUSCH association, we have the following proposal:

Proposal 2:
· Reuse the PRACH configuration tables defined in TS38.211 for the configuration of msgA PRACH
· 2-step RACH and 4-step RACH share the same PRACH configuration index	Comment by ZTE: Discuss in Emad’s summary
· The msgA (PRACH and PUSCH) association period is defined as 
· max{PRACH configuration period, msgA PUSCH configuration period}
· PO in front of RO association is not supported
· FFS SSB to PO mapping in association pattern period

Detailed mapping between PRACH preamble and PUSCH resource unit
The following table captures companies' views on detailed mapping between PRACH preamble and PUSCH resource unit. Accordingly, three issues i.e. association period, PUSCH resource unit definition, mapping ratio and mapping order are listed for further discussion.

1) PUSCH Resource Unit (PRU) definition and Mapping Ratio
	
Regarding the definition of PUSCH resource unit, some companies expressed concerns on supporting both DMRS sequences and DMRS ports. The reason is the user multiplexing capability may not need to be higher than that supported by DMRS ports [8][15]. The channel estimation performance may degrade due to non-orthogonal DMRS sequences [11][15]. The simulation results in [10][17] showed the potential performance degradation with a mere 2-3 UEs multiplexing using DMRS sequences. [1][18] expressed concerns on potential impact on inter-cell interference for certain scrambling sequences. On the other hand, [2][13] mentioned the resource utilization benefit of using DMRS sequence. [10] mentioned UE distinguishing capability with DMRS sequences. The simulation results in [1][2][19] showed similar performance of multiplexed UEs distinguished by DMRS sequences or DMRS ports. Moreover the simulation results in [3] showed better performance with sequence than with multi to 1 mapping at 0.01 BLER.

Multiple companies have provided simulations to compare the performance of multi-to-1 mapping and 1-to-1 mapping considering different definition of PUSCH resource unit, i.e. including DMRS sequences or not. The simulations results in [1] and [2] show that the performance of multi-to-1 mapping is similar to the 1 to 1 mapping given the same total PUSCH resource overhead in case of up to 2 UEs randomly selecting preambles. The simulation in [3] showed some performance difference at the 0.01 BLER operating point. The simulation in full collision cases demonstrate there exists some gaps [2][11], yet the performance for the collided case is still decent [11] since preamble is used for channel estimation. In addition to the performance similarity under randomly selecting preamble case, multi-to-1 mapping could bring benefits of resource utilization and resource overhead reduction [1][8][14]. Some companies mentioned that the mapping ratio could be made flexible catering to receiver implementation and the amount of PUSCH resource or preambles for msgA transmission [4][11][12][16].  In addition, fall-back to 4-step RACH could anyway be performed in case of decoding failure [4][16].
Mapping ratio could be broadcast [1] or implicitly derived [2][7]. 

Table 2: Companies’ preferences on PUSCH resource unit and mapping ratio.
	
	DMRS port/sequence for PRU
	Mapping ratio:
Preamble to PRU

	ZTE
	DMRS port only
	M-to-1(M≥ 1)

	Huawei
	Both DMRS ports and sequences
	1-to-1

	vivo
	Both DMRS ports and sequences
	1-to-1

	NTT
	Both DMRS ports and sequences
	M-to-1 (M≥1)

	Spreadtrum
	Both DMRS ports and sequences
	1-to-1

	Fujitsu
	Both DMRS ports and sequences
	1-to-1

	CMCC
	Both DMRS ports and sequences
	M-to-1 (M≥1)

	OPPO
	DMRS port only
	M-to-1 (M≥1)

	LGE
	Both DMRS ports and sequences
	

	Nokia
	
	M-to-1

	Intel
	DMRS port only
	M-to-1

	Sony
	
	M-to-1 (M≥1)

	InterDigital
	Both DMRS ports and sequences
	1-to-1, M-to-1, 1-to-M

	Panasonic
	
	M-to-1 (M≥1)

	Samsung
	DMRS port only
	M-to-1 (M≥1)

	Sierra Wireless
	
	M-to-1 (M≥1)

	Ericsson
	Both DMRS ports and sequences
	M-to-1 (M≥1)

	CAICT
	
	M-to-1 (M≥1)

	Qualcomm
	Both DMRS ports and sequences
	1-to-1, M-to-1, 1-to-M

	KDDI
	Both DMRS ports and sequences
	M-to-1 (M≥1)




Based on the companies’ preferences, we have the following two alternatives for the compromised proposal on the mapping between PRACH preamble and associated PRUs.

Proposal 3a:
· Support both DMRS port and DMRS sequences for the definition of PRU
· 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

Proposal 3b:
· gNB has the flexibility to configure either of the following two cases:
· The definition of PUSCH resource unit includes both DMRS port and DMRS sequence, 1 to 1 mapping between preamble and PRU is supported only
· Configurable number of DMRS sequences
· PUSCH resource unit includes DMRS port only, multi-to-1 mapping is supported
· Configurable number of preambles (including one or multiple) mapped to one PRU


2) Mapping order
Mapping order may be needed on top of the mapping ratio [1][3][8][10][15][20]. Several companies propose following the order of frequency first and time second ordering [1][8][10][15] for both RO and PO. The preamble and PUSCH resource unit with the same ordering index could therefore be associated [1][8]. On top of this, [3] mentioned an interlace approach for associating preamble the PUSCH resource unit for better spatial multiplexing. [8] proposed mapping preambles with different corresponding beams PUSCH units in case of multi to 1 mapping to reduce the detection error. [15] mentioned associating the preamble and DMRS with the same SSB.  

Proposal 4:
· If there is single msgA PUSCH configuration, Tthe PRACH preambles are mapped to 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 
· 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
· Redundant preambles/PRUs will not be mapped
· FFS the ordering if there are multiple PUSCH resource configurations
1.1 Scrambling RNTI
A simple way to obtain UE-specific scrambling code (considering no preamble collision) is to use the legacy RA-RNTI plus preamble index as the initialization ID. Options proposed in the submitted contributions are summarized in Table 3.
Table 3 RNTI used for msgA PUSCH scrambling
	
	RA-RNTI + preamble index
	RA-RNTI + DMRS index (including port/sequences)
	RA-RNTI + SSB index
	RA-RNTI + configured scrambling IDs

	ZTE
	
	
	
	

	Huawei
	
	
	
	

	vivo
	
	
	
	

	OPPO
	
	
	
	

	LGE
	
	
	
	

	Intel
	
	
	
	

	Sony
	
	
	
	

	Samsung
	
	
	
	

	Ericsson
	
	
	
	

	CAICT
	
	
	
	

	Qualcomm
	
	
	
	



It should be noticed that if the mapping between preambles and PRUs is 1-to-1, then the functionality of preamble index is identical to DRMS index. While if the mapping between preambles and PRUs is multiple-to-1, then preamble index should be used to make it more UE-specific. 
Therefore we have the following proposal:

Proposal 5:
· The initialization ID for msgA PUSCH scrambling is derived based on RA-RNTI and preamble index.

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
	
	Indication of waveform
	PRACH and PUSCH in the same slot (and if supported which option is preferred)

	ZTE
	
	Support for NR-U, Opt 3

	Huawei
	follow msg3 or  separately configured
	Not support

	vivo
	
	Opt 1

	Spreadtrum
	
	Opt 2

	OPPO
	follow msg3
	

	LGE
	
	Follow UL BWP (a timing gap is needed if different from preamble)

	Nokia
	separately configured
	Postpone until NR-U channel access is complete

	Intel
	
	Support, Opt 1

	Panasonic
	follow msg3 or  separately configured
	

	Samsung
	follow msg3
	Not support

	Sierra
	
	Support, either Opt 1 or Opt 2

	Ericsson
	separately configured
	Separately configure numerology for msgA PUSCH

	Qualcomm
	
	Opt 2

























Proposal 6:
· 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}.
· The waveform indication of msgA PUSCH is up to RAN2 decision.

Proposal 6a (QC):
· The preamble and payload of msgA can be transmitted in the same slot or different slots with configurable transmission gap, wherein the slot indexing and the transmission gap configuration can be based on the reference SCS (FR1: 15 kHz; FR2: 60 kHz) specified for NR Rel-15 PRACH.

FL recommendation: 
· 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.

1.3 Frequency hopping
Frequency hopping is supported in [7][8][11]. Base on evaluation result from [7], it can provide better BLER performance. And also in [8], it is considered for better PUSCH coverage. 
Since the frequency hopping may have impact on the design of msgA PUSCH configuration. 
FL recommendation: 
· FFS whether or not support frequency hopping until the msgA PUSCH configuration design is clearer.

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

	
	

	
	




Summary
The following proposals will be treated as the starting point for the discussion in RAN1#97.
Proposal 1:
· The following parameters are defined per msgA PUSCH configuration:
· Common parameters for both option 1 (separate configuration) and option 2 (relative location)
· MCS/TBS
· 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 ports/sequences (if support) per PO
· FFS whether or not support repetitions for msgA PUSCH
· FFS Duration of PRB-level guard band or guard time
· Parameters specific to option 1
· Periodicity (msgA PUSCH configuration period)
· FFS value range 
· Offset(s) or subframe/slot index(-es) 
· Time domain resource allocation, i.e. starting symbol, number of symbols per PO, number of time-domain POs in a slot
· Frequency starting point
· Parameters specific to option 2
· Single time offset with respect to each PRACH slot (FFS start or end of the PRACH slot) or each of the first PRACH slot in case of two PRACH slots in a subframe/60 kHz slot
· combination of slot-level and symbol-level indication
· Number of symbols per PO 
· FFS explicit or implicit indication
· Single frequency offset respect to the start of the first RO in frequency
· FFS: Number of TDMed POs
· Multiple msgA PUSCH configurations is supported
· 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: Resources used for UCI if indication of MsgA PUSCH configuration is by UCI.
· FFS whether the multiple PUSCH configurations are overlaid on the same time frequency resources, or use separate time frequency resources
· FFS whether the frequency resource of msgA PUSCH should be limited to the bandwidth of PRACH
· FFS validation rule of msgA PUSCH
· 


[bookmark: _GoBack]
The following proposals have not been discussed.
Proposal 2:
· Reuse the PRACH configuration tables defined in TS38.211 for the configuration of msgA PRACH
· 2-step RACH and 4-step RACH share the same PRACH configuration index	Comment by ZTE: Discuss in Emad’s summary
· The msgA (PRACH and PUSCH) association period is defined as 
· max{PRACH configuration period, msgA PUSCH configuration period}
· PO in front of RO association is not supported
· FFS SSB to PO mapping in association pattern period

Proposal 3a:
· Support both DMRS port and DMRS sequences for the definition of PRU
· 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
Proposal 3b:
· gNB has the flexibility to configure either of the following two cases:
· The definition of PUSCH resource unit includes both DMRS port and DMRS sequence, 1 to 1 mapping between preamble and PRU is supported only
· Configurable number of DMRS sequences
· PUSCH resource unit includes DMRS port only, multi-to-1 mapping is supported
· Configurable number of preambles (including one or multiple) mapped to one PRU

Proposal 4:
· If there is single msgA PUSCH configuration, Tthe PRACH preambles are mapped to 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 
· 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
· Redundant preambles/PRUs will not be mapped
· FFS the ordering if there are multiple PUSCH resource configurations

Proposal 5:
The initialization ID for msgA PUSCH scrambling is derived based on RA-RNTI and preamble index.

Proposal 6:
· 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}.
· The waveform indication of msgA PUSCH is up to RAN2 decision.
Proposal 6a (QC):
· The preamble and payload of msgA can be transmitted in the same slot or different slots with configurable transmission gap, wherein the slot indexing and the transmission gap configuration can be based on the reference SCS (FR1: 15 kHz; FR2: 60 kHz) specified for NR Rel-15 PRACH.


Reference
[1] R1-1905989	Further discussions on the channel structure of msgA	ZTE
[2] R1-1906050	Discussion on channel structure of 2-step RACH	Huawei, HiSilicon
[3] R1-1906124	Discussion on channel structure for 2-step RACH	vivo
[4] R1-1906192	Discussion on Channel Structure for Two-Step RACH	NTT DOCOMO, INC.
[5] R1-1906366	Considerations on the channel structure on 2-step RACH	Spreadtrum Communications
[6] R1-1906429	Discussion on channel structure for Two-Step RACH	Fujitsu
[7] R1-1906511	Discussion on Channel Structure for Two-step RACH	CMCC
[8] R1-1906580	On Channel Structure for 2-step RACH	OPPO
[9] R1-1906717	Discussion on Channel Structure for 2-step RACH	LG Electronics
[10] R1-1906746	On 2-step RACH Channel Structure	Nokia, Nokia Shanghai Bell
[11] R1-1906779	Discussion on channel structure for 2-step RACH	Intel Corporation
[12] R1-1906848	Considerations on Channel Structure for Two-Step RACH	Sony
[13] R1-1906858	On preamble and PUSCH mapping	InterDigital, Inc.
[14] R1-1906863	Discussion on channel structure for 2-step RACH	Panasonic Corporation
[15] R1-1906905	Channel Structure for Two-Step RACH	Samsung
[16] R1-1907127	Channel Structure for Two-Step RACH Considerations	Sierra Wireless, S.A.
[17] R1-1907180	Channel Structure for Two-step RACH	Ericsson
[18] R1-1907196	Considerations on Channel Structure for Two-step RACH	CAICT
[19] R1-1907255	Channel Structure for Two-Step RACH	Qualcomm Incorporated
[20] R1-1907446	Discussion on channel structure for two-step RACH	KDDI Corporation


Appendix A Agreements in previous meetings
In RAN1 #96 and #96bis meetings, some agreements related to the channel structure were achieved as follows.
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

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



