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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
ConfigurationAgreements:
· PUSCH occasion for 2-step RACH is defined as
· The time-frequency resource for payload transmission.
· 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 (e.g., 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


1) Opt 1 - PUSCH occasion(s) are separately configured
Opt 1 was discussed in [1][2][3][6][7][11][14][18][21]. 
Similar to resource allocation for NR configured grant, the periodicity, offset, resource size, PUSCH mapping type, enabling/disabling frequency hopping, etc. for a PUSCH occasion can be flexibly configured by broadcasting [2][6][7][18].
Basically, for the time domain resource allocation, POs are periodically configured in each PRACH periodicity. A bitmap can also be applied to indicate the time location of POs [2][11].  Another alternative is to configure PUSCH occasion using the similar mechanism as PRACH configuration [3][11][16]. For the frequency domain resource allocation, some default frequency-domain location can be defined [2], i.e. allow to allocate PUSCH occasion within associated PRACH occasion bandwidth, which may help save signaling overhead [6][13].
For separate configuration, each RO can be associated with one or multiple POs [1][2][15][18][20], wherein each PUSCH occasion occupies contiguous subcarriers and symbols, and the size of PUSCH occasions can be different.
Opt 1 can provide flexible configuration of PUSCH resource and can be forward compatible [3]. However, it may also complicate 2-step RACH operation and gNB receiver [7], and the association role between PRACH and PUSCH is complicated and shall be adapted to the change of PUSCH ROs [21]. 
PO group or a set of resources containing multiple PUSCH occasions can be defined to reduce signaling overhead by (partly) sharing same configurable parameter in a group [2][15][18].

2) Opt 2 - PUSCH occasion(s) configuration based on relative location
Opt 2 was discussed in [1][2][5][6][7][8][9][11][14][17][18][21].

For Opt 2, each RO in a RO period can be associated with one or multiple POs as well [1][5][8][9][11][12][17][18].
Compared with opt1, opt 2 can avoid additional signaling between UE and gNB related to PUSCH MsgA allocation because the association is included in the configuration [5][7][17][21], but at the cost of less flexibility, and may need more specification effort to introduce such configuration mechanism in SIB [2][3]. 
Among different alternatives under Opt 2, alt.3 or 4 are proposed by multiple companies [1][8][11][18] at least to enable flexible configuration of the time gap between PRACH and PUSCH. Compared with alt.3, alt. 4 provides more flexibility for the mapping between RO(s) preambles and PO(s), at the cost of more signalling overhead required. 
Similarly, PO group or a set of resources containing multiple PUSCH occasions can be defined [1][8][11][13][15], so that only the time/frequency offset between the starting point of the PO group and the associated RO(s) needs to be semi-statically configured, and the location of each PO within the PO group can be derived from the RO/preamble index based on a predefined mapping rule [1][8].


Considering that there are pros and cons for both options, we may postpone the down-selection between Opt 1 and different alternatives of Opt 2, depending on further comparisons/evaluations, based on the detailed mapping designs between PRACH and PUSCH.
A common idea for both options is that, in order to reduce the signalling overhead for the configuration, the POs can be configured in a group manner. 

Updated Proposal 1:
· 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.

· 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


Updated proposal 2:
· 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

Updated proposal 6: 
· 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

· The following options of waveform for msgA payload has been discussed in RAN1
· Opt 1: follow the same waveform of msg3 as msg3-Transformprecoder
· Opt 2: separate configured, which may or may not be the same as msg3

Any comments?
	Company
	View

	Qualcomm
	We think additional discussion is necessary for a unified definition of PUSCH occasion or PUSCH resource unit, to clarify whether DMRS ports are included. Regarding Opt1 and Opt2 for PUSCH occasion configuration, we think both can be supported, depending on the RRC state of two-step RACH operation.

	
	



Detailed mapping between PRACH preamble and PUSCH + DMRS
For both opt 1 and opt 2, apart from the association between RO and PO, the mapping between preamble and DMRS port for each associated PO should be further defined. 

1) Mapping ratio
The following mapping ratios are mentioned in the submitted TDocs, taking into account the trade-off between the reserved resource overhead and DMRS collision probability:.
1) One-to-one mapping between preambles in each RO and DMRS ports in the associated PUSCH occasion(s) [1][2][3][8][9][10][12][14][18][20].
2) Multiple-to-one mapping between preambles in each RO and DMRS ports in the associated PUSCH occasion(s) [1][4][9][14][18].
3) One-to-multiple mapping between preambles in each RO and DMRS ports in the associated PUSCH occasion(s) [10][18].

Possible proposal 2:
· At least support one-to-one mapping between preambles in each RO and DMRS ports in the associated PUSCH occasion(s)
· FFS multiple-to-one or one-to-multiple mapping, considering the trade-off between reserved resource overhead and DMRS collision probability.

1) Mapping order
The mapping order between preambles and POs within a cycle RACH periodicity is also proposed in [3] and [20], e.g. the order of preamble index in RO(s) increase in code domain, frequency domain and then time domain. The order of PO index increase in code domain, frequency domain, and then time domain [20].
Possible proposal 3:
· 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 DMRS 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

Guard time/Guard period
Majority companies propose to reserve a time gap between preamble and payload [5][13][18][31][32][34][35][36],  in order to facilitate the UE implementation in terms of the switching of numerology, sampling frequency, and transmission power etc as well as the receiver implementation like preamble decoding. It is noticed that for NR-U case, there should be no time gap or several symbolsa configurable time gap in order to avoid the need of multiple LBT. For large cell case, when the round-trip delay exceeds the CP, the time gap can also be used for handling the issue of cross-slot interference. Similarly, a guard period in PUSCH resource is also proposed [6][18][34][35], e.g. to leave the last symbol blank to avoid the cross-symbol interference due to the timing offset. The detailed value depends on the cell size.
In addition, several companies also consider to have the PRACH and PUSCH configured in the same slot [4][13][14][15]. It should be noticed that in NR, a UE is not allowed to transmit PRACH and PUSCH within the same slot. It should be further checked whether this constrain should be also applied for the msgA transmission.

Possible proposal 4:
· A configurable time gap between preamble and payload should be supported
· FFS the range or candidate values
· The PUSCH resource configured with a guard period can be supported, regarded as implementation issue
· FFS whether PRACH and PUSCH can be configured in the same slot

Any comments?
	Company
	View

	Qualcomm
	We think the duration of the time gap between msgA preamble and payload should be configurable. For two-step RACH operation on licensed spectrum, a few candidate values (e.g. {0, x, y} symbols) can be specified; for two-step RACH on unlicensed spectrum, the candidate values should depend on the LBT mechanisms adopted by NR and are up to the decisions of NR-U.


	
	




msgA payload

Payload size(s), MCS(s) and time-frequency resource size(s) of PUSCH in msgA
Most of the companies propose to have configurable MCS and resource size(s) for payload transmission [1] [2] [5][7][9][15][18]. Several companies propose to support 56/72 bits payload size to accommodate the CCCH message[1][2][15]. Larger payload size have been proposed in[18] and evaluations have been done for larger payload size in [6]. The MCS and resource size are also related to the payload size to be carried [6]. And the combinations of the payload size, MCS and resource size should be limited [1][2][4] [7][9][12][15][18], e.g. limited as QPSK with a single[12] or up to 2 code rates[4], the number of PRBs used for payload transmission may be limited [11][12]. In addition, it is proposed in [6][15] that repetition of payload can be supported for the coverage enhancement of payload transmission according to the simulation results. The indication of MCS, payload size ,resource size could be done via preamble group[1][2][4][7][15] [18] or UCI[7][8][11][18] if a set is configured to the UEs. If the combination of  {MCS, time-frequency resource size} is reduced to a single value, it could be broadcast with system information.

Possible proposal 54: 
· A limited number X of {payload size, MCS} configurations should be supported. 
· FFS the value of X and the MCS/resource size values, taking into account the msgA content and RRC state.
· FFS the indication of configuration, e.g. implicitly indicated (associated with preamble index/group), explicitly indicated (carried in UCI transmitted together with PUSCH payload), or semi-statically configured (in the system information).
· FFS whether to support slot repetition for payload transmission.

Any comments?
	Company
	View

	
	

	
	



Configuration of payload data transmission
Numerology and waveformAgreements:
· 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
· E.g., when short preamble is used (L=139)


Regarding the 2 options of msgA PUSCH numerology determination, majority companies [2][8][9][15][20] preferred to re-use that of UL BWP to avoid the potential conflict caused by following the PRACH numerology.
During the RAN1# 96 meeting, it has been agreed to further study the indication of waveform. The indication can be done in the system information. A parameter similar to the msg3-transformPrecoder IE used for msg3 in 4-step RACH could be defined [8][9][12][15]. [9] proposed to include the IE in SIB1.
Possible proposal 65: 
· Down-select from the following alternatives, for the numerology of msgA PUSCH:
· Alt 1: The numerology for msgA PUSCH follow the numerology configured for the UL BWP for msgA transmission, if the time gap between PRACH preamble and msgA PUSCH is larger than or equal to X
· FFS the value of X, X>=1 PUSCH slot. 
· FFS the numerology for msgA PUSCH if the gap between PRACH preamble and msgA PUSCH is less than X
· Alt 2: The numerology for msgA PUSCH should always follow the numerology configured for the UL BWP for msgA transmission 
· It can be left to implementation if the same numerology is desired for msgA preamble and PUSCH.
· The following options of waveform for msgA payload has been discussed in RAN1
· Opt 1: follow the same waveform of msg3 as msg3-Transformprecoder
· Opt 2: separate configured, which may or may not be the same as msg3
Any comments?
	Company
	View

	
	

	
	



Scrambling ID for payload data
For the msg3 data transmission in legacy 4-step RACH, TC-RNTI/C-RNTI is needed for the initialization of scrambling sequence. For the 2-step RACH, especially for the msgA transmission from RRC_IDLE/RRC_inactive, TC-RNTI/C-RNTI is not available. So it is necessary to discuss which initiation ID to be used for the generation of scrambling sequences. Since there exist cases where multiple UEs selected the same RO are multiplexed on the same PUSCH resource, more inputs can be considered to make the scrambling code distinguishable, such as UE-ID, preamble index, DMRS port index [1][2][6][8][18]. [18] proposed a formula for the RNTI calculation to generate the msgA scrambling code. Moreover, configured scrambling ID could also be considered for the PUSCH as well as the DMRS scrambling [2][15].

Possible proposal 76: 
· Consider the following scrambling ID for the payload transmission in msgA, for potential down-selection
· Modified from Rel.15 RA-RNTI, e.g. incorporate with UE-ID, preamble index or DMRS port index.
· New RNTI values, e.g. for monitoring the PDCCH scheduling the msgB transmissions, if defined
· Configured scrambling ID by gNB


Any comments?
	Company
	View

	Qualcomm
	We think the new RNTI related to CRC scrambling of msgB/PDCCH should be discussed separately, since proposal 6 is about bit level scrambling of msgA payload transmission. 

	
	



Others
Any missing issue in this summary?
	Company
	View

	
	

	
	



Evaluation
Several companies provided evaluation results on the payload size or collision probability [6][12] [16][18][23][24][25][26][27][28][30]. Details can be found in the Appendix C. Those evaluation results can be useful for the determination of payload size, mapping designs, etc.
Moreover, different system level assumptions may have influence on the distribution of coupling loss, and thus impact the observations on the payload size evaluations [29]. It would be helpful to draw meaningful results if the SLS assumptions are aligned. The assumptions used in the recent evaluations done in NOMA study can be referred, with the ISD/carrier frequency revised according to the LLS assumptions.
Possible proposal 87:
· Adopt the following SLS assumptions for the evaluations of feasible payload size.
	Parameters
	Case 1
	Case 2
	Case 3
	Case 4

	Layout
	Single layer - Macro layer: Hex. Grid

	Inter-BS distance
	1732m
	500m
	200m
	25km

	Minimum distance between UE and BS
BS antenna height
	35m 
	10m
	10m
	35m

	Carrier frequency
	700MHz
	4GHz
	4GHz
	700MHz

	Bandwidth
	10MHz

	Channel model
	UMa in TR 38.901
	Rural deployment in ITU-R P.1546-5

	BS Tx power
	46 dBm
	46 dBm
	41 dBm
	[46] dBm

	BS antenna configurations
	(M, N, P, Mg, Ng) = (10, [1,2,4], 2, 1, 1), +-45 Polarization;
(dH, dV) = (0.5, 0.5)λ;

	BS antenna downtilt
	92
	98
	102
	[92]

	BS antenna height
	25m
	[35]m

	BS antenna element gain + connector loss
	8 dBi, 0dB cable loss

	BS receiver noise figure
	5dB

	UE Tx power
	Max 23 dBm

	UE antenna configuration
	1 (vertical polarization)

	UT array orientation
	uniformly distributed on [0,360] degree

	UE antenna gain
	0dBi

	UE receiver noise figure
	9dB

	UE distribution and antenna height
	Follow the modelling of TR 38.901

	UE power control
	Open loop PC, P0 = [-80, -90, -100] dBm, alpha = 1.

	HARQ/repetition
	1

	UE attachment
	Refer to 36.873



Summary 
The following proposals to be presented online

Updated proposal 2:
· 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

[bookmark: _GoBack]Updated Proposal 1:
· 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.

· 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

Updated proposal 6: 
· 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


The following proposals have not been fully discussed during the offline session.
Possible proposal 3:
· 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 DMRS 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
Possible proposal 4:
· A configurable time gap between preamble and payload should be supported
· FFS the range or candidate values
· The PUSCH resource configured with a guard period can be supported, regarded as implementation issue
· FFS whether PRACH and PUSCH can be configured in the same slot
Possible proposal 54: 
· A limited number X of {payload size, MCS} configurations should be supported. 
· FFS the value of X and the MCS/resource size values, taking into account the msgA content and RRC state.
· FFS the indication of configuration, e.g. implicitly indicated (associated with preamble index/group), explicitly indicated (carried in UCI transmitted together with PUSCH payload), or semi-statically configured (in the system information).
· FFS whether to support slot repetition for payload transmission.
Possible proposal 78:
· Adopt the following SLS assumptions for the evaluations of feasible payload size.
	Parameters
	Case 1
	Case 2
	Case 3
	Case 4

	Layout
	Single layer - Macro layer: Hex. Grid

	Inter-BS distance
	1732m
	500m
	200m
	25km

	Minimum distance between UE and BSBS antenna height
	35m 
	10m
	10m
	35m

	Carrier frequency
	700MHz
	4GHz
	4GHz
	700MHz

	Bandwidth
	10MHz

	Channel model
	UMa in TR 38.901
	Rural deployment in ITU-R P.1546-5

	BS Tx power
	46 dBm
	46 dBm
	41 dBm
	[46] dBm

	BS antenna configurations
	(M, N, P, Mg, Ng) = (10, [1,2,4], 2, 1, 1), +-45 Polarization;
(dH, dV) = (0.5, 0.5)λ;

	BS antenna downtilt
	92
	98
	102
	[92]

	BS antenna height
	25m
	[35]m

	BS antenna element gain + connector loss
	8 dBi, 0dB cable loss

	BS receiver noise figure
	5dB

	UE Tx power
	Max 23 dBm

	UE antenna configuration
	1 (vertical polarization)

	UT array orientation
	uniformly distributed on [0,360] degree

	UE antenna gain
	0dBi

	UE receiver noise figure
	9dB

	UE distribution and antenna height
	Follow the modelling of TR 38.901

	UE power control
	Open loop PC, P0 = [-80, -90, -100] dBm, alpha = 1.

	HARQ/repetition
	1

	UE attachment
	Refer to 36.873
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Appendix A: Objective in 2-step RACH WID
The work item aims to specify 2-step RACH as general MAC procedure covering both physical layer and higher layer aspects. Only Contention based RACH procedures are specified for 2-step RACH. All the objectives are applicable for both licensed and unlicensed spectrum except for the bullet under “For unlicensed operation” where additional work dedicated to unlicensed spectrum will be done after completion of unlicensed spectrum aspects of 4-step RACH in NR-U WI.

2-step RACH [RAN1, RAN2]
· 2-step RACH shall be able operate regardless of whether the UE has valid TA or not.
· 2-step RACH is applicable to any cell size supported in Rel-15 NR;
· 2-step RACH is applied for RRC_INACTIVE , RRC_CONNECTED and RRC_IDLE state
· Specify contention-based 2-step RACH procedure (RAN2)
· Channel structure of msgA is Preamble and PUSCH carrying payload (RAN1)
· Only reuse the Rel-15 NR PRACH Preambles design. 
· Only reuse the Rel-15 NR PUSCH including Rel-15 DMRS for transmission of payload of msgA
· No new CP length and no sub-PRB guard subcarrier(s)
Note 1: The above sub-bullet is to ensure that signal structure optimizations for any specific cell size (e.g. cells with RTT larger than Rel-15 PUSCH CP duration) are not pursued.
· Specify the mapping between the PRACH preamble and the time-frequency resource of PUSCH in msgA+ DMRS
· PRACH Preamble and PUSCH in a msgA is TDMed
· Specify the supported MCS(s) and time-frequency resource size(s) of PUSCH in msgA
· Consider the msgA payload contents determined by RAN2
· Specify power control of PUSCH of msgA
· Specify msgA’s content: to include the equivalent contents of msg3 of 4-step RACH (RAN2/RAN1)
· Inclusion of UCI in msgA is not precluded
· Specify msgB’s content: to include the equivalent contents of msg2 and msg4 of 4-step RACH (RAN1/RAN2)
· Contention resolution for 2-step RACH (RAN2)
· Design of RNTI for msgB of 2-step RACH (RAN2)
· Specify the fall back procedure from 2-step RACH to 4-step RACH (RAN2/RAN1)
· All triggers for Rel-15 NR 4-step RACH are applied for 2-step RACH except for SI Request and BFR which are up to RAN2 discussion
· No new triggers for 2 step RACH

For unlicensed operation:
· After PRACH and PUSCH design enhancements are completed for NR-U in the Rel-16 NR-U WI, identify and specify the necessary modification of 2-step RACH design for its application in NR-U(RAN1/RAN2)

Note 2: UP data transmission in RRC_IDLE and RRC_INACTIVE state is not in the scope. UP data transmission in RRC_CONNECTED mode as in Rel-15 NR is supported. 

Appendix B: Agreements in RAN1#96
Agreements:
· PUSCH occasion for 2-step RACH is defined as
· The time-frequency resource for payload transmission.
· 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 (e.g., 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:
· 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
· E.g., when short preamble is used (L=139)
Agreements:
· Adopt the link-level simulation assumptions in the following table for the initial evaluation of feasible payload size, and for the potential down-selection of schemes, e.g.
· whether to have shared ROs and/or preambles between 2-step RACH and 4-step RACH, and if yes the percentage for partitioning
· whether to have the guard time between PRACH and PUSCH and/or guard period within PUSCH, and if yes the length of GT/GP
· the mapping scheme between preamble and PUSCH+DMRS, .e.g 1-to-1, multiple-to-1, or 1-to-multiple
· appropriate power offset(s) between preamble and PUSCH, and whether to support repetition of MsgA PUSCH
· whether to have UCI in msgA PUSCH, if a PUCCH transmission overlaps the PUSCH part of MsgA
· whether to dynamically adapt the payload size and indicate by UCI in msgA PUSCH, and if yes the content and structure of UCI
· FFS other schemes, e.g. whether guard band is included
· Additional system-level simulations or analytical evaluations can be considered for the following analysis:
· Latency
· Signalling overhead
· Resource reservation overhead
· PUSCH collision, with definition FFS, e.g. overlapped PUSCH occasion, with shared or separate DMRS port, and with same or different scrambling ID
· Rx detection complexity
· Note 1: the supported/recommended payload size from RAN1 perspective may also need to take other factors into account, e.g. use cases, resource utilization.
· Note 2: the WID scope should be strictly followed when using the evaluation results for the comparison of schemes.
	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
	Company report

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

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

	TBS
	1) 56 bits as starting point for minimum payload size, other values are not precluded
2) Company report for the evaluation of payload size 

	MCS and Resource size
	Company report the MCS, time/frequency resource size, and DMRS overhead.  Strive to agree to some common values in RAN1#96bis.

	Number of UEs
	1 as a starting point;
FFS: 2 or more for evaluation of shared PUSCH occasion or interference from the adjacent PUSCH resource, 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 C: Evaluation results
	ZTE [R1-1903881]
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(a) Preamble Format 0
[image: ]
(b) Preamble Format B1
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(c) Comparison between 2Rx and 4Rx
Figure 1 BLER vs. SNR for 1 PRB payload 
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(a) Preamble Format 0
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(b) Preamble Format B1
[image: ]
(c) Comparison between 2Rx and 4Rx
Figure 2 BLER vs. SNR for 6 PRB payload

Table 1 Link budget calculation with 4G+200m Format B1
	
	10bytes
	40bytes
	80bytes
	120bytes
	160bytes

	Transmitter
	
	
	
	
	

	(1) Tx Power (dBm)
	23
	23
	23
	23
	23

	Receiver
	
	
	
	
	

	(2) Thermal noise density (dBm/Hz)
	-174
	-174
	-174
	-174
	-174

	(3) eNB receiver noise figure (dB)
	5
	5
	5
	5
	5

	(4) Interference margin (dB)
	0
	0
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	2160000
	2160000
	2160000
	2160000
	2160000

	(6) Effective noise power 
= (2)+(3)+(4)+10log((5)) (dBm)
	-105.66
	-105.66
	-105.66
	-105.66
	-105.66

	(7) Required SINR (dB) (Target BLER=0.1)
	-5
	-0.5
	2.3
	4.8
	7

	(8) Receiver sensitivity = (6)+(7) (dBm)
	-110.66
	-106.16
	-103.36
	-100.86
	-98.66

	(9) Receiver processing gain
	0
	0
	0
	0
	0

	(10) MCL = (1)-(8)+(9) (dB)
	133.66
	129.16
	126.36
	123.86
	121.66




Figure 3 Coupling loss distribution in different scenarios

· 700MHz + 1732m, 2Rx
Table 2 Supported percentage with 6 PRB, Preamble Format 0
	Supported percentage
	10bytes
	40bytes
	80bytes
	120bytes
	160bytes

	MCL (dB)
	138.37
	132.67
	129.67
	126.87
	124.67

	700MHz + 1732m
	95%
	82%
	72%
	63%
	56%


Table 3 Supported percentage with 1 PRB, Preamble Format 0
	Supported percentage
	10bytes
	20bytes
	30bytes

	MCL (dB)
	137.65
	134.25
	130.45

	700MHz + 1732m
	93%
	86%
	75%



· 4GHz + 500m, 4Rx
Table 4 Supported percentage with 6 PRB Format B1
	Supported percentage
	10bytes
	40bytes
	80bytes
	120bytes
	160bytes

	MCL (dB)
	136.36
	133.96
	131.16
	129.16
	126.66

	4GHz + 500m
	92%
	87%
	81%
	76%
	69%


Table 5 Supported percentage with 1 PRB Format B1
	Supported percentage
	10bytes
	20bytes
	30bytes

	MCL (dB)
	138.14
	135.24
	131.74

	4GHz + 500m
	95%
	90%
	82%



· 4GHz + 200m, 2Rx
Table 6 Supported percentage with 6 PRB Format B1
	Supported percentage
	10bytes
	40bytes
	80bytes
	120bytes
	160bytes

	MCL (dB)
	133.66
	129.16
	126.36
	123.86
	121.66

	4GHz + 200m
	100%
	99%
	99%
	99%
	98%


Table 7 Supported percentage with 1 PRB Format B1
	Supported percentage
	10bytes
	20bytes
	30bytes

	MCL (dB)
	133.64
	130.44
	126.74

	4GHz + 200m
	100%
	99%
	99%



Observation 1: For a minimum resource size with 1 PRB and 1 slot, the minimum payload size same as msg3 (i.e. 56/72 bits) can be supported in different scenarios (cell size with 200, 500, 1732m). Larger payload sizes or cells sizes can be supported by allocating more resources or adding receiving antennas.

1. All 64 Preambles are mapped to 1 PUSCH resource (6 PRB), the DRMS port for each preamble index is mapped as DMRS_port_index = mod(preamble_index, 12), and thus there is a probability of DMRS collision 1/12, as illustrated in Figure 4-(1).
2. All 64 Preambles are divided into 2 groups, each group of Preambles are mapped to 1 PUSCH resource (3 PRB), then there is a probability of DMRS collision of 1/24, as illustrated in Figure 4-(2).
3. All 64 Preambles are divided into 4 groups, 2 groups of Preambles are mapped to 2 PUSCH resource (1 PRB), and the other 2 groups of Preambles are mapped to 2 PUSCH resource (2 PRB), then there is a probability of DMRS collision (1/48) , as illustrated in Figure 4-(3).
4. All 64 Preambles are divided into 6 groups, each group of Preambles are mapped to 1 PUSCH resource (1 PRB), then there is no DMRS collision, as illustrated in Figure 4-(4). 
[image: ]
Figure 4. Possible mapping between preambles and PUSCH occasions.
[image: ] [image: ]
(a) 1T2R      				(b) 1T4R
Figure 5 BLER vs. SNR for 2UEs with Preamble Format 0
[image: ] [image: ]
(a) 1T2R      				(b) 1T4R
Figure 6 BLER vs. SNR for 2UEs with Preamble Format B1

[image: ] [image: ]
(a) 1T2R      				(b) 1T4R
Figure 7 BLER vs. SNR for 2UEs with Preamble Format B3
Observation 2: Given the same PUSCH resource overhead, it would be preferred to have PRACH preambles mapped to up to 2 PUSCH occasions.
[image: ]
Figure 8 BLER vs. SNR for 2UEs with DMRS collision
Observation 3: As long as the timing offset (non-zero) can be accurately estimated by preamble and compensated at the receiver, the performance impact of DMRS collision can be alleviated.


	Ericsson [R1-1904844]
[bookmark: _Ref4767669]
Table 1: Parameters for minimum payload size evaluations
	Parameters
	Values 

	The number of PUSCH symbols & PUSCH scheduling type
	14, Type A

	PUSCH DMRS configuration
	Type 1, with [2 or 3] DMRS symbols

	Number of PUSCH PRBs
	[1]

	Repetition or retransmission
	[2], for cases targeting low BLER such as 1%


[bookmark: _Ref4767683]
Table 2: System level parameters for coverage evaluations
	Parameters
	Values 

	Layout
	Single layer - Macro layer: Hex. Grid, 57 cells

	Inter-BS distance
	200m

	Carrier frequency
	4 GHz

	Channel model
	UMi in TR 38.901

	UE Tx power
	Max 23 dBm

	BS antenna configurations
	2 ports: (M, N, P, Mg, Ng) = (10, [1,2,4], 2, 1, 1), +-45 Polarization
dH = dV = 0.5λ;

	BS antenna downtilt
	102

	BS antenna height
	25m

	BS antenna element gain + connector loss
	8 dBi, 0dB cable loss

	BS receiver noise figure
	5dB

	UE antenna configuration
	1

	UE antenna height
	Follow the modelling of TR 38.901

	UE antenna gain
	0dBi

	UE distribution
	Follow the modelling of TR 38.901

	UE attachment
	Refer to 36.873



Observations:
· The capacity benefit for 2-step RACH used with small data applications is not likely to come from optimizing the capacity of msgA PUSCH 
· Capacity of PUSCH that can be scheduled after msgB can be substantially better than msgA due to better link adaptation, scheduling flexibility, etc.
· However, for e.g. small cells, the SNR is likely to be quite high over a substantial part of the cell, so some ability to support different msgA sizes has potential.
Proposals:
· Link level evaluations simulate a single UE as a starting point
· The need for evaluations of 2-step RACH collision among UEs should be further studied
· Any such evaluations take into account all relevant ‘system’ behaviors
· Study the benefit of variable msgA payload size
· 2-step RACH link level evaluations include the parameters and values in Table 1
· 2-step RACH coverage evaluations use the parameters and values in Table 2 for the 200m ISD UMi scenario

Ericsson [R1-1904845]
[image: ]
[bookmark: _Ref4597563]Figure 1: Single User SNR CDF in 200m ISD UMi 
Observations:
· The SNR can be quite high over much of a UMi cell: median SNRs are on the order of 13 dB over a wide range of power control settings.
· A UMi cell can have relatively low cell edge SNRs: about -2.0 and -1.5 dB at the 5% and 10% CDF points, respectively.
[image: ] [image: ]
[bookmark: _Ref4591952]Figure 2: Operating SNR and Bandwidth Normalized Operating SNR vs. Number of PRBs, 7 symbol slot
[image: ] [image: ]
[bookmark: _Ref4784615]Figure 3: Operating SNR and Bandwidth Normalized Operating SNR vs. Number of PRBs, 14 symbol slot
Observations
In a 200m ISD UMi scenario with gNB 4 Rx antennas,
· 2 PRBs seems a reasonable size for 56 bit payloads with 7 symbols 
· The reduction in required SNR for a fixed transmit power drops fairly quickly (by about 1 dB) from 1-2 PRBs for both 1% and 10% BLER, and flattens quickly thereafter.
· 1 PRB should be sufficient to carry 56bits when 4 Rx antennas are used with 14 symbols
· The reduction in required SNR vs. the number of PRBs is quite flat, only varying a few tenths dB up to 4 PRBs.
· Operating SNRs for 2 PRBs with 56 bit payloads for 7 symbols are on the order of:
· -7.5 dB for 10% BLER
· -4.4 dB for 1% BLER
· Operating SNRs for 1 PRB with 56 bit payloads for 14 symbols are on the order of:
· -8.3 to for 10% BLER
· -4.9 to for 1% BLER

In Table 1 below, the margin over the outage at a given outage rate is calculated as the (SNR at the outage rate) – (margin for impairments) – (the normalized operating SNR).
[bookmark: _Ref4782650]Table 1: Coverage of 56 bit msgA vs. outage and BLER
	5% CDF point (dB) 
	-2
	
	
	
	
	
	
	
	

	10% CDF point (dB)
	1.5
	
	
	
	
	
	
	
	

	Impairments (dB)
	2
	
	
	
	
	
	
	
	

	
	Normalized Operating SNR
	Margin over 5% Outage
	Margin over 10% Outage

	
	7 symbol (2 PRBs)
	14 symbol (1 PRB)
	7 symbol (2 PRBs)
	14 symbol (1 PRB)
	7 symbol (2 PRBs)
	14 symbol (1 PRB)

	1% BLER
	2.2
	-1.8
	-6.2
	-2.2
	-2.7
	1.3

	10% BLER
	-1.2
	-5.0
	-2.8
	1.0
	0.7
	4.5



Observations:
In a 200m ISD UMi scenario with gNB 4 Rx antennas,
· A 14 symbol slot seems needed to reach 5% outage at 10% BLER with 56 bit payloads
· Repetition or retransmission seems needed to reach 5% outage for 1% BLER with 56 bit payloads
Proposals:
· 2-Step RACH simulations of minimum payload size include configurations with a 14 symbol slot
· Further study repetition and retransmission for low coverage and/or low BLER targets.


	Huawei [R1-1904684]
Miss-detection rate and false-alarm rate

· the required SNR values to meet the given performance requirements are summarized as Table 1 if the target ; 
· the link budget for different preamble formats is further analyzed in Table 2, showing that the MCL for preamble format 0, A1, A2, A3 are 143.8dB, 130.3dB, 133.3dB, and 134.9dB, respectively with .
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	(a). Format 0, SCS=1.25 kHz
	
	(b). Format A1, SCS=30 kHz
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	(c). Format A2, SCS=30 kHz
	
	(d). Format A3, SCS=30 kHz


Figure 1. Miss-detection rate and false-alarm rate of preamble detection

Table 1. Minimum SNR values to meet the requirements of  and  
	Preamble format
	
	Minimum SNR value (dB)

	0
	
	-13.2

	
	
	-12.0

	A1
	
	-6.7

	
	
	-4.5

	A2
	
	-9.7

	
	
	-7.5

	A3
	
	-11.5

	
	
	-9.1



Table 2. Link budget calculation of different preamble formats
	Preamble Format
	0
	A1
	A2
	A3

	(1) Tx Power (dBm)
	23
	23
	23
	23

	(2) Thermal noise density (dBm/Hz)
	-174
	-174
	-174
	-174

	(3) eNB receiver noise figure (dB)
	5
	5
	5
	5

	(4) Interference margin (dB)
	0
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	1.04875e6
	4.17e6
	4.17e6
	4.17e6

	(6) Effective noise power 
= (2)+(3)+(4)+10log((5)) (dBm)
	-108.8
	-102.8
	-102.8
	-102.8

	(7) Required SINR (dB)
 ()
	-12.0
	-4.5
	-7.5
	-9.1

	(8) Receiver sensitivity = (6)+(7) (dBm)
	-120.8
	-107.3
	-110.3
	-111.9

	(9) Receiver processing gain
	0
	0
	0
	0

	(10) MCL = (1)-(8)+(9) (dB)
	143.8
	130.3
	133.3
	134.9



Timing and frequency offset estimation
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	(a). Performance of TA estimation for ISD=200 m
	(b). Performance of FO estimation for ISD=200 m

	[image: ]
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	(c). Performance of TA estimation for ISD=1732 m
	(d). Performance of FO estimation for ISD=1732 m


Figure 2. Estimation error of frequency offset for different preamble formats and ISDs
Observation 1: The estimation of timing offset can be comparably accurate irrespective ISD.  
Observation 2: The estimation error of frequency offset is higher than or close to the average frequency offset for minimum SNR values meeting the requirements of miss-detection and false-alarm. 

Payload Size
In the following evaluation, the target BLER of initial transmission is set to be 1%. 
Table 3. Simulation cases for payload size
	Case
	# of PRBs
	Modulation
	TBS

	0
	1
	QPSK
	72

	1
	2
	QPSK
	72

	2
	6
	QPSK
	72

	3
	3
	16QAM
	1000

	4
	6
	QPSK
	1000

	5
	12
	QPSK
	1000
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	(a). TBS=72 bits
	(b). TBS=1000 bits


Figure 3. BLER performance of different cases for single UE case

Table 4. Link budget calculation of different payload sizes
	Case
	0
	1
	2
	4
	5
	5

	SCS (kHz)
	30
	30
	30
	60
	30
	60

	TBS
	72
	72
	72
	1000
	1000
	1000

	(1) Tx Power (dBm)
	23
	23
	23
	23
	23
	23

	(2) Thermal noise density (dBm/Hz)
	-174
	-174
	-174
	-174
	-174
	-174

	(3) eNB receiver noise figure (dB)
	5
	5
	5
	5
	5
	5

	(4) Interference margin (dB)
	0
	0
	0
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	3.6e5
	7.2e5
	2.16e6
	4.32e6
	4.32e6
	8.64e6

	(6) Effective noise power 
= (2)+(3)+(4)+10log((5)) (dBm)
	-113.4
	-110.4
	-105.6
	-102.6
	-102.6
	-99.6

	(7) Required SINR (dB) 
	6.5
	2.8
	-2.5
	8.6
	5.3
	2.9

	(8) Receiver sensitivity = (6)+(7) (dBm)
	-106.9
	-107.6
	-108.1
	-94.0
	-97.3
	-96.7

	(9) Receiver processing gain
	0
	0
	0
	0
	0
	0

	(10) MCL = (1)-(8)+(9) (dB)
	129.9
	130.6
	131.1
	117.0
	120.3
	119.7



Observation 3: When payload size is 72 bits, the MCL is close to that of short preambles (format A1, A2, A3), and more than 10dB worse than that of long preamble (format 0).
Observation 4: When payload size is 1000 bits, the MCL is more than 10dB worse than that of short preambles (format A1, A2, A3), and more than 23dB worse than that of long preamble (format 0), which potentially require more repetitions for payload transmission thus likely larger latency compared to Rel-15 4-step RACH.
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	(a). TBS=72bits, 6PRB, SCS=30 kHz
	(b). TBS=1000bits, 12PRB, SCS=30 kHz


Figure 4. BLER performance for multiple UE cases
Observation 5: With small payload size, more UEs can be multiplexed in the same PO, and higher resource utilization can be achieved.
Proposal: At least 56 or 72 bits are supported for the MsgA payload, FFS other payload size.

Huawei [R1-1904685]
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	(a). 
	(a). 


Figure 1. Collision probability for multiple preamble groups
Observation 3: For the case with multiple preamble groups, the collision probability increases if the traffic load with respect to the available PRACH resource is not matched.
Observation 4: The number of UEs performing contention-based 2-step RACH on the same RO needs to be small to avoid large collision probability and error floor in BLER performance.

	Nokia [R1-1904717]

Latency and resource reservation comparison


[bookmark: _Ref4006647]Figure 6: Average latency in slots for 4-step RACH and 2-step RACH. For 2-step RACH M is the number of PUSCH occasions associated with a PRACH occasion.
Observation 1: The availability of multiple antenna ports increases the 2-step RACH performance.
Proposal 1: The use of multiple antenna ports in the PUSCH resources for MsgA should be considered in 2-step RACH.

[bookmark: _Ref4006956]Figure 7: PUSCH resource reservation and usage for four-step RACH and 2-step RACH. For 2-step RACH M is the number of PUSCH occasions associated with a PRACH occasion.

Observation 2: The benefit of reduced latency with 2-step RACH is accompanied by an increase in PUSCH resource reservation and usage.


	VIVO [R1-1904061]

Payload sizes
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                                              Figure 1:  BLER vs. SNR of different payload size with 2/4/6 PRBs 

Table 1: Required SNR and MCL with PUSCH target BLER = 1% (2, 4, or 6 PRBs)
	
	2 PRBs
	4 PRBs
	6 PRBs

	Payload size (bits)
	Required SNR (dB)
	MCL (dB)
	Required SNR (dB)
	MCL (dB)
	Required SNR (dB)
	MCL (dB)

	TBS=56
	1.9
	124.5
	-2.1
	125.5
	-3.9
	125.5

	TBS=96
	3.6
	122.8
	-0.3
	123.7
	-2.5
	124.1

	TBS=224
	7.2
	119.2
	2.3
	121.1
	0.11
	121.5

	TBS=320
	9.4
	117.0
	4.2
	119.2
	1.4
	120.2

	TBS=456
	13.0
	113.4
	5.6
	117.8
	2.8
	118.8




[bookmark: OLE_LINK3][bookmark: OLE_LINK2]Observation 1: From MCL perspective, PRB size 4 and PRB size 6 provides better performance than smaller PRB size.



	InterDigital [R1-1904848]


[image: ]
Figure 1 BLER vs SNR in 700MHz TDL-A 3 kph 2 Rx

[image: ]
Figure 2 Required SNR vs payload size
[image: ]
[bookmark: _Ref4679053][bookmark: _Ref4678998]Figure 3 Coupling loss distribution in RMa 700MHz 1732 ISD

[image: ]
[bookmark: _Ref4661606][bookmark: _Ref4661563]Figure 4 MCL vs payload

Observation 1: Assuming 10% target BLER, up to 160 bits payload can be supported in 1732m RMa 700MHz deployment scenario with a transmission bandwidth of 6 PRBs. 


	Intel [R1-1904280]


	MsgA PRACH
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	MsgA PUSCH
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[bookmark: _Ref4522711][bookmark: _Ref4522689]Figure 3. Link level simulation results for MsgA PRACH and PUSCH
[bookmark: _Ref4524000]Table 2. MCL difference between MsgA PRACH and PUSCH
	TDL-A 30ns
	2 Rx antennas
	4 Rx antennas

	
	Format 0
	Format A1
	Format 0
	Format A1

	PUSCH, 56 bits
	5 dB
	-3 dB
	6.5 dB
	-3 dB

	PUSCH, 480 bits
	13 dB
	5 dB
	14.5 dB
	6 dB

	PUSCH, 1032 bits
	17 dB
	9 dB
	18.5 dB
	10 dB

	TDL-C 300ns
	2 Rx antennas
	4 Rx antennas

	
	Format 0
	Format A1
	Format 0
	Format A1

	PUSCH, 56 bits
	6 dB
	-1.5 dB
	7 dB
	-1 dB

	PUSCH, 480 bits
	14 dB
	6.5 dB
	14.5 dB
	6 dB

	PUSCH, 1032 bits
	16 dB
	8.5 dB
	17.5 dB
	9 dB



Observation 1
· Relatively large range of MCL difference between MsgA PUSCH and PRACH is observed, which depends on payload size carried by MsgA PUSCH, associated PRACH format, MCS, allocated resource and subcarrier spacing.
· For short PRACH format, when same subcarrier spacing is employed for the transmission of PRACH and PUSCH in MsgA, the coverage difference between PRACH and PUSCH can be relatively small. This may indicate that a large payload size, e.g., > 480 bits, can be carried by MsgA PUSCH for cell center UEs with good channel condition. 
· For certain combinations of MsgA PRACH format and PUSCH, appropriate power offset may be applied to match overage status in MsgA.


	CMCC [R1-1904724]
[image: ]
Figure 1 BLER performance of PUSCH transmission
The granularity of PUSCH resource can be symbol-level in the time domain and RB-level in the frequency domain. 
Proposal 1: The modulation scheme of msgA PUSCH is configured as one modulation scheme, such as QPSK, at least for the idle or inactive state, when the payload size of PUSCH takes 56 bits or 72bits.
Proposal 2: Introduce a power offset when UE sending msgA PUSCH with the larger payload size such as 72bits compared with 56 bits.


	Qualcomm [R1-1904992]

· For a small payload size of 9 bytes (plus 16-bit CRC), 2 or 3 PRBs are sufficient for spectral efficiency of 0.2~ 0.3 bit/symbol.
· For larger payload size of 125 bytes (plus 16-bit CRC), 15 PRBs are needed for spectral efficiency of 0.5 bit/symbol, and 8 PRBs are sufficient for higher spectral efficiency of 1 bit/symbol.

[image: ]
Figure 7:  Resource Size Considerations for Different Payload Size
[bookmark: _Hlk4696346]Observation 3:  Two-step RACH can operate in any RRC state. Different payload size, waveform and MCS can be specified for different RRC state and mapped to different PO.
Proposal 2: 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; maximal payload sizes up to a few hundred bytes can be supported by higher MCS;
· for msgA transmission in any RRC state, modified RNTI can be used to initialize the bit level scrambling sequence of PUSCH, which can be defined as a function of RA-RNTI and the sequence index of preamble/DMRS;
· initial UL BWP can be used for msgA transmission in RRC_IDLE/RRC_INACTIVE state, or RRC re-establishment in RRC_CONNECTED state;
· active UL BWP can be configured for msgA transmission in RRC_CONNECTED state except for RRC re-establishment;
· feasible choices of MCS and payload size for msgA payload should be evaluated and specified in NR Rel-16;
· multiple POs can be configured per RO period, to accommodate different MCS, payload size and waveform;
· multiple two-step RACH UEs can share the same PO, if their msgA transmissions use similar MCS/waveform/payload size;
· resource allocation for PO can be specified relative to RO, by semi-statically or dynamically configured offsets in time and/or frequency domain;
· the association between preamble sequences and DMRS/PUSCH resources can be based on one-to-one, one-to-many or many-to-one mapping, and the mapping rule can be indicated by SI or RRC signalling;
· the configurations and resource allocations of RO and PO need to be balanced to achieve a good trade-off in resource utilization efficiency and collision probability reduction.
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Figure 8: Preamble Pool () to DMRS Pool () Mapping
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Figure 9:  Collision Probability of Preamble or DMRS Random Selection for msgA (CBRA)




700M+1732m	64.334014999999994	85.301788000000002	88.691574000000003	90.816254000000001	93.015167000000005	94.927848999999995	96.940308000000002	98.211365000000001	99.385918000000004	100.50435	101.38763	102.24002	102.99069	103.91495	104.84193	105.56894	106.09264	106.89072	107.50973999999999	108.01718	108.6182	109.14527	109.67592999999999	110.12649999999999	110.71661	111.16016	111.43488000000001	111.86257999999999	112.30155000000001	112.79817	113.11732000000001	113.58693	113.98784999999999	114.48484999999999	115.02715000000001	115.56616	116.11313	116.42306000000001	117.02851	117.39075	117.86507	118.24787000000001	118.65094000000001	119.16595	119.4708	119.79845	120.19044	120.51725999999999	120.96674	121.33889000000001	122.00243	122.285	122.59047	122.99475	123.41894000000001	123.75241	124.10084000000001	124.45804	124.74709	125.14346999999999	125.58125	125.76215000000001	126.0671	126.33383000000001	126.63614	126.93416000000001	127.20116	127.60593	127.8798	128.09036	128.35162	128.69658000000001	128.99652	129.31133	129.58539999999999	129.98114000000001	130.16763	130.45271	130.69866999999999	131.01288	131.40307999999999	131.68439000000001	132.07749999999999	132.37350000000001	132.74064999999999	133.10167999999999	133.48643000000001	133.83749	134.19776999999999	134.60087999999999	134.96170000000001	135.38174000000001	135.84084999999999	136.30493000000001	137.13657000000001	137.76103000000001	138.23840000000001	139.21887000000001	140.38686999999999	142.58403000000001	147.89005	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	4G+500m	67.378456	77.598006999999996	81.245850000000004	82.934937000000005	85.707977	88.382980000000003	89.881339999999994	91.770072999999996	92.559775999999999	94.387816999999998	95.488861	96.705855999999997	98.088425000000001	99.259933000000004	99.633499	100.33240000000001	101.0247	101.52078	102.34663999999999	102.89948	103.59717999999999	104.06348	104.2396	105.00761	105.57378	105.88503	106.40812	106.65494	106.96097	107.32298	107.57221	108.28831	108.74567999999999	109.32379	110.03452	110.315	110.68322999999999	111.10664	111.59415	112.12109	112.72969000000001	113.16418	113.58559	114.11913	114.63701	115.04312	115.40454	115.63728	116.23108999999999	116.8158	117.35271	117.66949	118.06228	118.64973000000001	119.07321	119.54807	120.02982	120.70616	121.25857000000001	121.92232	122.34602	122.80388000000001	123.23416	123.68810000000001	124.47208999999999	124.75655	125.32304000000001	125.72366	126.09331	126.42856999999999	126.81326	127.21250999999999	127.70592000000001	127.97847	128.47282000000001	128.73502999999999	129.14621	129.50143	129.99299999999999	130.35431	130.83251999999999	131.12810999999999	131.73169999999999	132.16900999999999	132.32723999999999	132.66301999999999	133.18818999999999	133.50542999999999	133.98480000000001	134.50398000000001	135.16015999999999	135.70432	136.18924999999999	136.77841000000001	137.47264000000001	137.86917	138.58744999999999	140.00729000000001	141.47452999999999	144.34684999999999	150.11653000000001	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	4G+200m	59.938282000000001	69.061768000000001	71.156181000000004	72.905304000000001	74.623512000000005	75.655417999999997	76.937920000000005	77.873962000000006	79.196372999999994	80.002998000000005	80.954993999999999	81.870728	82.750572000000005	83.703079000000002	84.776024000000007	85.859099999999998	86.573241999999993	87.566292000000004	88.258529999999993	88.676010000000005	89.098961000000003	89.851685000000003	90.533400999999998	91.080855999999997	91.473602	92.049149	92.571822999999995	92.961044000000001	93.415771000000007	93.903724999999994	94.315406999999993	94.719299000000007	95.315010000000001	95.746262000000002	96.167823999999996	96.625763000000006	96.934051999999994	97.193611000000004	97.468429999999998	97.820778000000004	98.039062999999999	98.402252000000004	98.670670000000001	99.057418999999996	99.337410000000006	99.656363999999996	100.01452	100.2012	100.46451999999999	100.7612	101.05737000000001	101.30243	101.57191	101.90021	102.18680999999999	102.54192	102.77145	103.07545	103.36921	103.62231	103.92242	104.14669000000001	104.41197	104.78018	105.09891	105.22431	105.51636999999999	105.87362	106.16761	106.44571000000001	106.63006	106.82231	107.15227	107.48975	107.85275	108.20058	108.53597000000001	108.81081	109.17265	109.61366	109.90383	110.18234	110.61154999999999	111.08691	111.60966999999999	112.00351999999999	112.46778	112.869	113.31225999999999	113.77544	114.31693	115.01576	115.48376	116.07109	116.8835	117.62886	118.37791	119.19139	120.49008000000001	123.48887000000001	135.15869000000001	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	Coupling Loss (dB)


CDF (%)







Average Latency in Slots
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PUSCH Resource Reservation and Usage
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PUSCH Ressource Usage
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