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Introduction
The following agreements were made on the channel structure for 2-step RACH in RAN1#96 [1]:
Agreements:
· PUSCH occasion for 2-step RACH is defined as
· the time-frequency resource for payload transmission associated with a PRACH preamble in msgA
· 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)

In this contribution, we discuss channel structure for 2-step RACH, including PUSCH resource for msgA, mapping between preamble and PUSCH resource + DMRS, configuration of numerology and waveform for payload data transmission, and supported MCS(s) and resource size(s) of a PUSCH occasion.
Discussion
The 2-step RACH procedure is shown in Figure 1. 


Figure 1: Illustration of 2-step RACH procedure
PUSCH resource for msgA and mapping between preamble and PUSCH occasion + DMRS
1) PUSCH resource for msgA
In RAN1#96, PUSCH occasion for 2-step RACH was defined as the time-frequency resource for payload transmission [1]. 
In RAN1#96, the following two methods were agreed to be considered for configuration of PUSCH occasion of msgA transmission [1]:
· 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.
Compared to Opt 2, Opt 1 has more flexibility and less specification impact as PUSCH occasion can be flexibly configured by signaling similar to the resource allocation in Rel-15. However, Opt 1 needs more signaling bits for the resource configuration than Opt 2. Therefore, Opt 2 is preferred from signaling overhead prospective.
For the four alternatives of Opt 2, Alt 1 and Alt 2 have less signaling overhead and less configuration flexibility, while Alt 3 and Alt 4 have high configuration flexibility and high signaling overhead. For time relation in Rel-15, different PRACH formats have different duration in time domain, and also the PRACH and PUSCH of one UE cannot be transmitted in the same slot. Alt 1 and Alt 2 with single specification fixed value are not suitable for time relation. For Alt 3, different preambles in different PRACH occasions have same time/frequency relation, which puts some constraints on the case different PRACH occasions have different resource sizes. For frequency relation, the same frequency resources of PRACH occasion and PUSCH occasion are preferred to enhance channel estimation performance using both preamble and PUSCH DMRS. However, for PRACH configuration index 27 for FR1 and paired spectrum case in Rel-15, all the slots within a system frame are used for PRACH, then PUSCH occasion and PRACH occasion cannot be assigned with TDM manner within the same frequency resources. Therefore, Alt 4 is preferred for both of time and frequency relation.
Proposal 1: For configuration of PUSCH occasion of msgA transmission, Alt 4 of Opt 2 should be supported: 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.
2) Mapping between preamble and PUSCH occasion + DMRS
For mapping between preamble and PUSCH occasion + DMRS, a two-stage mapping method can be used. Firstly, one PRACH RO is mapped to one PUSCH occasion/occasion set. Secondly, one/multiple preamble(s) on one RO is mapped to PUSCH occasion + DMRS. 
For the first mapping stage, there are at least two options. Option A: one RO is mapped to one PUSCH occasion. Option B: one RO is mapped to one PUSCH occasion set which consists of multiple PUSCH occasions, and all preambles on one RO are divided to subsets, where each preamble subset is mapped to one PUSCH occasion.
Proposal 2: NR should further study whether one or multiple PUSCH occasion(s) is configured for each PRACH RO in msgA.
 For the second mapping stage, it is about the mapping between the preamble or preamble subset and PUSCH occasion+ DMRS.  At least three options can be considered.
[bookmark: OLE_LINK12][bookmark: OLE_LINK13]Option 1: All preambles on one RO are mapped to one PUSCH occasion, and all preambles on one RO are further grouped into subsets, where each subset is further mapped to one PUSCH occasion and one DMRS port.
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]Option 2: A subset of preambles on one RO is mapped to one PUSCH occasion, and one or multiple preamble(s) in the subset is mapped to one PUSCH occasion and one DMRS port.
Option 3: A preamble on one RO is mapped to one PUSCH occasion and one DMRS port.
For option 1 and option 2, multiple DMRS ports as shown in Figure 2(e) can be used to reduce DMRS collision. Assuming only one DMRS port, option 1/2/3 are illustrated in Figure 2(a), 2(b) and 2(c), respectively. In Figure 2(b), all preambles are grouped into two subsets, and preamble subset#1 and subset#2 are mapped to PUSCH occasion set #1 and PUSCH occasion set#2, respectively.
Compared to option 2 and option 3, option 1 has the lowest PUSCH resource overhead for 2-step RACH. However, if more than one preamble is detected by gNB, the failure probability of PUSCH decoding is increased for option 1. For option 2, a subset of preambles is mapped to one PUSCH occasion set. This reduces the failure probability of PUSCH decoding at the cost of increasing PUSCH resource overhead. For option 3, only a preamble is mapped to one PUSCH occasion and one DMRS. This brings lowest collision probability with the cost of highest PUSCH resource overhead. Therefore, option 2 is preferred and the size of preamble subset can be further studied.



  
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]                           (a) Option 1                                          (b) Option 2                         (c) Option 3



        
                           (d) Option 1.A                                    (e) Option 2.A                         (f) Option 3.A
Figure 2 Illustration of mapping rule from preamble on one RO to PUSCH occasion + DMRS
Proposal 3: NR should support a subset of preambles on one RO mapped to one PUSCH occasion, and one or multiple preamble(s) in the subset is mapped to one PUSCH occasion + DMRS port. The size of preamble subset can be further studied.
Next, we analyze the impact of association between SSB and RO to the mapping rule from preamble to PUSCH resource + DMRS. 


For 4-step RACH in Rel-15, if there are  SS/PBCH blocks associated with one RO, R contention based preambles with consecutive indexes associated with SS/PBCH block [image: ], , where R is the number of contention based preambles per SS/PBCH block per valid RO. In this case, the subset of preambles on one RO mapped to one PUSCH occasion should come from the same SS/PBCH block. Therefore, for mapping a subset of preambles on one RO to one PUSCH occasion or occasion set as shown in Figure 2(b) or 2(e), the size of subset of preambles should be no larger than R. 
Proposal 4: When multiple SS/PBCH blocks are associated with one RO, the subset of preambles on one RO mapped to one PUSCH occasion should come from same SSB.

Configuration of numerology and waveform for payload data transmission
It was agreed in RAN1#96 that both DFT-s-OFDM and CP-OFDM were supported for the payload transmission in msgA. For how to indicate/configure the waveform, there are at least two methods. Method 1: the waveform is explicitly indicated in SIB1. Method 2: the waveform is implicitly indicated by grouping of RO and/ or preamble. 
The first method is the same as that used in msg 3 PUSCH in Rel-15, and there is no spec modification. For the second method, further grouping of RO and/ or preamble should be used. As there is already mapping relationship between preamble and PUSCH + DMRS, the second method makes the mapping relationship more complicated. Therefore, method 1 is preferred.
Proposal 5: The waveform of msgA PUSCH is explicitly indicated in SIB1.
In RAN1#96, two alts were agreed for configuration of numerology for msgA PUSCH:
· 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)
Alt 1 is a unified solution for both long and short preamble. Alt 2 is not a unified solution, which is not suitable for long preamble (L=839) with the SCS of 1.25 kHz and 5 kHz. Therefore, Alt 1 is preferred. Furthermore, the numerology of msgA PUSCH should follow same configuration of the UL BWP used for msgA Preamble transmission, no matter it is initial UL BWP or active UL BWP.
Proposal 6: The configuration of numerology for msgA PUSCH should follow the configured numerology of the UL BW used for msgA Preamble transmission.
Supported MCS(s) and resource size(s) of a PUSCH occasion
In Rel-15 NR, the MCS and time-frequency resource size(s) of msg3 PUSCH is configurable and indicated in RAR. For 2-step RACH, considering configuration flexibility, it is preferred to support configurable MCS and time-frequency resource size(s) of msgA PUSCH. However, the configuration flexibility is at the cost of high signaling overhead. To further reduce the signaling overhead, the size of payload carried by PUSCH should be first studied. Then, with the given candidate payloads in given link budget, link level simulation can be carried out to reduce the candidate number of MCSs. NR should further study how to indication of configurable MCS and PUSCH time-frequency resource size(s), e.g., by establishing one link between preamble resource and MCS/resource size.
Proposal 7: Both MCS and time-frequency resource size(s) of PUSCH in msgA are configurable, and the indication method and signaling design should be further studied.
Summary
In this contribution, we discussed channel structure for 2-step RACH with the following proposals.
Proposal 1: For configuration of PUSCH occasion of msgA transmission, Alt 4 of Opt 2 should be supported: 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.
Proposal 2: NR should further study whether one or multiple PUSCH occasion(s) is configured for each PRACH RO in msgA.
Proposal 3: NR should support a subset of preambles on one RO mapped to one PUSCH occasion, and one or multiple preamble(s) in the subset is mapped to one PUSCH occasion + DMRS port. The size of preamble subset can be further studied.
Proposal 4: When multiple SS/PBCH blocks are associated with one RO, the subset of preambles on one RO mapped to one PUSCH occasion should come from same SSB.
Proposal 5: The waveform of msgA PUSCH is explicitly indicated in SIB1.
[bookmark: _GoBack]Proposal 6: The configuration of numerology for msgA PUSCH should follow the configured numerology of the UL BW used for msgA Preamble transmission. 
Proposal 7: Both MCS and time-frequency resource size(s) of PUSCH in msgA are configurable, and the indication method and signaling design should be further studied. 
References
[1] Chairman’s Note 3GPP TSG RAN WG1 #96
[2] R1-1902027, “Discussion on Channel Structure for 2-Step RACH”, CATT, 3GPP RAN1#96
[3] 3GPP TS 38.211: “NR; Physical channels and modulation”
[4] 3GPP TS 38.213: “NR; Physical layer procedures for control”
5

oleObject1.bin

image2.emf
PUSCH occasion set#1

RO#1

Preamble 

Set

(0~N-1)


oleObject2.bin
PUSCH occasion set#1


RO#1


Preamble 
Set
(0~N-1)



image3.emf
PUSCH occasion set#1

PUSCH occasion set#2

RO#1

Preamble 

subset #1

Preamble 

subset #2


oleObject3.bin
PUSCH occasion set#1


PUSCH occasion set#2


RO#1


Preamble subset #1


Preamble subset #2



image4.emf
PUSCH occasion#1

PUSCH occasion#N

RO#1

Preamble 

index #1

Preamble 

index #N

.

.

.

.

.

.


oleObject4.bin
PUSCH occasion#1


PUSCH occasion#N


RO#1


Preamble index #1


Preamble index #N


...


...



image5.emf
PUSCH 

occasion

set#1

PUSCH 

occasion

#1

RO#1

Preamble 

subset #1

Preamble 

subset #3

PUSCH 

occasion

#2

PUSCH 

occasion

#3

Preamble 

subset #2

DMRS 

port#1

+

DMRS 

port#1

+

DMRS 

port#1

+


oleObject5.bin
PUSCH occasion#2


PUSCH occasion#3


PUSCH occasion set#1


PUSCH occasion#1


RO#1


Preamble subset #1


Preamble subset #3


Preamble subset #2


DMRS 
port#1


+


DMRS 
port#1


+


DMRS 
port#1


+



image6.emf
PUSCH 

occasion

set#2

RO#1

Preamble 

subset #21

Preamble 

subset #2

Preamble 

subset #22

PUSCH 

occasion

#21

PUSCH 

occasion

#22

Preamble 

index # M

Preamble 

index #1

...

DMRS 

port#M

DMRS 

port#1

Preamble 

subset #21

...


oleObject6.bin
Preamble subset #21


Preamble subset #2


PUSCH occasion#21


PUSCH occasion#22


Preamble index # M


Preamble index #1


...


PUSCH occasion set#2


DMRS 
port#M


DMRS 
port#1


Preamble 
subset #21


RO#1


...


Preamble subset #22



image7.emf
PUSCH 

occasion

#1

PUSCH 

occasion

#N

RO#1

Preamble 

index #1

Preamble 

index #N

.

.

.

.

.

.

DMRS 

port#1

+

DMRS 

port#1

+

.

.

.


oleObject7.bin
PUSCH occasion#1


PUSCH occasion #N


RO#1


Preamble index #1


Preamble index #N


...


...


DMRS 
port#1


+


...


DMRS 
port#1


+



image8.wmf
1

N

³


oleObject8.bin

image9.wmf
n


image10.wmf
01

nN

££-


oleObject9.bin

image1.emf
MsgA:  Msg1 + Msg3

MsgB:   Msg2 + Msg4

UE gNB


