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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
PUSCH resource for msgA
Most of the contributions mention about the location of PUSCH resources for the msgA transmission. Below are the two different ways for the design of PUSCH resource configuration.
1) PUSCH resources are configured separately from the PRACH resource [2][11][17][23]. Similar to the resource allocation for configured grant, the periodicity, offset and the resource size in each occasion can be flexibly configured by broadcasting, with limited spec impact. The association rule should be defined, e.g. a PUSCH occasion is associated with a RACH occasion [17][23], or each PUSCH occasion is associated with SSB [2].
2) Configure the relative location of the PUSCH with respect to the PRACH resource [1][6][8][13][14] [15][23]. This implies an identical periodicity and 1-to-1 mapping between the PUSCH occasions and RACH occasion. The information bits for the configuration can be reduced. The size of PUSCH resource should be configured or determined.
A time gap is proposed to be reserved between preamble and payload [1][2][6][7][8][11][14][21], in order to facilitate the UE implementation in terms of the switching of numerology, sampling frequency, and transmission power etc. It is noticed that for NR-U case, there should be no 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][8][11][21], 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 [5][12][17]. 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.
Regarding the frequency domain resource allocation of PUSCH, there are also different views that whether to have the PUSCH resources overlapped with PRACH [1][5][11], in order to reduce the number of bits  for indication [11], and also the preamble can be used for channel estimation [5], or not necessary to be overlapped so as to have more flexibility for resource allocation [1][13][21][23].

Possible proposal 1:
· 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, reuse the resource allocation (i.e. periodicity and offset)  for NR configured grant in principle
· 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 a PRACH occasion
· Alt 1: Time/frequency relation between PRACH preambles in a PRACH occasion and PUSCH occasions are single specification fixed value.
· Alt 2: Time/frequency relation between each PRACH preamble in a PRACH occasion 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 a PRACH occasion and PUSCH occasions are single semi-statically configured value.
· Alt 4: Time/frequency relation between each PRACH preamble in a PRACH occasion 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


Not discussed
· FFS the size of time-frequency resource in each PUSCH occasion
· A configurable time gap between preamble and payload should be supported
· FFS the range or candidate values
· A guard period can be configured for the PUSCH resource
· FFS whether it can be regarded as implementation issue
· FFS the candidate values
· FFS whether PRACH and PUSCH can be configured in the same slot
· FFS whether PRACH and PUSCH resources are overlapped in frequency domain


Any comments?
	Company
	View

	Ericsson
	1st main bullet: 
While we are OK with identifying options 1 and 2, a more basic question may be asked: are PRACH and PUSCH always transmitted consecutively (possibly with some gap)?  That is, can there be other channels inserted between PRACH and PUSCH, can there be multiple PRACHs before the PUSCH, etc?
Then can we restate options 1 and 2 as
· Option 1: PRACH and PUSCH are not necessarily consecutive and their occasions are periodic
· Option 2: PRACH and PUSCH are consecutive with the same periodicity.
If not, then our comments on options 1 and 2 are:
Option 1, looks fine, and the association can be e.g. the PUSCH resource closest to and after the RACH occasion is used for a corresponding msgA data transmission. But maybe we also need an “FFS” like “FFS on the signaling needed for configured grant configuration”.
Option 2, Does it mean there’s only one time/frequency offset between PUSCH and PRACH?
“FFS the size of time-frequency resource in each PUSCH occasion” should be one sub-bullet instead of “sub-sub-bullet”, i.e. it is valid for both option 1 and option 2.
2nd main bullet:
Is it redundant with respect to option 2? 
3rd main bullet:
Is it a guard at the end of PUSCH?
Last main bullet:
Do we need this since PRACH and PUSCH will be anyway TDMed? Or do you mean whether we always restrict PUSCH is within the PRACH band?

	
	



Resource grouping and mapping between the PRACH preamble and the PUSCH + DMRS
Once the location of PUSCH resource has been configured, the resource allocation for payload transmission in each PUSCH occasion should be further defined. The following methods are proposed based on the contributions submitted to RAN1#96.  [1][4][6][8][11][14][15][17][19][20][21][23]
1) Define the total resource size in one PUSCH occasion. The resource can be continuous or non-continuous, and the total resource can be partitioned into multiple resource groups. The size of resource groups within one PUSCH occasion can be identical or non-identical. Each resource group index is mapped to one or multiple preamble index. [4][17][23]
2) Define the starting point of time/frequency for the PUSCH occasion, number of resource groups and the size of each resource group. The resources shall be continuous. The index of resource group is mapped to the preamble index, so that the location of each resource group can be determined based on preamble index (in case RO and PUSCH occasion are 1-to-1 mapping) or based on RO index+preamble index (in the case of multiple ROs are associated with one PUSCH occasion), the size of resources within one PUSCH occasion can be identical or non-identical. [6][8]
3) Define the starting point of time/frequency for the PUSCH occasion, and define a set of continuous basic unit of PUSCH resources. The size of resource unit is identical, and the total available number of basic unit is pre-configured. A UE may use one or multiple resource unit for the msgA transmission, depending on the payload size. The starting resource unit index should be mapped to preamble index, and the length of occupied PUSCH resource (as the number of resource unit) can be either mapped to preamble index or explicitly indicated (e.g. in UCI).  [6]
For each of the above methods, the number of groups and the detailed mapping between preamble and resource group as well as the DMRS port should be pre-defined, to avoid gNB blind detection in case of multiple preambles are mapped to the same resource group. There could be some basic design principles, e.g. since the UE identification is based on preamble, the corresponding PUSCH resources for the UEs select the different preamble should not be collided simultaneously in time/frequency/code domain. While there is always a trade-off between the performance and resource utilization efficiency. 


Possible proposal 2:
· Support resource grouping in one PUSCH occasion
· Select one of the following grouping method
· Define the total resource size in one PUSCH occasion, the number of groups and the resource size of each group can be configurable.
· Define the starting point of time/frequency for the PUSCH occasion, the number of resource groups and the size of each resource group can be configurable.
· Define the starting point of time/frequency for the PUSCH occasion, and define a set of continuous basic time-frequency unit of PUSCH resources. Flexible number of units in each resource group can be configured.
· FFS the candidate group number(s) and resource size(s)
· FFS the multiplexing of different groups, e.g. TDM/FDM/CDM
· FFS details of mapping between PRACH preamble and resource group
· e.g. 1-to-1, multiple-to-1, or 1-to-multiple
· FFS details of mapping between PRACH preamble and DMRS port within one resource group
· e.g. 1-to-1, multiple-to-1, or 1-to-multiple


Any comments?
	Company
	View

	Ericsson
	Propose to define the concept “PUSCH occasion”, “resource group” etc. first for better understanding before we discuss whether to introduce the grouping concept or not. 
And at least one to one or multiple to one mapping between PRACH preambles and PUSCH TF resource should be supported, which may not need any grouping. 
And it looks to us the time domain RA can be more complex compared to frequency domain RA which can be fixed offset values relative to the PRACH occasions.

	
	



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][4][6][7][8][9][10][11][12][21]. The MCS and resource size are also related to the payload size to be carried [1][11][23]. And the combinations of the payload size, MCS and resource size should be limited [7][8][9][10][12][23], e.g. the modulation type can be pi/2-BPSK, BPSK, QPSK for small payload size [21] or limited as QPSK, at least for the idle or inactive state [9], the number of PRBs used for payload may be limited [11]. In addition, it is proposed in [11] that repetition of payload can be supported for the coverage enhancement of payload transmission.

Possible proposal 3: 
Support multiple configurations for {payload size, MCS, resource size}
· FFS the number of configurations and the detailed values for each configuration, taking into account the msgA content and RRC mode.
· FFS, if needed, the indication of configuration, e.g. implicitly (determined by preamble index) or explicitly indication (e.g. carried in UCI transmitted together with payload).
· FFS whether to support repetition for payload transmission.


Any comments?
	Company
	View

	Ericsson
	Do we need MCS or should it be modulation type? Don’t we know the coding rate from payload size, modulation type and resource size?
We do not know whether we need the indication, so it’s better to say “FFS, if needed, the indication of configuration, e.g. implicitly (determined by preamble index) or explicitly indication (e.g. carried in UCI transmitted together with payload).”.
Do we really need this last FFS at this stage as we still do not know e.g. the target SINR?

	
	



Configuration of payload data transmission
Numerology and waveform
Multiple companies support to have configurable numerology and waveform for the payload in msgA [1][8][11][14][21][24]. The configuration can be similar to msg3 in 4-step RACH, for example, numerology of msgA PUSCH transmission can follow the configuration in initial UL BWP or active UL BWP, and the msg3-transformPrecoder configured in RACH-ConfigCommon can be reused for the waveform of MsgA PUSCH for 2-step RACH [11].
Some restriction of the configurations may be further considered, e.g. 1.25kHz SCS of PRACH preamble combined with 60kHz SCS PUSCH for msgA transmission [11].

Possible proposal 4: 
· Both DFT-s-OFDM and CP-OFDM are supported for the payload transmission in msgA
· FFS how to the indicate the waveform 
· Consider the following numerology for msgA PUSCH
· Alt 1: ​follow the numerology configured for the BWP
· Alt2:  same as msgA preamble numerology when short preamble is used (L=139)

Any comments?
	Company
	View

	Ericsson
	Agree on the proposals.

	
	



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. RA-RNTI could be a choice [11], while for the case that 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 [8][26][27].

Possible proposal 5: 
· Consider the following scrambling ID for the payload transmission in msgA
· Rel.15 RA-RNTI
· 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
 

Any comments?
	Company
	View

	Ericsson
	Minor clarification: these are mutually exclusive options, right?  And RA-RNTI is Rel-15 RA-RNTI (modified from Rel-15 in the second bullet)?

	
	



Evaluation methodology and metrics 
Since there are multiple alternatives for the design of channel structure, certain level of simulation exercise can be expected, e.g. for the determination of the number of resource group, range of payload size and MCS, comparing different mapping rules between preamble and PUSCH resources including DMRS.
Some assumption and Metrics were given in [18][24], e.g. missed detection rate, the false alarm rate.
Performance evaluation is also considered in [9][18].

It is encourage to discuss and identify the evaluation objective, performance metrics, and the baseline assumptions in RAN1#96.

Possible proposal 6:
· For the evaluation of the range of payload size that can be supported for different cell sizes, adopt the following link-level simulation assumptions.
[bookmark: _Ref502132553]Table 1: Link-level evaluation assumptions
	Parameters
	Values

	ISD
	200/500/1732 m, larger size is not precluded

	Carrier Frequency
	4GHz for 200/500m, 700MHz for 1732m

	Waveform (data part)
	CP-OFDM/DFT-s-OFDM

	Subcarrier spacing for PUSCH
	30kHz for 4GHz, 15kHz for 700MHz carrier frequency

	PRACH preamble format
	

	PUSCH & DMRS
	

	MCS
	Company report

	Transport block sizeResource size
	6 PRBs, 1 slot (DMRS overhead is 1/7)

	Number of UEs
	1

	Traffic model
	Full buffer

	UE antenna configuration
	1 as starting point, optional 2

	gNB antenna configuration
	2/4

	Propagation channel & UE velocity
	TDL-A 30ns, TDL-C 300ns, [3, 30]km/s. CDL?

	Timing offset
	Uniform [0, round-trip-delay]

	Frequency offset
	Uniform [0, 140] for 4GHz, Uniform [0,70] for 700MHz

	Max number of HARQ transmission
	1

	Receiver
	MMSE-IRC (with TA estimation or not?)

	Channel estimation
	Realistic

	Detection Criteria Target BLER
	10%

	Performance metrics
	BLER vs. TB size for a given SNR (e.g. 5%, 50%, 95% faction derived from the SINR CDF based on SLS)



Use cases and scenario for 2-step RACH
It has been stated in the WID objectives that 
· 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
· 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

Typical use cases that potential benefits can be obtained from 2-step RACH are mentioned in several contributions, including NR-U [2][16][22], small packet transmission [16][21][24][11], hand-over [2], positioning [22]. Although we may not need to have a specific conclusion on the use cases, since it is imply in the WID that 2-step RACH can be applied to all the scenarios that supported by 4-step RACH, we can keep in mind the typical use cases when comparing different alternatives of 2-step RACH designs.
In addition, [258] propose to also consider NTN characteristics in the 2-step RACH design, i.e. consider propagation delays up to 545ms RTT. 2-step RACH procedure will allow to reduce the delay from two RTT in 4-step to one RTT, in the worst case from 1.09s to 0.545s. The point is that the preamble design will reuse Rel.15 NR, which may or may not be able to cover the cell size for NTN. We can discuss more in RAN1#96 after more companies’ views are provided.

Any comments?
	Company
	View

	Ericsson
	Regarding terrestrial scenarios: Given the constraint that Rel-15 designs are used irrespective of if timing advance is valid, 2-step RACH seems most suited to small cell scenarios.  We propose:
· 2-step RACH designs and evaluations focus on small cell scenarios, but do not preclude operation in cells with RTT>CP
· Parameters for evaluations such as maximum coupling loss / minimum SNR, UE speed, etc. should be set accordingly 
· Performance enhancements for RTT>CP are left to gNB implementation
For NTN, 2-step RACH is a work item, while NTN is an ongoing feasibility study.  NTN can specify support for 2-step if/when there is an NTN work item.

	
	



Others
Any missing issue in this summary?
	Company
	View

	
	

	
	



Summary 
The following proposals to be presented online
Possible proposal 1:
· 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, reuse the resource allocation (i.e. periodicity and offset)  for NR configured grant in principle
· 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 a PRACH occasion and PUSCH occasions are single specification fixed value.
· Alt 2: Time/frequency relation between each PRACH preamble in a PRACH occasion 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 a PRACH occasion and PUSCH occasions are single semi-statically configured value.
· Alt 4: Time/frequency relation between each PRACH preamble in a PRACH occasion 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

Possible proposal 4: 
· Both DFT-s-OFDM and CP-OFDM are supported for the payload transmission in msgA
· FFS how to the indicate the waveform 
· Consider the following numerology for msgA PUSCH
· Alt 1: ​follow the numerology configured for the BWP
· Alt2:  same as msgA preamble numerology when short preamble is used (L=139)
Possible proposal 5: 
· Consider the following scrambling ID for the payload transmission in msgA
· Rel.15 RA-RNTI
· 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
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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: Visualized illustration of different alternatives of channel structure design:

	ZTE [R1-1901626]
Time-frequency resource of payload – PUSCH occasion
[image: ]
Resource mapping in a PUSCH occasion
[image: ]

	CATT [R1-1902027]
Illustration of MsgA channel structure for 2-Step RACH


[bookmark: OLE_LINK6][bookmark: OLE_LINK7](a) Option A                                                  (b) Option B
Illustration of mapping rule from PRACH preamble on one RO to the time-frequency resource of PUSCH in MsgA + DMRS



  
[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

	Sierra [R1-1902133]

PRACH slot followed by PUSCH slot
[image: ]

PRACH slot with multiple occasions followed by PUSCH
[image: ]

PRACH slot with multiple occasions followed by PUSCH
[image: ]

PRACH slot with multiple occasions followed by multiple PUSCH resources
[image: ]

PRACH slot with multiple occasions followed by multiple PUSCH resources on multiple slots
[image: ]

PRACH slot with multiple occasions followed by wider PUSCH resources
[image: ]

Single slot with PRACH and PUSCH
[image: ]
[image: ]

	Nokia [R1-1902135]
Structure of MsgA consisting of a preamble, and 2SR PUSCH resource group for the data part of MsgA. The 2SR PUSCH group is an array of 2SR PUSCH resource units.
[image: ]
Mapping between preamble and PUSCH resource group
Alternative 1: 2-Step RACH with multiple 2SR PUSCH resource groups, with each group having its own preamble space.
[image: ]
Alternative 2: 2-Step RACH with common preamble set and different 2SR PUSCH resource groups
[image: ]
Alternative 3a: PUSCH resource allocation in basic units with preamble indicating PUSCH starting location and size.
[bookmark: _Hlk177605][image: ]
[bookmark: _Hlk1064146]
Alternative 3b: PUSCH resource allocation in basic units with preamble indicating PUSCH starting location, UE selects the size of the PUSCH resource, and gNB tries multiple decoding hypothesis.
[image: ]

	Sony [R1-1902165]
Illustration of msgA structure in 2-Step RA



	Samsung [R1-1902241]

Illustration of PUSCH resource for 2step RACH
[image: ]

Illustration of mapping between preamble and PUSCH – if MU-MIMO is not enabled
[image: ]

Illustration of mapping between preamble and PUSCH – if MU-MIMO is enabled
[image: ]

	CMCC [R1-1902326]
Mapping between the preamble and the PUSCH for MsgA



	Intel [R1-1902466]

Guard period reserved for MsgA PUSCH
[image: ]
PRACH and MsgA PUSCH association
[image: ]

	LGE [R1-1902533]

Example of multiplexing scheme for PUSCH in msgA
[image: ][image: ]
(a) FDM                                (b) TDM
[image: ] [image: ]
(c) FDM/TDM                (d) FDM/CDM

Multiplexing between RACH and PUSCH of msgA
[image: ]
(a) Slot level time multiplexing

[image: ]
(b) Symbol level multiplexing within a slot

Example of PUSCH resource and DMRS RE designation depending on MCS level
[image: ]

	InterDigital [R1-1902582]

Frequency utilization of preamble and PUSCH can be different



	OPPO [R1-1902747]

Channel structure of MsgA


(a)


(b)
Mapping between preamble and PUSCH in MsgA



   
(a) One-to-one mapping            (b) many-to-one mapping           (c) one-to-many mapping

	CAICT [R1-1902917]

Options for resource pool type of PUSCH in MsgA



An illustration between the preamble group and resource pool



	KDDI [R1-1902961]

A preamble is mapped to a unique Msg A PUSCH resource to alleviate the occurrence of collision and to reduce complexity of blind decoding at gNB side
[image: ]
Msg A PUSCHs can be spatially multiplexed by allocating the same time and frequency resource with different DMRS ports for efficient resource utilization.
[image: ]

	Qualcomm [R1-1902977]

General Channel Structure of msgA
[image: ]
Transmission Timeline for msgA with UE Side Timing Adjustment – option 1
[image: ]
Transmission Timeline for msgA with UE Side Timing Adjustment – option 2
[image: ]

An Example of Resource Mapping for msgA
[image: ]

	Huawei []
Resource configuration for 2-step RACH and 4-step RACH
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	(a). Option 1 – Shared configuration
	(b). Option 2-1 -  Separate configuration
	(c). Option 2-2 -  Separate configuration


Frequency domain resource allocation of PRACH and PUSCH
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	(a). Full overlap
	(b). Partial overlap
	(c). No overlap


Mapping between preambles and PUSCH resources
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	(a). Case 1: one-to-one 
mapping
	(b). Case 2: many-to-one mapping
	(c). Case 3: one-to-many mapping






Appendix C: Relationship between resource size, payload size and MCS
	Intel [R1-1902466]
Upper bound on number of PRBs for MsgA PUSCH transmission
	[image: ]
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Candidate MCS indexes and number of PRBs for MsgA PUSCH transmission
	Number of symbols
	Payload = 56 bits
	Payload = 480 bits
	Payload = 1032 bits

	
	MCS 
indexes
	Number of PRBs
	MCS indexes
	Number of PRBs
	MCS 
indexes
	Number of PRBs

	8
	[0 2 5]
	[3 2 1]
	[0 1 2 3 4 5 9 10 14]
	[28 21 17 13 11 9 5 5 3]
	[0 1 2 3 4 5 6 8]
	[59 45 37 28 23 19 16 12]

	10
	[1 4]
	[2 1]
	[0 1 2]
	[24 18 15]
	[0 1 2 3 4 5 6 8 9 10 11 12 15]
	[50 39 32 24 20 16 14 10 9 9 8 7 5]

	12
	[0 3]
	[2 1]
	[1 3 5 6 11 14]
	[14 9 6 5 3 2]
	[0 1 2 3 7 8 9 10]
	[39 30 25 19 9 8 7 7]

	14
	[2]
	[1]
	[0 4 6 8]
	[15 6 4 3]
	[0 1 2 13]
	[32 25 20 4]





	ZTE [R1-1901626]

TBS for different combinations of PRB number and MCS level (assuming one slot time duration and 1/7 DMRS overhead)

	PRB
	TBS for MCS0
	TBS for MCS1
	TBS for MCS2
	TBS for MCS3
	TBS for MCS4

	1
	32
	40
	48
	64
	80

	2
	64
	88
	104
	136
	168

	3
	96
	128
	160
	208
	256

	4
	128
	176
	224
	288
	352

	5
	168
	224
	272
	352
	432

	6
	208
	272
	320
	432
	528






Appendix D: Simulation related
	Ericsson [R1-1902824]

Link-level evaluation assumptions
	Parameters
	Values
	Rationale

	Carrier Frequency
	4 GHz
	In line with UMi scenario and small cell use case.

	Waveform 
	CP-OFDM and DFT-S-OFDM
	While range is not a primary design factor, supporting DFT-S-OFDM on Rel-15 PUSCH does not seem difficult.

	(data part)
	
	

	Subcarrier spacing
(PRACH and PUSCH)
	30kHz
	Common SCS at 4 GHz

	PRACH preamble
	Format [B1 and B3]
Positioned adjacent to PUSCH as a starting point
	A shorter and a longer preamble format could test different aspects of the design. A preamble with a gap would provide some robustness for adjacent PUSCH.

	PUSCH & DMRS
	Type A, 14 symbol, 
3 symbol Type I DMRS, frequency hopping used
Other configurations not precluded.
	Similar to Rel-15 msg3 configuration

	MCS
	{1/3,1/2,2/3} QPSK and 16QAM as a starting point
	Hopefully a large enough range to capture behaviors likely impacted by code rate and modulation state.

	Transport block size 
	 [10, 20, 40, 60, 75] bytes.
	

	Detection Criteria
	1% maximum mis-detection probability(Note 1)
	In line with NR-U and Rel-15 simulation assumptions.

	
	0.1% maximum false alarm probability(Note 2)
	In line with NR-U and Rel-15 simulation assumptions.

	
	maximum timing estimation error being 50% of the normal CP length in case PRACH is received without PUSCH
	In line with NR-U and Rel-15 simulation assumptions.  Note that if PUSCH is received then timing estimates should be accurate.

	gNB antenna configuration
	2 or 4Rx for 4 GHz as a starting point
	Reflects NR-U assumptions and realistic number of gNB antennas at 4 GHz.

	UE antenna configuration
	1 Tx 
2 Tx optional
	Since 2 Tx could be beneficial in addition to higher MCS in at least RRC_CONNECTED operation since 2 Tx UEs are becoming more common.

	Propagation channel & UE velocity
	CDL-A 30ns and CDL-C 300ns in TR38.901; {3, 30} km/h as a starting point
	TDL channel models do not take into account angle spread, which may lead to optimistic measures of diversity gain with more than 2 antennas.
30 kmph seems a reasonable higher UE speed in small calls. Other speeds could be considered.

	Max number of HARQ transmission
	1 msgA transmission
Optionally: a company reported value 
	msgA retransmission performance should be studied, and the number of retransmissions can be a function of the retransmission mechanism.

	Receiver
	Realistic channel estimation
	

	
	L-MMSE-IRC
	Non-linear receivers may provide further gain and are not precluded from gNB implementation. However, optimizing 2-step RACH for non-linear receivers does not seem necessary.

	
	
	

	Timing offset
	Uniformly distributed in [0, 0.8 µs (corresponding to 200m ISD)] 
	Based on NR-U assumptions, adjusted for 200m ISD

	Frequency offset
	0.05ppm (fixed) at TRP, and 0.1 ppm (fixed) at UE
	In line with NR-U and Rel-15 simulation assumptions.

	Traffic model for link level
	Full buffer as starting point. 
	Full buffer should be sufficient for simulations of a single UE

	Formatting of results (please also reference Section 8 of R1-1704144 for reporting formats)
	Mis-detection probability vs. SNR
	From NR-U simulation methodology.

	
	False alarm probability vs. SNR(Note 3)
	From NR-U simulation methodology.

	(Note 1) The missed detection probability is defined as the ratio between the total number of transmitted preambles that are either not detected, or detected as a different preamble, or detected but with timing error greater than the maximum value (i.e., 50% of normal CP length), and the total number of transmitted preambles within an observation interval.
(Note 2) Maximum false alarm probability refers to the case when input at receiver is noise only (considering 64 preamble detectors as in 3GPP TS 36.104, section 8.4.1). 
(Note 3) False alarm probability is defined as the ratio of total number detected but not transmitted preambles, and the total number of possible detection occurrences, where each occurrence (occurrence refers to 64 detections, one for each of the 64 preambles in a cell) is one potential preamble transmission in a RO.




	Huawei [R1-1903058]

Collision probability analysis for a target group with traffic density λ_n=a_n λ.
	[image: ]
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	(a). 
	(b). 



[R1-1903059]
Proposal 1: In the case that 2-step RACH is applied, the misdetection rate, the false-alarm rate, as well as the BLER performance of the MsgA transmission should be similar as that of Msg1 and Msg3 in 4-step RACH for the same case.
Proposal 2: The BLER performance of the PUSCH transmission should be evaluated with realistic UE detection, TA estimation, and channel estimation, under given false alarm rate constraint.
Proposal 3: 2-step RACH configurations should take signaling overhead into account to maximize the potential benefits over 4-step RACH.
Proposal 4: Further study the impact of timing offsets on PUSCH transmission in terms of inter-UE interference and receiver complexity.
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