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1 Introduction
There are 21 contributions submitted to this agenda item with a total of 139 proposals and 31 observations. The table below shows the major topics addressed by contributions to this agenda item and references addressing each topic. A list of references can be found at the end of the document.

	Topic
	Addressed by the following references

	MsgA content, size and design
	[1] [6] [7] [8] [11] [12] [13] [14] [15] [17] [19]

	MsgB Content and Design
	[1] [2] [4] [5] [6] [7] [8] [11] [13] [15][17] [19]

	MsgB response window
	[1] [2] [3] [6] [8] [10] [11] [16]

	Shared Resources between 2-step and 4-step RACH
	[1] [2] [3] [6] [7] [8] [9] [10] [12] [13] [15] [16] [17] [20], [22]

	Power Control
	[1] [2] [3] [4] [6] [7] [8] [13] [14] [17] [18] [19] [21]

	4-step Fallback
	[1] [2] [3] [4] [5] [7] [6] [8] [9] [10] [11] [13] [16] [17] [19] [20] [21]

	MsgA PUSCH Beam Handling
	[9] [10] [14] [17]



2 MsgA content and design
2.1. MsgA content and size

The following table gives examples of content of MsgA from the contributions submitted. It should be noted that RAN2 will discuss the content of MsgA. RAN1 is to focus on determining the determining the maximum payload.
	Field
	Suggested by

	Unique ID for contention resolution
	[1], [7], [8], [9], [15],[17] [19]

	RRC Messages
	[6], [7], [9], [17]

	BSR
	[7], [8], [9], [15], [17]

	PHR
	[8], [9], [15], [17]

	User plane data
	[7], [9], [17]



Payload size
· Starting point: 56/72 [1], [9] [11],[17]
· At least 72 bits [13].
· Consider RAN2 when deciding minimum payload size, and maximum payload size based on simulation assumption [13][17].
· Impact of timing offset should be considered when determining then maximum payload size

Based on the proposals presented the following potential agreements can be considered:

[bookmark: _Hlk5736386]Offline agreement 2.1.1
[bookmark: _Hlk5734223]At least consider payload size for MsgA PUSCH of 56 and 72 bits
· FFS: Other payload size(s) larger than 72 bits.
· Note: Maximum payload size to be decided based on link level simulations and coupling loss.

	Company
	Comment on offline agreement 2.1.1

	
	

	
	

	
	

	
	



Proposals on this topic

Proposal 1[1]: The content of msgA at least including the unique ID for contention resolution.
· RAN2 input will be needed for exact content of msgA and especially the corresponding size of each required field.
Proposal 2 [2]: Payload size, i.e. 56/72 bits with MAC header is taken as starting point for the msgA design.
· For RRC connected state, small packet UP data transmission can be considered.

Proposal 1 [7]: The data in Msg.A at least contains UE-ID. In addition, the data in Msg.A may contain RRC message, BSR, and UP data.

Proposal 1 [9]: Study the maximum allowed MsgA payload size.
Proposal3 [11]: The payload size determination based on CCCH size can be used as the starting point for the design of MsgA.

[bookmark: _Toc4794147]Proposal 5 [13] msgA and msgB content and minimum payload size should be based on the input from RAN2 discussions and the maximum payload size for msgA should be simulated based on the simulation assumptions discussed.
Proposal 3 [15]: Impact of timing offset observed by gNB on the PUSCH demodulation performance should be considered to determine the maximum allowed transport block size of MsgA PUSCH.
2.2 Type of UCI in MsgA
Several contributions discussed the type of UCI that can multiplexed in the MsgA PUSCH transmission. These are summarized in the table below.
	UCI Type included in MsgA
	Supported by

	CSI/HARQ-ACK
	[6] [17]

	Control Info to assist in decoding PUSCH
	[6], [8], [9], [17]

	UE-ID to assist in HARQ Combining of MsgA
	[7]



Based on the proposals presented the following potential agreements can be considered:

Point of discussion 2.2.1
· Whether UCI on MsgA PUSCH is supported. If supported what type of UCI to be conveyed:
· Control information to assist in decoding the PUSCH transmission.
· CSI
· HARQ-ACK

	Company
	Comments on point of discussion 2.2.1

	Nokia
	At least control information to assist in decoding the PUSCH transmission

	Sony
	At least control information to assist in decoding the PUSCH transmission

	
	

	
	



Proposals on this topic
Proposal 4 [6]
· UCI on MsgA PUSCH is supported.
· FFS the UCI content. 

Proposal 3 [8]: a UCI carrying the MCS indication could be considered in the msgA PUSCH.
Proposal 9 [17]: Allow UCI reporting in msgA.

2.3 MsgA Transmission

HARQ combining between initial transmission of Msg.A and retransmission of Msg.A PUSCH should be supported [7] [12]. Limiting the number of MsgA retransmissions [5].
Based on the proposals presented the following potential agreements can be considered:

Point of Discussion 2.3.1
· Whether to allow HARQ combining for MsgA PUSCH – any specification impact?
· If HARQ combining is allowed and has spec impact, under what conditions:
· MsgA that failed preamble detection?
· MsgA that detected preamble, but failed MsgA PUSCH decoding?

	Company
	Comments on point of discussion 2.3.1

	Nokia
	HARQ combining for MsgA PUSCH can be supported if MsgA PRACH is received, but the corresponding MsgA PUSCH fails decoding. In this case, network sends an uplink grant to the UE, and the UE retransmits the same payload in Msg3 or MsgA PUSCH.

	Sony
	MsgA that detected preamble, but failed MsgA PUSCH decoding


	
	

	
	



Potential offline agreement 2.3.2
The UE can retransmit MsgA if it receives no message from the network indicating the detection of MsgA. For the time after which Msg A can be retransmitted, further study the following options for further down selection or a combination of options:
· Option 1: after finishing msgB detection window (or timer)
· Option 2: after finishing RAR detection window

Proposals on this topic

Proposal 3 [5]: Mechanism to limit retransmissions of MsgA and determine RACH failure should be considered.
· Retransmission counter or failure timer are options for the mechanism.

Proposal 2 [7]: HARQ combining between initial transmission of Msg.A and retransmission of Msg.A PUSCH should be supported.

Proposal 4 [12]: The 2-step RACH should support HARQ in case of PUSCH decoding failure in MsgA.
Proposal 5 [15]: HARQ-ACK feedback information of MsgA PUSCH is implicitly indicated by the MAC RAR type indication (i.e. Msg2 indicates NACK and MsgB indicates ACK). 


2.4 2-step RACH MsgA Configurations

In [12], it was proposed that the UE would have multiple MsgA configurations, with the UE selecting the configuration based on the RSRP level. In [17], it was proposed to support configurable MCS, contents and waveform for MsgA PUSCH.
In [R1-1904198][17] it was proposed to divide the preamble space into subgroups to indicate a PUSCH configuration when transmitting MsgA PUSCH. This is also being considered in the channel structure AI.
Based on the proposals presented the following potential agreements can be considered:

Point for discussion 2.4.1
· For 2-step RACH support a single preamble format or multiple preamble formats in a cell
· Same preamble format for 2-step and 4-step RACH or different preamble formats
· Support one or multiple PUSCH MgsA configuration (e.g. MCS, TBS, resource allocation size, etc)

	Company
	Comments on point of discussion 2.4.1

	Nokia
	Similar to 4-step RACH, a single preamble format is configured in the cell for 2-step RACH.
Support multiple PUSCH MsgA configurations number of support configurations that the UE can dynamically select from is limited, possibly around 4.

	
	

	
	

	
	



Point of Discussion 2.4.2
Division of preamble into groups for indication of different PUSCH configurations
· This is also being discussed in the channel structure agenda item

Proposals on this topic

Proposal 2 [12]: Multiple 2-step RACH configurations shall be supported. The configuration shall at least include:
Coverage range thresholds (e.g. RSRP/RSRQ range)
PUSCH modulation and coding
PRACH format
FFS: number of 2-Step RACH configurations
Proposal 3 [12]: The UE shall choose the 2-Step RACH configuration at least based on measured RSRP level
Proposal 4 [14]: msgA payload transmission parameters are configurable. 
Proposal 3 [17]:  The following designs for RO and PO should be supported:
· multiple POs can be configured per RO period, to accommodate different waveform, MCS and payload size;

Proposal 1 [R1-1904198]: 
· Contention-based preamble for 2-step RACH should be subdivided into subgroups to inform network of related information for PUSCH decoding.

2.5 2-step and 4-step RACH RO/preamble sharing
In RAN1#96, the following agreement was reached on the sharing of preamble occasions and indices between 2-step and 4-step RACH:
Agreements:
· For the relation of PRACH resources between 2-step and 4-step RACH, further study the following options (for possible down-selection or combination(s) of the options)
· Option 1: Separate ROs are configured for 2-step and 4-step RACH 
· Option 2: Shared RO but separate preambles for 2-step and 4-step RACH
· Option 3: Shared RO and shared preambles for 2-step and 4-step RACH

These are the company views
	Reference
	Discussion

	[1]
	Option 3 not supported.
Prefers option 1 as it allows different RA-RNTI for Msg2 and MsgB, but with more overhead.
Option 2 is a possibility, using totalNumberOfRA-Preambles

	[2]
	Separate PRACH resources (i.e. options 1 or 2)

	[3]
	Support at least option 1.
FFS for option 2
Option 3 not supported

	[6]
	Options 1 and 2 are supported

	[7]
	Combination of Option 1 and Option 2

	[8]
	From the purpose of random access, gNB may not need to care much on whether the detected preamble is for 2step RACH or 4step RACH 
Our proposals in channel structure paper [R1-1904392]:
Proposal 1: both separate ROs (option 1) and Shared RO but separate preambles (option 2) for 2-step and 4-step RACH could be considered.

	[9]
	Only Options 1 and 2 are supported

	[10]
	Shared and separate RACH resource for 2-step RACH and 4-step RACH by configuration

	[12]
	Separate PRACH occasions (RO) are configured for 2-step and 4-step RACH

	[13]
	Down-selection between options 2 and 3

	[15]
	Sharing of RACH occasions between 2-step RACH and 4-step RACH
Sharing of RACH preambles between 2-step RACH UEs and 4-step RACH UEs at a given RACH occasion

	[16]
	Shared RACH occasions/PRACH preambles can be configured for 2-step and 4-step RACH. Left to gNB configuration.

	[17]
	Separate ROs for 2-step RACH, and shared ROs between 2-step and 4-step RACH with mutually exclusive subsets of preambles .

	[22]
	The network should have the flexibility to configure the allocation of PRACH resources for 2-step and 4-step RACH



Based on the views above, the options supported by each reference can be summarized as follows:
	Option Combination
	Supported by

	Option 1 and 2
	[1], [2], [3], [6], [7], [9], [15], [17], [8],

	Options 1, 2 and 3
	[10], [16], [22]

	Option 2 and 3
	[13]

	Option 1
	[12]



In [3], it was discussed how to share ROs between 2-step and 4-step RACH (i.e. option 2) and differentiate Msg2 and MsgB, by New RA-RNTI for msgB, Reinterpretation of reserved field in DCI format 1_0 for scheduling RAR or Explicit/implicit indication in MAC layer for msgB or msg2 multiplexed in one PDSCH. Of which the new RA-RNTI has no impact on legacy UEs.
Based on the table above and taking the majority:
Offline Agreement 2.5.1
· For the relation of PRACH resources between 2-step and 4-step RACH, the network has the flexibility to configure the following options:
· Option 1: Separate ROs are configured for 2-step and 4-step RACH 
· Option 2: Shared RO but separate preambles for 2-step and 4-step RACH

	Company
	Comment on offline agreement 2.5.1

	
	

	
	

	
	

	
	




2.6 Time control for MsgA
Two contributions addressed timing control of MsgA [9] and [17].
Based on the proposals presented the following potential agreements can be considered:

Point for discussion 2.6.1
Company views on UE-assisted timing adjustment
Company view on gNB assisted timing adjustment

	Company
	Comments on point of discussion 2.6.1

	Nokia
	For gNB assisted timing adjustment this should be left for gNB implementation. No standard impact.

	Qualcomm
	Both UE-assisted or gNB assisted timing adjustment can be supported. The goal is to: (1) enhance the performance of 2-step RACH in the absence of a valid TA at UE side; (2) reduce the implementation complexity of gNB or UE; (3) minimize standard impacts.

	
	

	
	



Proposals on this topic

Proposal 2 [9]: Study mechanisms that allows the UE to operate towards the serving cell, without requiring explicit feedback from the network.

Proposal 4 [17]: Both UE-assisted timing adjustment and gNB-assisted timing adjustment can be applied to msgA transmission or reception.
· For UE-assisted timing adjustment, the UL timing offset estimation can be obtained from DL measurements. 
· For gNB-assisted timing adjustment, the UL timing offset can be obtained at least from the msgA preamble processing.

3 MsgB content and design
3 
3.1 MsgB content
Contributions submitted to RAN1#96bis distinguish two different types of information content for MsgB:
· In case MsgB is in response to MsgA with a detected preamble, but PUSCH decoding fails. MsgB content can be the same or similar to that of Msg2 in the 4-step RACH procedure (containing preamble index, TA command, UL grant and TC-RNTI) [1], [2], [7], [9].
· In case MsgB is in response to MsgA with a detected preamble and PUSCH part. In this case MsgB contains the contention resolution ID [1], [2], [7], [9], [17]and other content in Msg4 of the 4-step RACH [2].

Detecting a PDCCH with CRC scrambled by C-RNTI could be used for contention resolution in 2-step RACH [8], [9], [11].
At least UE ID is included in MsgB for contention resolution [17]. MsgB should include TC-RNTI and TA command [11].
Reference [9] has a proposal for he TA command resolution.
Distinguishing MsgB from Msg2:
In [10], three methods are discussed:
1. Different RNTI.
2. Using a reserved bit in DCI.
3. Indicting this in MAC-CE header or MAC-CE payload.

In [19], the following methods are discussed
· Time/frequency resource 
· Response by MAC

Based on the proposals presented the following potential agreements can be considered:

[bookmark: _Hlk5768924]Potential offline agreement 3.1.1
[bookmark: _Hlk5768907]For MsgB content further study with possible down selection or combination the following options:
· Option 1: Combined PDSCH MsgB that may contain the for random access response (Msg2 like content) and the contention resolution and other messages (Msg4 like content)
· Separate PDSCH for 4-step RAR and 2-step MsgB
· FFS: other messages included or not
· Option 2: Separate PDSCH MsgB for random access response (Msg2 like content) and separate PDSCH for contention resolution and other messages (Msg4 like content).
· Option 2.1: A single PDSCH can contain RAR for 4-step and 2-step RACH users, and another PDSCH can contain MsgB contention resolution and other messages.
· [bookmark: _Hlk5763409]Option 2.2: Separate PDSCH can contain 4-step RACH RAR and another PDSCH can contain 2-step RACH RAR and another PDSCH can contain MsgB contention resolution and other messages.
· FFS: Other messages included on not.

	Company
	Comment on offline agreement 3.1.1

	
	

	
	

	
	

	
	




Potential Offline Agreement 3.1.2
Detection of a PDCCH after a MsgA transmission that includes a CRC scrambled by the C-RNTI indicates the successful completion of contention resolution. 
	Company
	Comment on offline agreement 3.1.2

	Qualcomm
	For msgB/PDCCH decoding, CRC scrambled by C-RNTI does not work for UE in RRC_IDLE state. Therefore, modified RA-RNTI needs to be considered. This can be determined by RAN2, or jointly decided by RAN1 and RAN2.

	
	

	
	

	
	



Offline agreement 3.1.3
For the granularity of the time advance command, if supported in MsgB, for the granularity of the TA command down select from the following options:
· Option 1: Based on the subcarrier spacing of MsgA PUSCH.
· Option 2: Based on the subcarrier spacing of the first PUSCH (not including retransmission of MsgA PUSCH or Msg3 in case of fallback) after MsgB
The granularity of the TA command is determined according to the following table.
	Subcarrier Spacing (kHz) of the msgA PUSCH data part
	Unit 

	15
	16*64 Tc

	30
	8*64 Tc

	60
	4*64 Tc

	120
	2*64 Tc



	Company
	Comment on offline agreement 3.1.2

	
	

	
	

	
	

	
	





Points of discussion 3.1.4
How to distinguish MsgB and Msg2 of 4-step RACH
· Different RNTI 
· Use a reserved bit in DCI
· Use a bit in MAC sub-header or MAC PDU
· Time frequency resource
· Search space

	Company
	Comments on point of discussion 3.1.1

	Sony
	Different RNTI 

	
	

	
	

	
	



Proposals on this topic
Proposal 6 [1]: MsgB PDCCH can be scrambled by 2-step-RA-RNTI with different value range from the legacy RA-RNTI.
Proposal 4 [2]: For the Msg2-like content in MsgB, the RAR mechanism in 4-step RACH can be reused in 2-step RACH.
Proposal 2 [6]
· Indication in MAC layer can be used to differentiate RAR for 2-step or 4-step RACH.

Proposal 4 [7]: On 2-step RACH procedure, following two designs should be considered.
· Option 1: gNB responses Msg.B only when both preamble detection and PUSCH decoding are successful.
· Msg.B contains at least detected “UE-ID”.
· Option 2: gNB responses Msg.B when only preamble detection is successful or when both preamble detection and PUSCH decoding are successful.
· Msg.B contains at least detected preamble ID and UL grant for retransmission of Msg.A PUSCH when only preamble is detected at gNB.
· Msg.B contains at least detected “UE-ID” when both preamble detection and PUSCH decoding are successful.

Proposal 5 [8]: Detecting a PDCCH with CRC scrambled by C-RNTI could be used for contention resolution in 2step RACH.
Proposal 6 [8]: Contention resolution ID could be contained in the msgB.
Proposal 3 [9]: Study the allowed MsgB payload size considering MsgB content from RAN2 for the different 2-step RACH use cases.
Proposal 4 [9]: MsgB with contention resolution message doesn’t included UL grant field.
Proposal 5 [9]: For timing advance in MsgB, the granularity of the TA is based on the subcarrier spacing of the data part of MsgA according to Table 3.
Table 3: TA granularity for 2-step RACH.
	Subcarrier Spacing (kHz) of the msgA data part
	Unit 

	15
	16*64 Tc

	30
	8*64 Tc

	60
	4*64 Tc

	120
	2*64 Tc



Proposal 2 [10]: Consider RNTI, reserved bits in DCI, or MAC-CE to indicate the MsgB.
Proposal5 [11]: MsgB should include TC-RNTI and TA command.
Proposal6 [11]: PDCCH with CRC scrambled by C-RNTI could be used for contention resolution in 2-step RACH.
Proposal 4 [15]: Support explicit indication of a RAR type (Msg2 vs MsgB). 
Proposal1 [19]: RAR UL grant is included in MsgB, only the CSI request will be transmitted in the grant. The RAPID, TC-RNTI and C-RNTI will be reused as in 4-step RACH. MsgA should apply fixed MCS and time-frequency resource for transmission.
Proposal2 [19]: Fallback scheme based on the MsgA reception should be supported. UE determine the fallback switching based on the gNB response among following options.
Option1: UE distinguishes the fallback RAR and MsgB by different time/frequency resources. In that case, 2 detection of RA-RNTI scrambled PDCCH will be performed after transmitting MsgA.
Option2: UE can differentiate the MsgB and Fallback msg2 response by MAC. 

Proposal2 [20]: FFS the MAC PDU format when to bundle the Msg2-like MsgB and conventional Msg2 together.


3.2 MsgB Transmission
Several contributions [2], [7] and [9], discussed the scope of MsgB whether it is groupcast or unicast as well as the conditions under which the MsgB is groupcast and unicast.
There was also discussion on when MsgB is sent and when Msg2 is sent. For example, in case MsgA PRACH is detected, but the MsgA PUSCH decoding fails, whether the message sent by the network is MsgB or Msg2. In [6], it considered Msg2 and Msg4 being scheduled in two PDSCH transmissions.
Some contributions, [7] and [9] considered HARQ combining for MsgB. There was also discussion on how to determine the PUCCH resource used for HARQ feedback of a groupcast transmission [9].
The CORESET configuration for MsgB was also considered [11].
Based on the proposals presented the following potential agreements can be considered:
Point of discussion 3.2.1
· In response to MsgA transmission, gNB can transmit
· Option 1: MsgB if MsgA is successfully decoded, and RAR (Msg2-like) if MsgA’s preamble is detected but data is not decoded.
· [bookmark: _Hlk5738051]Option 1.1: RAR of Msg1 and MsgA can be combined in a single message.
· Option 1.2: RAR of Msg1 and RAR of MsgA are in separate messages.
· Option 2: MsgB which can contain RAR and/or contention resolution.

	Company
	Comments on point of discussion 3.2.1

	Sony
	MsgB if MsgA is successfully decoded, and RAR (Msg2-like) if MsgA’s preamble is detected but data is not decoded.


	
	

	
	

	
	






Point of discussion 3.2.2
· Content of MsgB in a single PDSCH transmission
· Separate PDSCH transmissions for RAR (Msg2-like content) and Contention Resolution (Msg-4 like content)
· A single PDSCH transmission of MsgB can include RAR (Msg2-like content) and Contention Resolution information Msg-4 like content)

	Company
	Comments on point of discussion 3.2.2

	
	

	
	

	
	

	
	



Point of discussion 3.2.3
Scope of MsgB
· Unicast or groupcast under what conditions
Support of HARQ retransmissions for MsgB
· If MsgB is groupcast are HARQ retransmissions supported.
· If MsgB is unicast are HARQ retransmissions supported.
	Company
	Comments on point of discussion 3.2.3

	
	

	
	

	
	

	
	



Point of discussion 3.2.4
CORESET/CSS configuration for MsgB
· Configured CORESET/CSS
· Reuse the 4-step RACH CORESET/CSS
	Company
	Comments on point of discussion 3.2.4

	
	

	
	

	
	

	
	



Proposals on this topic
Proposal 7 [4]:
· If MsgB is also used to indicate fall back, reserved bit(s) within DCI field should be considered to indicate fall-back.

Proposal 1 [5]: RAN1 should mandate that any UE that initiates a 2-step RACH procedure should assume that either MsgB or RAR may be transmitted from the gNB.
Proposal 5 [6]
· Msg2 and Msg4 in MsgB are scheduled in separate PDSCHs for 2-step RACH. 
[image: ]
Observation 2 [7]: If Msg.B can contain dedicated part of RRC message, HARQ might be required. In this case, to design Msg.B as dedicated would make design for supporting HARQ simpler.
Observation 3 [7]: If Msg.B does not contain dedicated part of RRC message, Msg.B can be designed as groupcast and does not need to have HARQ similar to 4 step RACH case.

Proposal 6 [9]: Support HARQ combining for MsgB when it is groupcast to multiple UEs.
Proposal 7 [9]: The gNB can dynamically switch between retransmission of MsgB using the same payload as the previous MsgB transmission on that HARQ process or using only the payload of the UEs from which no HARQ-ACK is received.
Proposal 8 [9]: In 2-step RACH, each UE determines a unique HARQ-ACK resource to feedback the HARQ-ACK status of MsgB.
Proposal 9 [9]: Study methods to uniquely determine the PUCCH resource for HARQ-ACK feedback when multiple UEs have contention resolution identities in MsgB.

Proposal 1[10]: If the gNB detects a preamble, but is unable to decode the MsgA data, then the gNB transmit the RAR following the 4-step RACH directly.
Proposal2 [11]: At least for initial access, individual CORESET/ CSS and response window can be configured for 2-step RACH. The related configuration for 4-step RACH can be reused for 2-step RACH if they aren’t configured.
Proposal4 [11]: MsgB will be sent only when the detections for both preamble and payload by gNB are successful. At least UE ID is included in MsgB for contention resolution.

Proposal 1 [R1-1904199]:
· NR system allows UE who is performing 2-step RACH to monitor RAR message.


3.3 MsgB RNTI

This topic is being discussed in RAN2. Proposals from companies in RAN1 proposed that the RNTI for MsgB could be different from RA-RNTI [1], [5], [10], [17], also whether to configure RNTI as group common [4], [9] or UE-specific [4].

Based on the proposals presented the following potential agreements can be considered:
Potential offline agreement 3.3.1
It is up to RAN2 to decide on the MsgB RNTI design
	Company
	Comment on offline agreement 3.3.1

	
	

	
	

	
	

	
	



Proposals on this topic
Proposal 6 [1]: MsgB PDCCH can be scrambled by 2-step-RA-RNTI with different value range from the legacy RA-RNTI.
Proposal 6 [4]:
· RAN1 has to decide one of below two ways to configure RNTI for MsgB
· Group common RNTI / UE-specific RNTI
 
Proposal 2 [5]: RNTI for MsgB should be different from RA-RNTI.
· The detailed design of RNTI for MsgB is up to RAN2.

3.4 RA response window

Start after transmission of MsgA PUSCH [1], [2], [3], [8], [10], [11], [16] 
· In [1] and [8], it is proposed to have an offset between the end of MsgA and the start of MsgB window.
· In [3] and [10], it is proposed that it starts at the first symbol of the earliest CORESET the UE is configured to receive PDCCH for Type1-PDCCH CSS set, that is at least one symbol, after the last symbol of the PUSCH occasion corresponding to the PUSCH transmission of msgA.
Start after MsgA PRACH [16]
Based on the proposals presented the following potential agreements can be considered:
[bookmark: _Hlk5769388]Potential offline agreement 3.4.1
[bookmark: _Hlk5744465]MsgB For the MsgA response window starts after the end of the PUSCH transmission. further study the following options (for possible down-selection or combination(s) of the options)
· Option 1: Window starts in the first symbol of the earliest CORESET the UE is configured to receive PDCCH of MsgB MsgA response after the end of MsgA PUSCH.
· Option 2: Window starts after an offset after the end of MsgA PUSCH
· [bookmark: _Hlk5760727]Option 2a: Offset is configurable
· FFS: Impact of LBT
· Option 2b: Offset fixed in the specification.
· Option 3: Window starts in the first symbol of the earliest CORESET the UE is configured to receive PDCCH of MsgB MsgA response after an offset after the end of MsgA PUSCH
· Option 3a: Offset is configurable
· Option 3b: Offset is fixed in the specification.
· Option 4: Window starts in the first symbol of the earliest CORESET the UE is configured to receive PDCCH of MsgB MsgA response after the end of MsgA PRACH.
FFS: Fall back
FFS: MsgA response, e.g. MsgB, Msg2

	Company
	Comment on offline agreement

	
	

	
	

	
	

	
	



Proposals on this topic
Proposal 4 [1]: The RA response window for MsgB reception shall start after the transmission of PUSCH of msgA and an offset between the end of msgA and the starting point of response window can be further studied.
Proposal 5 [2]: Time window for MsgB reception can start after the completion of MsgA transmission.
Proposal 2 [3]:  Random access response window for 2-step RACH should be separate configured 
· The random access response window for 2-step RACH starts at the first symbol of the earliest CORESET the UE is configured to receive PDCCH for Type1-PDCCH CSS set, that is at least one symbol, after the last symbol of the PUSCH occasion corresponding to the PUSCH transmission of msgA.

Proposal 4 [8]: UE should start monitoring msgB from gNB after a certain gap from the end of PUSCH transmission in msgA.
Proposal 4 [10]: The RAR monitoring window starts at the earliest control resource set at least one symbol after the last symbol of the PUSCH occasion corresponding to the PUSCH transmission in msgA.
Proposal1 [11]: 2-step RACH Response window should start after the PUSCH in MsgA.

Proposal 5 [16]: For the start timing of RAR window for 2-step RACH, following two options can be considered.
· Alt 1: The window starts after the MsgA preamble
· Alt 2: The window starts after the MsgA PUSCH
Proposal 6 [16]: It should be studied whether Msg2 window and MsgB window are common or independent.

4 2-step RACH Configuration
Various aspects of 2-step RACH configurations have been considered, whether it is allowed to be UE initiated [8], and how to validate two 2-RACH when the cell radius has a RTT that is greater than the CP [16]. In [17], it considered the configurability of MsgA, and support of small and large cells (support preamble formats specified in NR release 15).
Based on the proposals presented the following potential agreements can be considered:
Points of discussion 4.0.1
Can UE autonomously decides between .2-step RACH and 4-step?
· If yes based on what criteria.
	Company
	Comments on point of discussion 4.0.1

	Qualcomm
	According to the WID, 2-step RACH should be able to operate in any RRC state,  regardless the UE has a valid TA or not. Therefore, if a UE needs to decide which type of RACH procedure (2-step or 4-step) to be used, the decision should NOT be based on the presence or absence of a valid TA. 

	
	

	
	

	
	



Points of discussion 4.0.2
Whether 2-step RACH supports all preamble formats or restrict the preamble formats for 2-step.
	Company
	Comments on point of discussion 4.0.2

	Qualcomm
	According to the WID, 2-step RACH should operate in all cell sizes supported in NR Rel-15. Therefore, 2-step RACH should support all preamble formats specified in NR Rel-15, for both small cell and large cell.

	
	

	
	

	
	



Proposals on this topic
Proposal 1 [8]: UE selects whether to initiate 2step RACH or 4step RACH based on pre-defined rule
Proposal 7 [16]: It should be considered how to validate 2-step RACH even in case of the cell with the cell radius larger than the value calculated by Rel-15 PUSCH CP duration.
· E.g., configured threshold, e.g., RSRP, for validating 2-step RACH, indication for validating 2-step RACH. 
Proposal 1 [17]:  In order to operate two-step RACH in all RRC states and all cell sizes supported by NR Rel-15, the following design objectives should be satisfied:
· configurable waveform, MCS and contents should be supported in msgA transmission, wherein the payload can carry the equivalent content of msg3 in four-step RACH, UP data and piggybacked UCI;
· msgA should support preamble formats specified in NR for both small cells and large cells;
· msgB should enable the completion of two-step RACH procedure when both preamble and payload of msgA are correctly detected, or request re-transmission of payload on granted resources if msgA preamble detection is successful but msgA payload decoding fails. 

5 Power control

In RAN1#96, the following agreement related to power control was made
Agreements:
· At least open loop power control for PUSCH transmission in MsgA should be supported
· FFS PC for preamble vs. PC for PUSCH



4 
5 
5.1 Power control parameters and configurations
In [13], it was proposed to study which parameters are hardcoded and which parameters are signalled. 
In [2], [4], and [7], it was proposed that the power control parameters for 2-step RACH and 4-step RACH are separately configured.
In [1], [2], [3], [4], [6], [8], [9], [10], [17], [18], [19] and [21], it was suggested that there is a [configurable] power offset between the MsgA PRACH and the MsgA PUSCH. Furthermore,
· In [8] and [19], it was suggested that this configurable power offset could be delta_preamble_msg3, with an additional delta being proposed in [19].
· In [1], it was suggested to replace msg3-DeltaPreamble by msgA_PUSCH-DeltaPreamble.
· According to [21], it is open whether the same offset is used for 2-step and 4-step RACH procedures.
· In [18], the power offset is function of the preamble index
In [14], it was proposed to use different power control processes for 2-step and 4-step RACH procedures. In [17], different power targets, offsets and path loss compensation schemes can be considered for different preambles and payloads.
In [6], for power reduction, MsgA PUSCH has same priority as associated MsgA PRACH
Based on the proposals presented the following potential agreements can be considered:
[bookmark: _Hlk5769592]Potential offline agreement 5.1.1
[bookmark: _Hlk5745760]For 2-step RACH preamble power control parameter configuration, further study and down select from the following options:
· Option 1: Power control parameters can be separately configured for 2-step and 4-step RACH.
· If a power control parameter is not configured for 2-step RACH, the corresponding power control parameter of 4-step RACH is used instead for 2-step.
· Option 2: The corresponding power control parameter of 2-step RACH preamble follows that of 4-step RACH preamble.



	Company
	Comment on offline agreement 5.1.1

	
	

	
	

	
	

	
	



[bookmark: _Hlk5830350]Potential offline agreement 5.1.2
[bookmark: _Hlk5855601]For the determination of the PUSCH Tx power, further study at least the following components including possible down selection:
· An offset relative to the preamble received target power
· Option 1.1: Offset configured for 2-step RACH
· Option 1.2: Offset is the release 15 delta_preamble_msg3
· Option 1.3: Offset is the release 15 delta_preamble_msg3 + configurable delta
· An offset relative to the MsgA PRACH Tx power for the MsgA PUSCH Tx power configured for 2-step RACH.
· Transmission bandwidth of MsgA PUSCH
· MsgA PUSCH Transport format (ΔTF). Further study the following options for further down selection
· Option 2.1: deltaMCS configured for 2-step separate from 4-step
· Option 2.2: reuse deltaMCS of 4-step RACH
· Preamble received target power.
· Pathloss. Further study the following options for further down selection
· Option 4.1: Full pathloss compensation (α = 1)
· Option 4.2: Partial pathloss compensation alpha configured for 2-step separate from that of 4-step RACH.
· Option 4.3: Partial pathloss compensation using msg3-alpha.
· RS resource index for pathloss estimation.
· Total power ramp-up requested by higher layers for MsgA PUSCH Tx:
· Option 6.1: from the first to the current MsgA PUSCH transmission (Prampuprequested).
· Option 6.2: from the first to the latest random access MsgA preamble transmission (Prampuprequested).
· Note: Latest means most recent transmitted.
· Power scaling priority rule.
[bookmark: _Hlk5861184]
Alternative proposal:
[bookmark: _Hlk5913039]Potential Offline agreement 5.1.2a
For the initial MsgA transmission, the MsgA PUSCH Tx power is determined based on the MsgA PRACH Tx power plus an offset.
· FFS: how to determine the offset.

	Company
	Comment on offline agreement 5.1.2

	
	

	
	

	
	

	
	



Potential offline agreement 5.1.3
[bookmark: _Hlk5745168]For transmission power reduction of MsgA PUSCH further study the following options for down selection:
· Option 1: MsgA PUSCH has same priority as the associated MsgA PRACH.
· Option 2: MsgA PUSCH has the same priority as a PUSCH transmission on the corresponding cell.
	Company
	Comment on offline agreement 5.1.3

	
	

	
	

	
	

	
	



Point of discussion 5.1.4
Power control offset between MsgA PRACH and MsgA PUSCH depends on the preamble index
	Company
	Comments on point of discussion 5.1.4

	
	

	
	

	
	

	
	



Proposals on this topic
Proposal 7 [1]: Reuse the power control principle of msg1 in Rel-15 4-step RACH for that of msgA PRACH preamble initial power and retransmission power.
Proposal 8 [1]: Replace the msg3-DeltaPreamble in the chapter 7.1.1 of 38.213 with the parameter msgA_PUSCH-DeltaPreamble to indicate the PUSCH power offset relative to the preamble power.
· FFS: the scope of msgA_PUSCH-DeltaPreamble.

Proposal 2 [2]: Power offset between preamble and PUSCH should be supported in 2-step RACH.
Proposal 3 [2]: Power control parameters can be separately configured for 2-step and 4-step RACH.

Proposal 4 [3]: Mechanism to determine P0 and alpha for msg3 transmission of 4-step RACH can be reused for msgA PUSCH transmission of 2-step RACH
· P0 for a PUSCH transmission of msgA is determined by the received target power of preamble, and an offset relative to preamble transmission if provided.
· Alpha for a PUSCH transmission of msgA is equal to 1, or configured by higher layer if provided.

Proposal 1 [4]:
· Configuring independent configuration which is related with transmission for preamble in MsgA is necessary.
· Higher initial transmission power for PRACH preamble in msgA can be set than that of msg1.
Proposal 2 [4]: 
· The transmission power for PUSCH in MsgA should be related with transmit power for preamble
· Introducing new parameter representing offset between the preamble and PUSCH also should be needed.
Proposal 3 [4]: 
· Below components might be transmitted through system information at a specified fixed value if they are needed.
· Path loss exponent factor (α),  and PUSCH power control adjustment state () for normal PUSCH transmission.

Proposal 3[6]
· Transmission power of MsgA PUSCH can be determined based on transmission power of associated PRACH transmission, transmission bandwidth difference between PRACH and MsgA PUSCH, and a configured power offset.  
· MsgA PUSCH has same priority as associated PRACH for transmission power reduction.  

Proposal 6 [7]: Parameters for transmit power control should be configured separately for 2-step RACH and 4-step RACH.

Proposal 2 [8]: The PREAMBLE_ Msg3 in NR Rel-15 could be applied to transmission power determination of PUSCH in msgA.
Proposal 15 [9]: For the initial transmission, the power of MsgA data part relative to the power of the preamble is given by:


In [10], two formulas are discussed for power control


And


The difference is the partial path loss compensation
Proposal 6 [10]: Taking (2) as a starting point for power control mechanism design.

[bookmark: _Toc4794146]Proposal 4 [13] Further study which parameters should be signalled, and which parameters should be hardcoded to support an open loop power control of msgA.
Proposal 2 [14]:	Power control for preamble and payload are separate processes. 

Proposal 5 [17]: The following designs for power control procedures can be considered for msgA transmission in two-step RACH:
· OLPC should be applied for msgA preamble and payload;
· different P0 targets, power ramping offsets and pathloss compensation schemes can be considered for preamble and payload;
· power control parameters for msgA payload can be dependent on the RRC state, bandwidth, payload size, traffic load and cell coverage;

Proposal#1[18]: The power control for PRACH preamble and PUSCH should be jointly considered.
Proposal#2 [18]: Different power offsets between Msg-A preamble and PUSCH for initial transmission as a function of different preamble index specified in spec could be considered to enhance PUSCH decoding probability in case of Msg-A collision.
Proposal3 [19]: UE ramps the power of preamble in MsgA if the previous attempt of MsgA is with no response from gNB. Open loop power control is supported for PUSCH in MsgA.
Proposal4 [19]: Delta_preamble_Msg3 is applicable for both 2-step RACH and 4-step RACH. Additional Delta_PUSCH is introduced for MsgA.
[bookmark: _Ref1116011]Proposal 1 [21]: For initial preamble transmission of msgA, UE determines transmission power by the same formula as in 4-step RACH. RAN1 should discuss whether its target preamble received power should be the same as that for 4-step RACH.
[bookmark: _Ref1116013]Proposal 2 [21]: For initial associated PUSCH transmission of msgA, RAN1 should discuss whether offset to the target preamble received power should be the same as that for Msg 3.

5.2 Power ramping and beam switching during retransmissions
Several Tdocs addressed the topic for power for transmission.
In [1] and [4], it was discussed whether to keep the same step size for power ramping the MsgA PRACH and MsgA PUSCH for retransmission. In [3] aa power ramping counter and power ramping step was considered for PUSCH. In [9], the same power ramping step size was considered for retransmissions.
In [1], [9] and [17] aspects related to beam switching and power.
In [18], it was proposed to consider down ramping as well as up ramping.

Based on the proposals presented the following potential agreements can be considered:
[bookmark: _Hlk5772108]Potential offline agreement 5.2.1
· For MsgA Tx beam selection further study at least the following options:
· Option 1: The MsgA PRACH and MsgA PUSCH use the same Tx spatial filter (beam).
· Option 2: The MsgA PRACH and MsgA PUSCH use same or different Tx spatial filter (beam) up to UE implementation.
· No spec impact expected.
· Note: in 4-step RACH it is up to UE implementation to decide the beams for Msg1 and Msg3.
· Option 3: The MsgA PRACH and MsgA PUSCH use same or different Tx spatial filter (beam) under network control/assistance.
· MsgA retransmission, if supported, is defined as a retransmission of MsgA PRACH (with a re-selection of preamble) and MsgA PUSCH. Further study at the following options:
· Option 1: Using the same payload for MsgA PUSCH.
· Option 2: MsgA PUSCH payload can be different.
· FFS: Conditions for MsgA retransmission and relation to fall back.
· FFS: retransmission of PUSCH only.
· FFS: retransmission of PRACH only.

[bookmark: _GoBack]Not agreed
· When re-transmitting MsgA using the same Tx spatial filter (beam) for the MsgA retransmission as the prior MsgA transmission, UE may ramp up both the transmission power of the MsgA PRACH and the transmission power of the MsgA PUSCH. Down select from the following options:
· Option 1: Same power ramping step size for MsgA PRACH and MsgA PUSCH.
· Option 2: Independently configured power ramping step size for MsgA PRACH and MsgA PUSCH.

	Company
	Comment on offline agreement 5.2.1

	
	

	
	

	
	

	
	



[bookmark: _Hlk5772255]Potential offline agreement 5.2.2
· Whether UE performs UL Beam switching during retransmissions of MsgA PRACH and/or MsgA PUSCH is up to UE implementation
· Note: which beam UE switches to is up to UE implementation
· If UE conducts uplink beam switching during a retransmission of MsgA PRACH and/or MsgA PUSCH, there is no power ramping.

	Company
	Comment on offline agreement 5.2.1

	
	

	
	

	
	

	
	



Proposals on this topic
Proposal 9 [1]: The power ramping or beam switch is supported for PUSCH retransmission. The same principle of preamble retransmission can be used for PUSCH retransmission. 
· Whether the power ramping step size of PUSCH is the same as preamble power ramping step size or not can be further investigated.

Proposal 6 [3]: When transmitting msgA, UE may ramp up both the transmission power of PRACH and transmission power of PUSCH for msgA.
· Further discussion on power ramping counter and power ramping step for PUSCH of msgA. RAN2 input will be needed.

Proposal 4 [4]:
· It should be discussed whether different power ramping step size between preamble in MsgA and Msg1 is necessary or not.
Proposal 5 [4]:
· Configuring independent ramping step size is needed for preamble/PUSCH in MsgA.

Proposal 14 [9]: The power control in 2-step RACH should consider 2-step power ramping, power offset between the MsgA preamble and the data transmission and the fall back to 4-step.
Proposal 16 [9]: If the UE doesn’t receive MsgB in response to a MsgA transmission, the UE increments the power of MsgA preamble by  and keeps the same power offset between the MsgA preamble and MsgA data part if the preamble is retransmitted with the same spatial filter (beam).
Proposal 17 [9]: If the network receives the preamble transmitted by the UE, but doesn’t receive the data part of MsgA, as indicated in the MsgB reply to the UE, and if the UE retransmits MsgA using the same spatial filter, the UE keeps the same power of the MsgA preamble and increments the power of MsgA data by .
Proposal 5 [17]: The following designs for power control procedures can be considered for msgA transmission in two-step RACH:
· power ramping procedures specified for msg1 in NR Rel-15 can be considered for msgA preamble/payload retransmission as well;
· when msgA retransmissions are associated with beam switching, power ramping procedures should be considered jointly with beam switching procedures. 

Proposal#3 [18]: Define different power ramping up as well as ramping down levels for Msg-A retransmission as a function of UE identification to better resolve Msg-A collisions.

5.3 Path loss calculation
In [3], the path loss calculation is based on the source reference signal association with the PRACH transmission.
In [10], it considered full path loss compensation for MsgA PRACH and partial path loss compensation for MsgA PRACH.
Based on the proposals presented the following potential agreements can be considered:
[bookmark: _Hlk5772288]Potential offline agreement 5.3.1
For a MsgA PRACH transmission, pathloss is calculated using the RS associated with the MsgA PRACH transmission.
· FFS: RS can be SSB and/or CSI-RS
· FFS: SIB1 can also be used for pathloss measurement in combination SSB
	Company
	Comment on offline agreement 5.3.1

	Qualcomm
	SIB1 can also be used for pathloss measurement, in combination with SSB.

	
	

	
	

	
	



Potential offline agreement 5.3.2
· For calculation of the transmission power of MsgA PRACH based on OLPC, full path loss compensation is used.
· For calculation of the transmission power of MsgA PUSCH based on OLPC, partial path loss compensation based on higher layer-configured path-loss exponent factor is used.
	Company
	Comment on offline agreement 5.3.2

	
	

	
	

	
	

	
	




Proposals on this topic
Proposal 5 [3]: For a PUSCH transmission of msgA, pathloss is calculated using a RS resource from the SSB which is associated with the PRACH transmission of msgA.

5.4 Power with 4-step RACH fall back
In [9], power control procedure with 4-step RACH fall back was in considered. In [21], it was proposed to discuss power control with 4-step RACH fall-back after discussing the fall-back procedure.
Based on the proposals presented the following potential agreements can be considered:
Potential offline agreement 5.4.1
When the UE falls back to 4-step RACH procedure, the UE may adjust the transmit power of the retransmitted PUSCH message power.
· Power adjusted by a configurable offset
· Transmit power of PUSCH Message initialized to a higher-layer configured value.
· FFS: Beamswitching with 4-step fall back.
	Company
	Comment on offline agreement 5.4.1

	
	

	
	

	
	

	
	



Point of Discussion 5.4.2
Step size of power ramping after 4-step fall-back
· Same as step size of MsgA PUSCH and/or MsgA PRACH retransmission
· Different from the step size of MsgA PUSCH retransmission
	Company
	Comments on point of discussion 5.4.2

	
	

	
	

	
	

	
	



Proposals on this topic
Proposal 18 [9]: The UE should fall back to 4-step power ramping, if it has already performed  power ramping or retransmission attempts. After which, the UE can perform additional  access attempts, each with increasing power given by Δ4-step-fallback.
[bookmark: _Ref1116014]Proposal 3 [21]: RAN1 should discuss the fallback procedure before discussing transmission power ramp up of msgA.

6 Fall-back to 4-step RACH
Contributions on fall-back to 4-step RACH considered the triggers for fall-back, and the indication of fall-back to the UEs.
6 
6.1 Triggers for fall-back
The following table summarizes the triggers considered for fall-back.
	Cases to consider for Fallback
	Supported by

	Successful detection of MsgA PRACH, but fail to decode MsgA PUSCH
	[8] (with no contention resolution ID for other UE’s)
[1] [5] [7] [11] [13] [17] [19] [21]

	Failure to detect MsgA PRACH possibly after exceeding a preconfigured number of retransmissions or counter expirartion
	[5] [8] [7] [10] [11] [13] [16] [17] [19] [21]

	By UE at Initial transmission of MsgA
	[7] [21]



In [3], it was proposed that when the UE switches to 4-step fall-back it can start with Msg1 or Msg3 of the 4-step RACH procedure.
In [13], it was proposed to allow retransmissions of MsgA (PRACH and PUSCH). In [4], [8] and [17], it was proposed to have a counter for the maximum number of MsgA transmissions. In [17] and [20], it was proposed to have a maximum transmission time.
Based on the proposals presented the following potential agreements can be considered:
Point of discussion 6.1.1
Triggers for fall-back to 4-step RACH
· MsgA retransmissions exceeds a configured maximum number of transmissions.
· Higher layers configure a timer for 2-step RACH procedure, and the time expires.
· Backoff of retransmitted MsgA exceeds a higher-layer configured threshold.
· Network detects MsgA PRACH, but fails to detect MsgA PUSCH
· Other triggers?
	Company
	Comments on point of discussion 6.1.1

	
	

	
	

	
	

	
	



Potential offline agreement 6.1.2
If a UE doesn’t receive a message from the network that the network has received the MsgA PRACH part or the MsgA PUSCH part, it can retransmit MsgA including the PRACH part and the PUSCH part. Further study the following options for termination of MsgA retransmissions (for possible down-selection or combination(s) of the options):
· Higher layers configure maximum number of MsgA retransmissions
· Higher layers configure timer. MsgA retransmissions stop when timer expires
· Backoff of retransmitted MsgA exceeds a higher-layer configured threshold.
After MsgA transmissions stops further study the following options (for possible down-selection or combination(s) of the options):
· Fall-back to 4-step RACH.
· 2-step RACH procedure fails
	Company
	Comment on offline agreement 6.1.2

	
	

	
	

	
	

	
	



[bookmark: _Hlk5772363]Potential offline agreement 6.1.3
If a UE receives a message from the network indicating that the network has received the MsgA PRACH part and has not successful decoded MsgA PUSCH part:
· The message from the network includes an UL grant
· Further study and down select from the following options:
· Option 1: The UE retransmits the original MsgA data using the UL grant
· Option 2: The UE transmits the Msg3 data part of MsgA using the UL grant

	Company
	Comment on offline agreement 6.1.3

	
	

	
	

	
	

	
	




Proposals on this topic
Proposal 5 [1]: Fallback to 4-step RACH should be supported.
· In case of preamble successfully detected but payload unsuccessfully demodulated, gNB can schedule msg3 transmission.
· In case of preamble and payload unsuccessfully decoding, UE may start msg1 transmission.

Proposal 3 [3]: For 2-step RACH, consider following procedures if RACH procedure is not completed
· Alt. 1: UE restarts 2-step RACH with msgA transmission
· Alt. 2: UE switches to 4-step RACH with msg1 or msg3 transmission

Proposal 9 [4]: 
· Introducing the counter restricting the number of MsgA retransmission should be applied to prevent inefficient usage of resources.

Proposal 5 [7]: The necessity of falback to 4-step RACH for each timing should be discussed. If fallback to 4-step RACH is supported, the detailed mechanism such as the condition for fallback needs further discussion.

Proposal 7 [8]: Allowing UE to fall back to 4step RACH to transmit msg.3 in one 2step RACH attempt if the transmitted preamble is detected, PUSCH transmission fails and other UEs’ PUSCH also fails (i.e., no contention resolution ID).
Proposal 8 [8]: Fallback to 4step RACH procedure when 2step RACH failure exceeds a preconfigured value should be supported.
Proposal 21 [9]: Study different options for having the gNB direct the UE to fall back from the 2-step RACH procedure to the 4-step RACH procedure when the preamble is detected by the gNB but the MsgA data signal is not detected.

Proposal7 [11]: Fallback to 4-step RACH should be supported in these cases:
Case1: Successful detection of preamble, but failure decoding of payload.
Case2: Neither the preamble nor the payload in MsgA is detected successfully.

[bookmark: _Toc4794144]	Proposal 2 [13] In case the PUSCH for msgA cannot be decoded by gNB but the preamble part is detected, a fallback to ordinary 4-step RA is possible. In this case gNB sends a RAR including a grant for msg3 and UE retransmits msg3 part. 
[bookmark: _Toc4794145]Proposal 3 [13] MsgA, including both preamble and data parts, can be retransmitted.
Proposal 4 [16]: Following conditions should be considered for fallback to 4-step RACH.
· When MsgB which UE received indicates that MsgA preamble reception is successful and MsgA PUSCH reception is fail
· When UE can receive Msg2 corresponding to the transmitted preamble
· When UE retransmits MsgA preamble and/or MsgA PUSCH and meets the threshold if configured
[bookmark: _Hlk1160676]Proposal 6 [17]: Two-step RACH can fallback to four-step RACH. The fallback procedures can be triggered by events such as timer expiration, counter overflow or partial detection of msgA.
Proposal2 [19]: Fallback scheme based on the MsgA reception should be supported. UE determine the fallback switching based on the gNB response among following options.
Option1: UE distinguishes the fallback RAR and MsgB by different time/frequency resources. In that case, 2 detection of RA-RNTI scrambled PDCCH will be performed after transmitting MsgA.
Option2: UE can differentiate the MsgB and Fallback msg2 response by MAC. 
If maximum transmission time is exceeded for MsgA, UE can switch to 4-step RACH from 2-step RACH.
In [20], the impact of sharing ROs/preambles between 2-step and 4-step RACH on the fall-back schemes and MAC PDU design for Msg2 and MsgB was considered.
TABLE 1 Relationship between RACH ROs and options for fallback schemes and its impact on Msg2-like MsgB design
	Relationship between 2-step RACH and 4-step RACH resources.
	Possible options for fall back schemes in case of preamble detection success and PUSCH decoding fail
	Impact on the MAC PDU design for Msg2-like MsgB

	Option 1: Separate ROs are configured for 2-step and 4-step RACH
	OptionA/B/C/D are supportable and the fallback depends on the measurements on ROs of 2-step RACH and 4-step RACH.
	· Msg2-like MsgB for 2-step RACH response and Msg2 for 4-step RACH are scrambled with different RA-RNT and they would not be bundled as one message (MAC PDU).
· A new MAC subPDU format for Msg2-like MsgB might be needed for OptionB/C/D.

	Option 2: Shared RO but separate preambles for 2-step and 4-step RACH
	OptionA/B/C/D are supportable and the fallback depends on the measurements on ROs of 2-step RACH and 4-step RACH.
	· Msg2-like MsgB for 2-step RACH response and Msg2 for 4-step RACH might be scrambled with the same RA-RNTI and they might be bundled as one message (MAC PDU).
· A new MAC subPDU format for Msg2-like MsgB might be needed for OptionB/C/D.

	Option 3: Shared RO and shared preambles for 2-step and 4-step RACH
	Only OptionA is supportable since the 2-step RACH user will regard the response for 4-step RACH user with the same preamble ID as its own. 
	· Msg2-like MsgB for 2-step RACH response and Msg2 for 4-step RACH might be scrambled with the same RA-RNTI and they might be bundled as one message (MAC PDU).
· Msg2-like MsgB reuse the same MAC PDU format of RAR.



Proposal1 [20]: FFS the fallback schemes taking the consideration of relationship between 2-step RACH and 4-step RACH resources.
Proposal3 [20]: FFS the details for the MsgA retransmission strategy.
Proposal4 [20]: It is suggested to configure a maximum transmission time for MsgA in 2-step RACH and adopt the above designed scheme of fallback from 2-step RACH to 4-step RACH.
Propsal5 [20]: It is suggested to support including the transmission time of MsgA in the PUSCH of MsgA to enable the gNB to respond MsgB to the UEs with high latency requirement and large transmission time of MsgA in priority.
[bookmark: _Ref893710]Proposal 1 [21]: When a UE does not receive any feedback from a gNB even if a given period passes after having transmitted msgA, the UE may either retry 2-step RACH or fall back to 4-step RACH.
Proposal 3 [21]: A UE supporting the 2-step RACH procedure supports feature of fallback from the 2-step RACH to the 4-step RACH procedure.

6.2 Indication of fall-back
Fall-back can be indicated by sending RAR (Msg2) [2], [4], [13], [16], [17] and [19] in response to a MsgA transmission from UE when the gNB detects the MsgA PRACH but fails to decode MsgA PUSCH.
In [2], it was proposed that the gNB can indicate to the UE when failing to decode MsgA PUSCH, whether to continue with the retransmission of MsgA or PUSCH.
In [9], it was proposed that when falling back to 4-step RACH, the gNB can indicate to the UE whether to start the 4-step RACH procedure with Msg1 or Msg3.
Based on the proposals presented the following potential agreements can be considered:
Point of discussion 6.2.1
gNB can indicate to the UE to fall back to 4-step RACH by
· Sending RAR in Msg2
· Sending RAR in MsgB
	Company
	Comments on point of discussion 6.1.1

	
	

	
	

	
	

	
	



Point of discussion 6.2.2
When gNB detects MsgA PRACH, but fails to decode MsgA PUSCH, it can indicate to the UE further study the following options (for possible down-selection or combination(s) of the options)
· Retransmit only the Msg PUSCH (fall-back to 4-step RACH starting with Msg3)
· Send a 4-step RACH preamble (fall-back to 4-step RACH starting with Msg1)
· Retransmit MsgA (PRACH + PUSCH)
	Company
	Comments on point of discussion 6.1.1

	
	

	
	

	
	

	
	



Proposals on this topic
Proposal 6 [2]: Retransmission of MsgA or PUSCH indicated by MsgB can be supported.
Proposal 7 [2]: 4-step RACH fallback indicated by RAR should be supported.
Proposal 8 [4]:
· RAR should be used for the case of PUSCH decoding failure
Proposal 2 [21]: A gNB orders fallback from 2-step RACH to 4-step RACH procedure to a UE which transmitted PRACH preamble if the gNB fails in decoding of associated PUSCH in spite of success in detection of the PRACH preamble.

7 Beam Refinement for MsgA PUSCH
In RAN1#96, the following agreement related to beam management was made

Agreements:
· The beam association rule between SSB and RACH occasion of 4-step RACH is to be used for 2-step RACH
· FFS beam association for PUSCH

There are various views on beam refinement between MsgA PRACH and MsgA PUSCH. Beam refinement is supported by [9], [14]. However, beam refinement is not supported by [10] at least for idle and inactive states and [17]. In [17], it was also suggested that slot repetition is allowed with different beams used in different slots.
Based on the proposals presented the following potential agreements can be considered:
Potential Offline Agreement 7.0.1
For UEs in idle and inactive state, MsgA PUSCH uses the same QCL as the MsgA PRACH,
· FFS: UEs in connected state.
	Company
	Comment on offline agreement

	
	

	
	

	
	

	
	



Point of discussion 7.0.2
For beam refinement between beam of the MsgA PRACH and the beam of the MsgA PUSCH for UEs in connected state, down select from the following
· Option 1: MsgA PUSCH uses the same QCL as the corresponding MsgA PRACH
· Option 2: MsgA PUSCH uses a different QCL from the corresponding MsgA PRACH
· Note: different option could be used for IDLE/INACTIVE and CONNECTED states
	Company
	Comments on point of discussion 7.0.2

	
	

	
	

	
	

	
	



Proposals on this topic
Proposal 19 [9]: 2-Step RACH supports beam refinement when receiving the data part of MsgA.
Proposal 20 [9]: For 2-step RACH, and for UEs in RRC CONNECTED state, the network configures CSI-RS resources that are QCL Type-D with the corresponding SS/PBCH blocks. Each preamble associated with a SS/PBCH Block indicates a CSI-RS resource QCLed with that SS/PBCH Block.
Proposal 5 [10]: PUSCH uses the same QCL as the preamble included in the MsgA, as least for the idle and the inactive state.
Proposal 1 [14]:	Beam association for PUSCH is separate from PRACH.
Proposal 7 [17]: Allow configurations in which UE can determine its UL beam for msgA preamble in the same manner as for four-step RACH, and use the same UL beam for both preamble and payload of msgA. 
Proposal 8 [17]: Allow configuration of POs with slot-repetition, and allow different repeated slots to use different transmit beams.

8 Other points
Scrambling sequence (this is discussed channel structure AI)
Proposal 3 [14]:	Consider scrambling sequence initialization based on RA-RNTI for msgA PUSCH. 

9 Proposals and observations by reference

Proposals and Observations from [1]:
Proposal 1: The content of msgA at least including the unique ID for contention resolution.
· RAN2 input will be needed for exact content of msgA and especially the corresponding size of each required field.
Proposal 2: Payload size, i.e. 56/72 bits with MAC header is taken as starting point for the msgA design.
· For RRC connected state, small packet UP data transmission can be considered.
Proposal 3: Option 3 is not preferred. And FFS for option 1 or option 2 down-selection or combination based on evaluation results.
Proposal 4: The RA response window for MsgB reception shall start after the transmission of PUSCH of msgA and an offset between the end of msgA and the starting point of response window can be further studied.
Proposal 5: Fallback to 4-step RACH should be supported.
· In case of preamble successfully detected but payload unsuccessfully demodulated, gNB can schedule msg3 transmission.
· In case of preamble and payload unsuccessfully decoding, UE may start msg1 transmission.
Proposal 6: MsgB PDCCH can be scrambled by 2-step-RA-RNTI with different value range from the legacy RA-RNTI.
Proposal 7: Reuse the power control principle of msg1 in Rel-15 4-step RACH for that of msgA PRACH preamble initial power and retransmission power.
Proposal 8: Replace the msg3-DeltaPreamble in the chapter 7.1.1 of 38.213 with the parameter msgA_PUSCH-DeltaPreamble to indicate the PUSCH power offset relative to the preamble power.
· FFS: the scope of msgA_PUSCH-DeltaPreamble.
Proposal 9: The power ramping or beam switch is supported for PUSCH retransmission. The same principle of preamble retransmission can be used for PUSCH retransmission. 
· Whether the power ramping step size of PUSCH is the same as preamble power ramping step size or not can be further investigated.

[bookmark: _Hlk5091794]Proposals and Observations from [2]:
Observation 1: The sharing of PRACH resources between 2-step RACH and 4-step RACH leads to increased receiver complexity, increased misdetection or false alarm rate, as well as impact on RAR window for existing 4-step RACH.
Proposal 1: Separate PRACH resources (separate preamble indices or separate ROs) for 2-step RACH and 4-step RACH should be supported.
Proposal 2: Power offset between preamble and PUSCH should be supported in 2-step RACH.
Proposal 3: Power control parameters can be separately configured for 2-step and 4-step RACH.
Proposal 4: For the Msg2-like content in MsgB, the RAR mechanism in 4-step RACH can be reused in 2-step RACH.
Proposal 5: Time window for MsgB reception can start after the completion of MsgA transmission.
Proposal 6: Retransmission of MsgA or PUSCH indicated by MsgB can be supported.
Proposal 7: 4-step RACH fallback indicated by RAR should be supported.

Proposals and Observations from [3]:
Observation 1: For a UE performing 2-step RACH procedure, following cases may occur after a msgA transmission.
· UE detects a DCI with CRC scrambled by the corresponding RA-RNTI and receive the RAR that does not contain the contention resolution ID transmitted in msgA, 
· UE does not detect the DCI with RA-RNTI or does not correctly decode the corresponding RAR within a window

Proposal 1:  Support at least option 1 for the relation of PRACH resources between 2-step and 4-step RACH
· Option 1: Separate ROs are configured for 2-step and 4-step RACH 
· FFS Option 2: Shared RO but separate preambles for 2-step and 4-step RACH
Proposal 2:  Random access response window for 2-step RACH should be separate configured 
· The random access response window for 2-step RACH starts at the first symbol of the earliest CORESET the UE is configured to receive PDCCH for Type1-PDCCH CSS set, that is at least one symbol, after the last symbol of the PUSCH occasion corresponding to the PUSCH transmission of msgA.
Proposal 3: For 2-step RACH, consider following procedures if RACH procedure is not completed
· Alt. 1: UE restarts 2-step RACH with msgA transmission
· Alt. 2: UE switches to 4-step RACH with msg1 or msg3 transmission
Proposal 4: Mechanism to determine P0 and alpha for msg3 transmission of 4-step RACH can be reused for msgA PUSCH transmission of 2-step RACH
· P0 for a PUSCH transmission of msgA is determined by the received target power of preamble, and an offset relative to preamble transmission if provided.
· Alpha for a PUSCH transmission of msgA is equal to 1, or configured by higher layer if provided.
Proposal 5: For a PUSCH transmission of msgA, pathloss is calculated using a RS resource from the SSB which is associated with the PRACH transmission of msgA.
Proposal 6: When transmitting msgA, UE may ramp up both the transmission power of PRACH and transmission power of PUSCH for msgA.
Further discussion on power ramping counter and power ramping step for PUSCH of msgA. RAN2 input will be needed.

Proposals and Observations from [4]:
Observation 1: 
· If same target received power is applied to 2-step RACH preamble comparing with Msg1, the detection probability of preamble might be equal even though more power and time/frequency resource are spent for MsgA.
· In order for gNB and UE to enjoy the benefit of 2-step RACH, the detection success probability of initial PRACH preamble transmission should be enough higher.
Observation 2:
· In legacy 4-step RACH, transmission power for Msg3 is use case of normal PUSCH transmission.
Observation 3:
· Setting the power for PUSCH in MsgA without considering power for associated preamble can be an inefficient way and there will be more burden for additional configuration.
Observation 4:
· For PUSCH transmission in 2-step RACH, Since open loop power control is applied to PUSCH in MsgA, some information such as path loss exponent factor (α),  and PUSCH power control adjustment state () cannot be set according without feedback from gNB.
Observation 5:
· For ramping step size, there are two points to be discussed.
· Apart from Msg1, introducing independent configuration of step size for preamble in MsgA is needed or not.
· Appling the same step size to preamble/PUSCH is needed or not. 
Observation 6:
· Even though msgA is transmitted in one RACH occasion, preamble and PUSCH have different detection or collision probability.
Observation 7:
· Using reserved bits in MsgB DCI field instead of PDSCH has following advantage.
· Since UE doesn’t have to read the data, the latency will be shortened.
Observation 8: 
· Before discussing contents of MsgB in detail, the relationship of receiving time between MsgB and Msg2 needs to be clarified firstly.
Proposal 1:
· Configuring independent configuration which is related with transmission for preamble in MsgA is necessary.
· Higher initial transmission power for PRACH preamble in msgA can be set than that of msg1.
Proposal 2: 
· The transmission power for PUSCH in MsgA should be related with transmit power for preamble
· Introducing new parameter representing offset between the preamble and PUSCH also should be needed.
Proposal 3: 
· Below components might be transmitted through system information at a specified fixed value if they are needed.
· Path loss exponent factor (α),  and PUSCH power control adjustment state () for normal PUSCH transmission.
Proposal 4:
· It should be discussed whether different power ramping step size between preamble in MsgA and Msg1 is necessary or not.
Proposal 5:
· Configuring independent ramping step size is needed for preamble/PUSCH in MsgA.
Proposal 6:
· RAN1 has to decide one of below two ways to configure RNTI for MsgB
· Group common RNTI / UE-specific RNTI
Proposal 7:
· If MsgB is also used to indicate fall back, reserved bit(s) within DCI field should be considered to indicate fall-back.
Proposal 8:
· RAR should be used for the case of PUSCH decoding failure
Proposal 9: 
· Introducing the counter restricting the number of MsgA retransmission should be applied to prevent inefficient usage of resources.

Proposals and Observations from [5]:
Proposal 1: RAN1 should mandate that any UE that initiates a 2-step RACH procedure should assume that either MsgB or RAR may be transmitted from the gNB.
Observation 1: Recognition mechanism of MsgB or RAR should be considered.
Proposal 2: RNTI for MsgB should be different from RA-RNTI.
· The detailed design of RNTI for MsgB is up to RAN2.
Proposal 3: Mechanism to limit retransmissions of MsgA and determine RACH failure should be considered.
· Retransmission counter or failure timer are options for the mechanism.

Proposals and Observations from [6]:
Proposal 1
· For the relation of PRACH resources between 2-step and 4-step RACH, Option 1 (separate ROs) and Option 2 (shared RO but separate preambles) are supported. 
Proposal 2
· Indication in MAC layer can be used to differentiate RAR for 2-step or 4-step RACH.
Proposal 3
· Transmission power of MsgA PUSCH can be determined based on transmission power of associated PRACH transmission, transmission bandwidth difference between PRACH and MsgA PUSCH, and a configured power offset.  
· MsgA PUSCH has same priority as associated PRACH for transmission power reduction.  
Proposal 4
· UCI on MsgA PUSCH is supported.
· FFS the UCI content. 
Proposal 5
· Msg2 and Msg4 in MsgB are scheduled in separate PDSCHs for 2-step RACH. 

Proposals and Observations from [7]:
Msg.A contents
Proposal 1: The data in Msg.A at least contains UE-ID. In addition, the data in Msg.A may contain RRC message, BSR, and UP data.
Proposal 2: HARQ combining between initial transmission of Msg.A and retransmission of Msg.A PUSCH should be supported.
Observation 1: Inclusion of UCI which contains “UE-ID” in Msg.A is necessary to support HARQ combining between initial transmission of Msg.A and retransmission of Msg.A PUSCH.

Relation of PRACH resources between 2-step and 4-step RACH
Proposal 3: For the relation of PRACH resources between 2-step and 4-step RACH, the combination of Option 1 and Option 2 should be supported.
· Option 1: Separate ROs are configured for 2-step and 4-step RACH
· Option 2: Shared RO but separate preambles for 2-step RACH and 4-step RACH

2-step RACH procedure and Msg.B contents
Proposal 4: On 2-step RACH procedure, following two designs should be considered.
· Option 1: gNB responses Msg.B only when both preamble detection and PUSCH decoding are successful.
· Msg.B contains at least detected “UE-ID”.
· Option 2: gNB responses Msg.B when only preamble detection is successful or when both preamble detection and PUSCH decoding are successful.
· Msg.B contains at least detected preamble ID and UL grant for retransmission of Msg.A PUSCH when only preamble is detected at gNB.
· Msg.B contains at least detected “UE-ID” when both preamble detection and PUSCH decoding are successful.

HARQ support for Msg.B
Observation 2: If Msg.B can contain dedicated part of RRC message, HARQ might be required. In this case, to design Msg.B as dedicated would make design for supporting HARQ simpler.
Observation 3: If Msg.B does not contain dedicated part of RRC message, Msg.B can be designed as groupcast and does not need to have HARQ similar to 4 step RACH case.

Fallback procedure
Observation 4: For 2-step RACH procedure, the fallback to 4-step RACH could take place in the following timings.
· Timing 1: Initial transmission of Msg.A
· Timing 2: Retransmission of Msg.A after Msg.B reception
· Timing 3: Retransmission of Msg.A in case of no reception of Msg.B
Proposal 5: The necessity of falback to 4-step RACH for each timing should be discussed. If fallback to 4-step RACH is supported, the detailed mechanism such as the condition for fallback needs further discussion.

Power control
Observation 5: For transmit power control of 2-step RACH, Rel.15 NR power control formulation can be reused except that the term related to TPC command in Msg.3 PUSCH power control formulation should be removed.
Proposal 6: Parameters for transmit power control should be configured separately for 2-step RACH and 4-step RACH.

Proposals and Observations from [8]:
Proposal 1: UE selects whether to initiate 2step RACH or 4step RACH based on pre-defined rule.
Proposal 2: The PREAMBLE_ Msg3 in NR Rel-15 could be applied to transmission power determination of PUSCH in msgA.
Proposal 3: a UCI carrying the MCS indication could be considered in the msgA PUSCH.
Proposal 4: UE should start monitoring msgB from gNB after a certain gap from the end of PUSCH transmission in msgA.
Proposal 5: Detecting a PDCCH with CRC scrambled by C-RNTI could be used for contention resolution in 2step RACH.
Proposal 6: Contention resolution ID could be contained in the msgB.
Proposal 7: Allowing UE to fall back to 4step RACH to transmit msg.3 in one 2step RACH attempt if the transmitted preamble is detected, PUSCH transmission fails and other UEs’ PUSCH also fails (i.e., no contention resolution ID).
Proposal 8: Fallback to 4step RACH procedure when 2step RACH failure exceeds a preconfigured value should be supported.

Proposals and Observations from [9]:
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]We have the following observation and proposal on the MsgA content of the 2-step RACH procedure, 
Observation 1: The size of MsgA is use case dependent, depending on the fields making up MsgA and the size of each field for each use case.
Proposal 1: Study the maximum allowed MsgA payload size.
Observation 2: The 4-step TA mechanism is not applicable to the 2-step RACH.
Observation 3: If no TA mechanism is available, then the PUSCH resources reserved for MsgA need to be dimensioned to the worst-case time misalignment.
Proposal 2: Study mechanisms that allows the UE to operate towards the serving cell, without requiring explicit feedback from the network.
We have the following observations and proposals on the MsgB content of the 2-step RACH procedure, 
Observation 4: The size of MsgB is use case dependent, depending on the fields making up MsgB and the size of each field for each use case.
Proposal 3: Study the allowed MsgB payload size considering MsgB content from RAN2 for the different 2-step RACH use cases.
Proposal 4: MsgB with contention resolution message doesn’t included UL grant field.
Proposal 5: For timing advance in MsgB, the granularity of the TA is based on the subcarrier spacing of the data part of MsgA according to Table 2.
[bookmark: _Ref1132805]Table 2: TA granularity for 2-step RACH.
	Subcarrier Spacing (kHz) of the msgA data part
	Unit 

	15
	16*64 Tc

	30
	8*64 Tc

	60
	4*64 Tc

	120
	2*64 Tc



Observation 5: With a one symbol gap between consecutive time resources for the data part of MsgA, consecutive transmissions from UEs in a cell of radius 10 km at 15 khz don’t overlap.
Observation 6: MsgB can be unicast to a single UE with the CRC of the PDCCH scrambled by the C-RNTI of that UE. MsgB can also be group cast to multiple UEs with the CRC of the PDCCH scrambled by a common RNTI that is monitored by multiple UEs.
Observation 7: When MsgB is unicast to one UE, the regular HARQ procedure is used for sending the HARQ-ACK feedback to the gNB when MsgB is received successfully. The absence of HARQ-ACK at the gNB triggers HARQ retransmissions.
Observation 8: In case of a groupcast MsgB, if there is no HARQ-ACK feedback, from the UE to the gNB to indicate reception of MsgB, the design of the system is suboptimal in the sense that the overhead is higher for UL transmissions or for DL transmissions, and this could lead to longer latency.
Observation 9: In case of a groupcast MsgB, with HARQ-ACK feedback from UEs successfully decoding MsgB, the gNB can retransmit the entire payload of the previous transmission, or only retransmit the payload of the UEs from whom no HARQ-ACK feedback is received. There is a tradeoff between HARQ combining gain and single transmission coding gain.
Proposal 6: Support HARQ combining for MsgB when it is groupcast to multiple UEs.
Proposal 7: The gNB can dynamically switch between retransmission of MsgB using the same payload as the previous MsgB transmission on that HARQ process or using only the payload of the UEs from which no HARQ-ACK is received.
Proposal 8: In 2-step RACH, each UE determines a unique HARQ-ACK resource to feedback the HARQ-ACK status of MsgB.
Proposal 9: Study methods to uniquely determine the PUCCH resource for HARQ-ACK feedback when multiple UEs have contention resolution identities in MsgB.
We have the following proposals on the configuration of the 2-step RACH procedure, 
Proposal 10: Sharing the PRACH Occasions and preamble indices between 4-step RACH and 2-step RACH is not supported.
Proposal 11: When a PRACH occasion is shared between 2-step and 4-step RACH procedures, the preamble indices for the 4-step RACH procedure are unique from those of the 2-step RACH procedure.
Proposal 12: For a PRACH occasion that contains 2-step RACH preambles, the following PRACH preamble configurations are supported:
· The PRACH preambles are divided between the 4-step PRACH procedure and 2-step PRACH procedure
· All PRACH preambles are allocated to the 2-step RACH procedure
Proposal 13: MsgA configuration is provided to the UE by System Information.
We have the following proposals on the power control of the 2-step RACH procedure, 
Proposal 14: The power control in 2-step RACH should consider 2-step power ramping, power offset between the MsgA preamble and the data transmission and the fall back to 4-step.
Proposal 15: For the initial transmission, the power of MsgA data part relative to the power of the preamble is given by:

Proposal 16: If the UE doesn’t receive MsgB in response to a MsgA transmission, the UE increments the power of MsgA preamble by  and keeps the same power offset between the MsgA preamble and MsgA data part if the preamble is retransmitted with the same spatial filter (beam).
Proposal 17: If the network receives the preamble transmitted by the UE, but doesn’t receive the data part of MsgA, as indicated in the MsgB reply to the UE, and if the UE retransmits MsgA using the same spatial filter, the UE keeps the same power of the MsgA preamble and increments the power of MsgA data by .
Proposal 18: The UE should fall back to 4-step power ramping, if it has already performed  power ramping or retransmission attempts. After which, the UE can perform additional  access attempts, each with increasing power given by Δ4-step-fallback.
We have the following observations and proposals on the beam management of the 2-step RACH procedure, 
Observation 10: The data part of MsgA has less coverage than the preamble part of MsgA. Data part of MsgA suffers a higher collision rate than the preambles of MsgA.
Observation 11: Using narrow beams can improve coverage and reduce the probability of collision at the expense of higher system overhead.
Proposal 19: 2-Step RACH supports beam refinement when receiving the data part of MsgA.
Proposal 20: For 2-step RACH, and for UEs in RRC CONNECTED state, the network configures CSI-RS resources that are QCL Type-D with the corresponding SS/PBCH blocks. Each preamble associated with a SS/PBCH Block indicates a CSI-RS resource QCLed with that SS/PBCH Block.
We have the following observation and proposal on the fall back to 4-step RACH, 
Observation 12: The response time for MsgB, Msg2, or a signal that triggers 4-step RACH can be different leading to different reception windows at the UE.
Proposal 21: Study different options for having the gNB direct the UE to fall back from the 2-step RACH procedure to the 4-step RACH procedure when the preamble is detected by the gNB but the MsgA data signal is not detected.

Proposals and Observations from [10]:
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Proposal 1: If the gNB detects a preamble, but is unable to decode the MsgA data, then the gNB transmit the RAR following the 4-step RACH directly.
Proposal 2: Consider RNTI, reserved bits in DCI, or MAC-CE to indicate the MsgB.
Proposal 3: Both shared and separate RACH resource for 2-step RACH and 4-step RACH are supported by configuration.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal 4: The RAR monitoring window starts at the earliest control resource set at least one symbol after the last symbol of the PUSCH occasion corresponding to the PUSCH transmission in msgA.
Proposal 5: PUSCH uses the same QCL as the preamble included in the MsgA, as least for the idle and the inactive state.
Proposal 6: Taking (2) as a starting point for power control mechanism design.

Proposals and Observations from [11]:
Proposal1: 2-step RACH Response window should start after the PUSCH in MsgA.
Proposal2: At least for initial access, individual CORESET/ CSS and response window can be configured for 2-step RACH. The related configuration for 4-step RACH can be reused for 2-step RACH if they aren’t configured.
Proposal3: The payload size determination based on CCCH size can be used as the starting point for the design of MsgA.
Proposal4: MsgB will be sent only when the detections for both preamble and payload by gNB are successful. At least UE ID is included in MsgB for contention resolution.
Proposal5: MsgB should include TC-RNTI and TA command.
Proposal6: PDCCH with CRC scrambled by C-RNTI could be used for contention resolution in 2-step RACH.
Proposal7: Fallback to 4-step RACH should be supported in these cases:
Case1: Successful detection of preamble, but failure decoding of payload.
Case2: Neither the preamble nor the payload in MsgA is detected successfully.

Proposals and Observations from [12]:
Proposal 1: Separate PRACH occasions (RO) are configured for 2-step and 4-step RACH.

Proposal 2: Multiple 2-step RACH configurations shall be supported. The configuration shall at least include:
· Coverage range thresholds (e.g. RSRP/RSRQ range)
· PUSCH modulation and coding
· PRACH format
· FFS: number of 2-Step RACH configurations

Proposal 3: The UE shall choose the 2-Step RACH configuration at least based on measured RSRP level 

Proposal 4: The 2-step RACH should support HARQ in case of PUSCH decoding failure in MsgA.

Proposals and Observations from [13]:
Proposal 1	Down-selection between options 2 and 3 for the relation of PRACH resources between 2-step and 4-step RA should be considered, taking into account e.g. the resource overhead, complexity of receiving msgA, 2/4-step distinction robustness, and RA latency.
Proposal 2	In case the PUSCH for msgA cannot be decoded by gNB but the preamble part is detected, a fallback to ordinary 4-step RA is possible. In this case gNB sends a RAR including a grant for msg3 and UE retransmits msg3 part.
Proposal 3	MsgA, including both preamble and data parts, can be retransmitted.
Proposal 4	Further study which parameters should be signalled, and which parameters should be hardcoded to support an open loop power control of msgA.
Proposal 5	msgA and msgB content and minimum payload size should be based on the input from RAN2 discussions and the maximum payload size for msgA should be simulated based on the simulation assumptions discussed.

Proposals and Observations from [14]:
Proposal 1:	Beam association for PUSCH is separate from PRACH. 

Proposal 2:	Power control for preamble and payload are separate processes. 
 
Proposal 3:	Consider scrambling sequence initialization based on RA-RNTI for msgA PUSCH.

Proposal 4: msgA payload transmission parameters are configurable. 

Proposals and Observations from [15]:
Proposal 1: Support sharing of RACH occasions between 2-step RACH capable UEs and Rel-15 4-step RACH UEs.
Proposal 2: Support sharing of RACH preambles between 2-step RACH UEs and 4-step RACH UEs at a given RACH occasion.
Proposal 3: Impact of timing offset observed by gNB on the PUSCH demodulation performance should be considered to determine the maximum allowed transport block size of MsgA PUSCH. 
Observation 1: With configuring shared RACH resources for 2-step RACH UEs and 4-step RACH UEs, legacy Msg2 and MsgB can be multiplexed in one PDSCH.
Proposal 4: Support explicit indication of a RAR type (Msg2 vs MsgB). 
Proposal 5: HARQ-ACK feedback information of MsgA PUSCH is implicitly indicated by the MAC RAR type indication (i.e. Msg2 indicates NACK and MsgB indicates ACK).  

Proposals and Observations from [16]:
Proposal 1: Shared RACH occasions can be configured for 2-step and 4-step RACH.
Proposal 2: It should be up to gNB configuration that shared RACH occasions or separate RACH occasions are configured for 2-step and 4-step RACH.
Proposal 3: Shared preambles can be configured for 2-step and 4-step RACH.
· It should be up to gNB configuration that shared preambles or separate preambles are configured for 2-step and 4-step RACH.
Proposal 4: Following conditions should be considered for fallback to 4-step RACH.
· When MsgB which UE received indicates that MsgA preamble reception is successful and MsgA PUSCH reception is fail
· When UE can receive Msg2 corresponding to the transmitted preamble
· When UE retransmits MsgA preamble and/or MsgA PUSCH and meets the threshold if configured
Proposal 5: For the start timing of RAR window for 2-step RACH, following two options can be considered.
· Alt 1: The window starts after the MsgA preamble
· Alt 2: The window starts after the MsgA PUSCH
Proposal 6: It should be studied whether Msg2 window and MsgB window are common or independent.
Proposal 7: It should be considered how to validate 2-step RACH even in case of the cell with the cell radius larger than the value calculated by Rel-15 PUSCH CP duration.
· E.g., configured threshold, e.g., RSRP, for validating 2-step RACH, indication for validating 2-step RACH. 

Proposals and Observations from [17]:
Proposal 1:  In order to operate two-step RACH in all RRC states and all cell sizes supported by NR Rel-15, the following design objectives should be satisfied:
· configurable waveform, MCS and contents should be supported in msgA transmission, wherein the payload can carry the equivalent content of msg3 in four-step RACH, UP data and piggybacked UCI;
· msgA should support preamble formats specified in NR for both small cells and large cells;
· msgB should enable the completion of two-step RACH procedure when both preamble and payload of msgA are correctly detected, or request re-transmission of payload on granted resources if msgA preamble detection is successful but msgA payload decoding fails.

Proposal 2:  Both separate and shared RO can be configured for two-step RACH. When a RO is shared between two-step RACH and four-step RACH, the pool of PRACH preambles can be partitioned into mutually exclusive subsets, which are used by different RACH procedures. FFS whether to augment the pool of preambles for shared RO, as well as the preamble allocation schemes for two-step RACH and four-step RACH on a shared RO.

Proposal 3:  The following designs for RO and PO should be supported:
· multiple POs can be configured per RO period, to accommodate different waveform, MCS and payload size;
· multiple two-step RACH UEs can share the same PO, if their msgA transmission use similar configurations for waveform/MCS/payload size;
· to simplify resource size specification for PO, PUSCH resource element in time-frequency domains can be defined;
· resource allocation for PO can be specified relative to RO, by semi-statically or dynamically configured offsets in time and/or frequency domain;
· constrained resource mapping can be configured for asynchronous msgA transmission with potentially large timing offset, wherein the corresponding RO and PO are adjacent in time and overlapping in frequency;
· it is beneficial to balance the resource allocations for RO and PO to achieve a good trade-off in resource utilization efficiency and collision probability.

Proposal 4: Both UE-assisted timing adjustment and gNB-assisted timing adjustment can be applied to msgA transmission or reception.
· For UE-assisted timing adjustment, the UL timing offset estimation can be obtained from DL measurements. 
· For gNB-assisted timing adjustment, the UL timing offset can be obtained at least from the msgA preamble processing.

Proposal 5: The following designs for power control procedures can be considered for msgA transmission in two-step RACH:
· OLPC should be applied for msgA preamble and payload;
· power ramping procedures specified for msg1 in NR Rel-15 can be considered for msgA preamble/payload retransmission as well;
· different P0 targets, power ramping offsets and pathloss compensation schemes can be considered for preamble and payload;
· power control parameters for msgA payload can be dependent on the RRC state, bandwidth, payload size, traffic load and cell coverage;
· when msgA retransmissions are associated with beam switching, power ramping procedures should be considered jointly with beam switching procedures. 

Proposal 6: Two-step RACH can fallback to four-step RACH. The fallback procedures can be triggered by events such as timer expiration, counter overflow or partial detection of msgA.
Proposal 7: Allow configurations in which UE can determine its UL beam for msgA preamble in the same manner as for four-step RACH,  and use the same UL beam for both preamble and payload of msgA.
Proposal 8: Allow configuration of POs with slot-repetition, and allow different repeated slots to use different transmit beams.
Proposal 9: Allow UCI reporting in msgA.

Proposals and Observations from [18]:
Proposal#1: The power control for PRACH preamble and PUSCH should be jointly considered.
Proposal#2: Different power offsets between Msg-A preamble and PUSCH for initial transmission as a function of different preamble index specified in spec could be considered to enhance PUSCH decoding probability in case of Msg-A collision.
Proposal#3: Define different power ramping up as well as ramping down levels for Msg-A retransmission as a function of UE identification to better resolve Msg-A collisions.

Proposals and Observations from [19]:
Proposal1: RAR UL grant is included in MsgB, only the CSI request will be transmitted in the grant. The RAPID, TC-RNTI and C-RNTI will be reused as in 4-step RACH. MsgA should apply fixed MCS and time-frequency resource for transmission.
Proposal2: Fallback scheme based on the MsgA reception should be supported. UE determine the fallback switching based on the gNB response among following options.
Option1: UE distinguishes the fallback RAR and MsgB by different time/frequency resources. In that case, 2 detection of RA-RNTI scrambled PDCCH will be performed after transmitting MsgA.
Option2: UE can differentiate the MsgB and Fallback msg2 response by MAC. 
If maximum transmission time is exceeded for MsgA, UE can switch to 4-step RACH from 2-step RACH.
Proposal3: UE ramps the power of preamble in MsgA if the previous attempt of MsgA is with no response from gNB. Open loop power control is supported for PUSCH in MsgA.
Proposal4: Delta_preamble_Msg3 is applicable for both 2-step RACH and 4-step RACH. Additional Delta_PUSCH is introduced for MsgA.

Proposals and Observations from [20]:
Observation1: The feasibility of possible fallback schemes in case of preamble detection success and PUSCH decoding fail is related to the relationship between 2-step RACH and 4-step RACH resources. And the MAC PDU design for Msg2-like MsgB is impacted accordingly.
Proposal1: FFS the fallback schemes taking the consideration of relationship between 2-step RACH and 4-step RACH resources.

Observation2: In case that Msg2-like MsgB with new subPDU format and conventional Msg2 are bundled in one MAC PDU, reservation bits might be exploited to distinguish the associated subPDU format types and two backoff indicators might be included in the MAC PDU. 
Proposal2: FFS the MAC PDU format when to bundle the Msg2-like MsgB and conventional Msg2 together.

Observation3: For 2-step RACH re-attempt, it shall further consider the MsgA retransmission strategy with details about the configuration of adaptive or non-adaptive retransmission, backoff indicator and possible HARQ for PUSCH.
Proposal3: FFS the details for the MsgA retransmission strategy.

Proposal4: It is suggested to configure a maximum transmission time for MsgA in 2-step RACH and adopt the above designed scheme of fallback from 2-step RACH to 4-step RACH.

Observation4: In the case that gNB shall respond more than one MsgBs to different UE groups in separate DL grants, then the gNB shall determine the priority of the MsgB responses.
Propsal5: It is suggested to support including the transmission time of MsgA in the PUSCH of MsgA to enable the gNB to respond MsgB to the UEs with high latency requirement and large transmission time of MsgA in priority.

Proposals and Observations from [21]:
Proposal 1: When a UE does not receive any feedback from a gNB even if a given period passes after having transmitted msgA, the UE may either retry 2-step RACH or fall back to 4-step RACH.
Proposal 2: A gNB orders fallback from 2-step RACH to 4-step RACH procedure to a UE which transmitted PRACH preamble if the gNB fails in decoding of associated PUSCH in spite of success in detection of the PRACH preamble.
Proposal 3: A UE supporting the 2-step RACH procedure supports feature of fallback from the 2-step RACH to the 4-step RACH procedure.
Proposal 4: For initial preamble transmission of msgA, UE determines transmission power by the same formula as in 4-step RACH. RAN1 should discuss whether its target preamble received power should be the same as that for 4-step RACH.
Proposal 5: For initial associated PUSCH transmission of msgA, RAN1 should discuss whether offset to the target preamble received power should be the same as that for Msg 3.
Proposal 6: RAN1 should discuss the fallback procedure before discussing transmission power ramp up of msgA.
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