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Introduction
There are 22 contributions + 1 related contribution in the other agenda submitted to this agenda item with a total of 202 proposals and 40 observations. The topics covered include
1. MsgA design
2. MsgB design
3. 2-step RACH configuration
4. 2-step RACH power control
5. Fallback to 4-step RACH
6. 2-step RACH beam operations

MsgA Design
MsgA Preamble format
Some companies addressed the issue of which preamble formats to support for the 2-step RACH procedure:
· All NR preamble formats are supported for two-step RACH [4], [21].

[bookmark: _Hlk8863441]Offline Agreement 2.1.1
MsgA shall support all the preamble formats specified for NR release 15.
	Company
	Comment on offline proposal 2.1.1

	Nokia
	Support

	Panasonic
	Support

	Sony
	Support

	
	



UCI in MsgA PUSCH

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
	[11]

	CSI/HARQ-ACK not include
	[15]

	Control Info to assist in decoding PUSCH
	([9] and [21] also consider RAPID), [10], [11], (Study [15])

	UE-ID to assist in HARQ Combining of MsgA
	[14] [19] 

	Beam reporting and L1-RSRP
	[21]



· Whether to use UCI or RAPID for conveying the information to assist in the decoding of PUSCH should be discussed after decision on how many types of PUSCH configuration are supported [9].

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
· Beam reporting and L1-RSRP

	Company
	Comments on point of discussion 2.2.1

	Nokia
	Control information to assist in decoding the PUSCH transmission

	Motorola Mobility, Lenovo
	We think that MsgA should include UE-ID for contention-resolution in 2-step RACH. With a few (e.g. 2) limited number of MCS/TBS choices allowed for a given MsgA PUSCH resource, MCS/TBS can be indicated by MsgA DM RS sequence selection. 

	Panasonic
	We agree to the view in [9] on control information to assist in decoding PUSCH transmission.

	Sony
	Control information to assist in decoding the PUSCH transmission and beam reporting and L1-RSRP.




MsgA PUSCH timing control
In [10], UE assisted timing adjustment of MsgA PUSCH is considered without requiring network assistance.
In [21], both UE-assisted timing adjustment and gNB assisted timing adjustment have been considered for MsgA transmission and reception
Point for discussion 2.3.1
Company views on UE-assisted timing adjustment
Company view on gNB assisted timing adjustment

	Company
	Comments on point of discussion 2.3.1

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

	
	

	
	

	
	




MsgA PUSCH resource size
· MsgA should apply pre-configured MCS(s) and time-frequency resources for PUSCH transmission. The pre-configured MCSs and resources should be based on reference payload sizes [7]

More progress can be made on the MsgA PUSCH configurations once the supported MsgA payload size are agreed in the 2-step RACH channel structure agenda item.
MsgB Design
MsgB content and types
According to the WID, MsgB of 2-step RACH procedure combines Msg2 and Msg4 of the 4-step RACH procedure.
Several contributions addressed the MsgB content:
· Msg2-like content (e.g. RAR) [2] [5] [6] [10]
· Msg4-like content (e.g. Contention resolution, etc) [2] [5] [6] [10]
· Backoff indicator [5]

In [12], it is proposed that the network responds to MsgA with either
· RAR, if the MsgA PRACH is detected and the MsgA PUSCH is not successfully decoded.
· MsgB, if the MsgA PRACH is detected and the MsgA PUSCH is successfully decoded.

In [14], it is proposed to consider the following two options:
· Option 1: MsgB is only sent when both the MsgA PRACH is detected and the MsgA PUSCH is successfully decoded.
· Option 2: MsgB is sent when MsgA PRACH is detected
· If MsgA PUSCH is successfully decoded, MsgB contains at least the UE-ID
· If MsgA PUSCH is not successfully decoded, MsgB contains preamble ID and UL grant for retransmission of MsgA PUSCH.

The table below summarizes some of the fields that can be included in MsgB for the different types of MsgB
	Field
	Supported by

	MsgB in response to detecting MsgA PRACH, but failed MsgA PUSCH decode
Also known as Msg2-like or Fallback RAR

	Preamble Index (RAPID)
	[2] [10] [12] (in one of the considered options [14]) [21], [20]

	TA Command
	[2] [8] [10] [12] [21] [20]

	UL Grant
	[2] [8] [10] [12] (in one of the considered options [14]) [21] [20]

	TC-RNTI
	[2] [8] [10] [12] [20]

	MsgB in response to detecting MsgA PRACH and successfully decoding Msg PUSCH
Also known as Msg4-like or success RAR

	CRID
	[2] [5] [10] [14] [15] [21] [20] (for IDLE UEs)

	RRC Message
	[2] [10] [11] [12]

	PUCCH Resource
	[2] [10] 

	TA Command
	[2] [5] [7] [10] [11] [12] [20]

	TC-RNTI or C-RNTI
	[2] (TC-RNTI for IDLE/INACTIVE UEs [5]), [20] (C-RNTI – newly assigned for IDLE UE, included in MsgA PUSCH for CONNECTED UE)

	C-RNTI Only
	[10]

	UL Grant
	[2] (considered keeping or removing [7]) [11], [20]



In RAN2#106, the following agreement was reached:For CCCH, for success or fallback RAR MsgB can multiplex messages for multiple UEs.  FFS if we can multiplex SRB RRC messages of multiple UEs


Offline proposal 3.1.1
· If MsgA PRACH is detected and MsgA PUSCH is not successfully decoded, the gNB transmits MsgB with Msg2-like content. 
· The content of MsgB includes at least: preamble index, TA command, UL grant, and TC-RNTI.

· If MsgA PRACH is detected and MsgA PUSCH is successfully decoded, the gNB transmits MsgB with Msg4-like content
· The content of MsgB includes at least contention resolution ID and TA command
· FFS: Other content of MsgB can include RRC messages, PUCCH resource indication, TC-RNTI or C-RNTI, and UL grant.
· FFS: MsgB with Msg2-like content and MsgB with Msg4-like content are combined in a single PDSCH or sent in separate PDSCH.

	Company
	Comments on offline proposal 3.1.1

	Motorola Mobility, Lenovo
	· If MsgA PRACH is detected and MsgA PUSCH is not successfully decoded, MsgB includes preamble index, TA command, UL grant, TC-RNTI, and NACK for MsgA PUSCH.
· If MsgA PRACH is detected and MsgA PUSCH is successfully decoded, MsgB includes preamble index, TA command, UL grant, C-RNTI, ACK for MsgA PUSCH, and additionally contention resolution ID for UEs in RRC_IDLE. The C-RNTI in MsgB is same as C-RNTI included in MsgA for RRC_CONNECTED/INACTIVE UEs or a newly assigned C-RNTI for RRC_IDLE UEs. 

If MsgA PUSCH was not successfully decoded, the UL grant in MsgB and TC-RNTI are used for MsgA re-transmission. If MsgA PUSCH was successfully decoded, the UL grant in MsgB and C-RNTI are used for a new UL TB transmission. 
Based on HARQ-ACK feedback for MsgA PUSCH, the UE identifies the RNTI in MsgB is TC-RNTI or C-RNTI.   

	Panasonic
	We support the proposal.

	Sony
	We support it, but RAN2 made decision on these two issues.

	
	



Transmission of MsgB and combining with Msg2
Several contributions discussed whether MsgB with Msg2-like content and MsgB with Msg4-like content are sent in the PDSCH or in different PDSCH.
· A single PDSCH can contain the random access response (Msg2 like content) and the contention resolution and other messages (Msg4 like content) [5] [10]. 
· Msg2-like content and Msg4-like content are sent in separate PDSCH [2], [8]. In [11], it considered Msg2 and Msg4 parts of MsgB being scheduled in two PDSCH transmissions to minimize RAN2 impact.

If MsgA PRACH and MsgA PUSCH is successfully decoded, one or more of the following options for MsgB transmission can be supported:
· MsgB of multiple UEs is multiplexed on the same PDSCH: (MsgB only includes CRID and hence requires longer latency/Rx complexity as RRC message are transmitted separately [2])
· MsgB of a single UE is multiplexed on the same PDSCH: [2], (for connected mode UEs only [10])

In [19], the possibility of combining MsgB with Msg2-like content and Msg2 of the 4-step RACH in a single PDSCH when 2-step RACH and 4-step RACH share the same RO is discussed. In addition, a new subMAC PDU design is considered in case the MsgA PRACH is detected, the network requites the UE to retransmit MsgA (PRACH and PUSCH). 
In [19], it is suggested to consider the priority of each MsgB when the gNB is responding with more than one MsgB to different UE groups. For the example, MsgA can include an indicator of the transmission time of MsgA to assist in determining the priority of MsgB. 
In [20], it is proposed that 2-step RACH and 4-step RACH UEs sharing the same RO multiplex MsgB and Msg2 in the same PDSCH. The UE uses the RAPID to differentiate the Msg2 MAC RAR and MsgB MAC RAR. 
Point of Discussion 3.2.1
Can the gNB combine MsgB with Msg2-like content and MsgB with Msg4-like content in the same PDSCH
· Option 1: Yes
· Option 2: No

	Company
	Comments on point of discussion 3.2.1

	Nokia
	MsgB with Msg2-like content and MsgB with Msg4-like content can be combined in the same PDSCH.

	Motorola Mobility, Lenovo
	MsgB with Msg2-like content and MsgB with Msg4-like content can be combined in the same PDSCH.

	Panasonic
	MsgB with Msg2-like content and MsgB with Msg4-like content can be combined in the same PDSCH.

	
	



Point of Discussion 3.2.2

When 2-step RACH and 4-step RACH share the same RO, can the gNB combine MsgB with Msg2 of the 4-step RACH in the same PDSCH
· Option 1: Yes, but only combine MsgB with Msg2-like content and the 4-step RACHMsg2 in the same PDSCH
· Option 2: Yes, MsgB of any content can be combined with the 4-step RACH Msg2 in the same PDSCH
· Option 3: No

	Company
	Comments on point of discussion 3.2.2

	Nokia
	Option 3, i.e. MsgB of 2-step RACH and Msg2 of 4-step are sent in separate PDSCH.

	Motorola Mobility, Lenovo
	Option 2: Yes, MsgB of any content can be combined with the 4-step RACH Msg2 in the same PDSCH.
Considering that 2-step RACH and 4-step RACH can share RO, sending Msg2 and MsgB in one PDSCH is desired to minimize the spec impact (e.g. definition of RA-RNTI) and to avoid increase of UE’s PDCCH blind decoding complexity.
Both Msg2-like MsgB and Msg4-like MsgB include preamble index, TA command, UL grant, RNTI, and HARQ-ACK for MsgA PUSCH (a reserved bit in 4-step RACH RAR is used for HARQ-ACK feedback), which is aligned with 4-step RACH Msg2.
FFS: how to include contention resolution ID in MsgB (can send LS to RAN2 to ask RAN2 to further study)     

	Panasonic
	Option 3

	
	



HARQ-Operation for MsgB
Support of HARQ for MsgB has been discussed in several contributions.
In [2], [11] and [14], it is proposed that HARQ operation for MsgB is supported when MsgB is transmitted to a single user, and that HARQ operation is not supported when MsgB is groupcast to a group of users. In [2], the support of HARQ operation depends on the type of MsgB; HARQ operation is supported for Msg4-like content of MsgB while HARQ operation is not supported for Msg2-like content of MsgB. In [14], if MsgB contains dedicated RRC message HARQ is supported with unicast transmission of MsgB (dedicated to one user), but if MsgB doesn’t contain dedicated RRC messages: HARQ is not supported, in this case MsgB can be groupcast to multiple UEs.
In [10], it is proposed that HARQ operation for MsgB is supported whether MsgB is transmitted to a single user or to multiple users. HARQ operation for MsgB is supported when MsgB has a PDCCH with CRC scrambled with the C-RNTI and unicast to a single user. HARQ operation for MsgB is also supported when MsgB is groupcast to multiple UEs.
If HARQ operation for MsgB is supported, then a natural question is how to indicate the PUCCH resource used for HARQ-ACK feedback. For 4-step RACH, a common PUCCH resource set is configured by the SIB through parameter pucch-ResourceCommon, and the PUCCH resource is indicated by the PUCCH resource indicator in the DCI scheduling Msg4. Two companies discussed how to indicate the PUCCH resource for MsgB. In [2], the PUCCH resource for HARQ-ACK can be indicated in either PDCCH or PDSCH, while in [10], the PUCCH resource for HARQ-ACK can be indicated in PDCCH, PDSCH, in addition to implicitly derivation.

Point of discussion 3.3.1
Whether to support HARQ operation for MsgB, down select from one or more of the following options:
Option 1: HARQ operation is not supported for MsgB
Option 2: HARQ operation is supported for MsgB when MsgB contains information for a single UE
Option 3: HARQ operation is supported for MsgB when MsgB contains information for multiple UEs or single UE.
	Company
	Comments on point of discussion 3.3.1

	Panasonic
	We support Option 2. Option 2 would make the design for support HARQ simpler. Option 3 needs more specification effort since HARQ-ACK transmission for groupcast would be new design area.

	Sony
	We support HARQ operation at least for a single UE. HARQ operation for multiple UEs is further studied, since groupcast like operation has to be introduced.

	
	

	
	



Point of discussion 3.3.2
If HARQ operation for MsgB is supported, how to indicate the PUCCH resource used for HARQ-ACK feedback?
	Company
	Comments on point of discussion 3.3.21

	Panasonic
	For Option 2 in point do discussion 3.3.1, Rel,15 NR PUCCH resource allocation mechanism before RRC connection can be reused. For Option 3, additional PUCCH resource differentiation mechanism (indicated in PDCCH, PDSCH, or implicit way) is necessary when MsgB contains information for multiple UEs. Our preference is Option 2 with reusing rel.15 NR PUCCH resource allocation.

	Sony
	For HARQ operation of MsgB for a single UE, HARQ operation of Msg4 could be reused.

	
	

	
	



Point of discussion 3.3.3

After receiving MsgB, UE provides feedback to network indicating the reception of MsgB

RNTI design for MsgB
Several companies discussed aspects of RNTI design. The proposals presented covered various aspects, some contributions discussed whether to use the same RA-RNTI of Msg2 of the 4-step RACH for MsgB, other contributions considered a new design for the RNTI of Msg2, while other contributions considered different RNTI design for MsgB with Msg2-like content and MsgB with Msg4-like content. This is a summary of the proposals presented:
In [2], the RNTI used for the reception of MsgB is discussed. Two separate cases are considered:
· In case of Msg2-like content, the RNTI can be based on the RA-RNTI. Furthermore, if ROs are shared between 4-step RACH and 2-step RACH, different CORESET/Search Space can be used to distinguish 2-step and 4-step RACH
· In case of Msg4-like content, the RNTI can be based on the RA-RNTI, C-RNTI (for connected mode UEs), or the TC-RNTI, where the TC-RNTI is generated based on the preamble index or the contention resolution-ID.

In [3], it is proposed that a new RA-RNTI is designed for MsgB 2-step RACH to support the case when the ROs are shared between 2-step RACH and 4-step RACH.
In [6], various options have been considered to distinguish Msg2 and MsgB:
· New RNTI for MgsB with Msg-4 like content and reuse the 4-step RACH RNTI for MsgB with Msg2-like content.
· New RNTI for MsgB with Msg4-like content or Msg2-like content. DCI or MAC based indicator to differentiate between Msg4-like content and Msg2-like content.
· Use the 4-step RACH RA-RNTI for MsgB with Msg4-like content or Msg2-like content. DCI indicator used to differentiate Msg2-like content and Msg4-like content. If 2-step and 4-step RACH share the same RO, different CORESET/Search Space is used for 2-step and 4-step RACH.
· Use the 4-step RACH RA-RNTI for MsgB with Msg4-like content or Msg2-like content. MAC-CE used to differentiate Msg2-like content and Msg4-like content. If 2-step and 4-step RACH share the same RO, different CORESET/Search Space is used for 2-step and 4-step RACH. Possible to combine Msg2-like content and Msg4-like content in the same PDSCH (MAC PDU).

In [8], it is proposed that the fallback RAR and RAR of 4-step RACH use the RA-RNTI and share the same MAC structure, Search Space, DCI formats. The 2-step success RAR and 4-step RACH RAR are differentiated at the physical layer; if the 2-step RACH and 4-step RACH ROs are different, this happens naturally due to the different RA-RNTI values. On the other hand, if 2-step and 4-step RACH share the same RO, the 2-step RACH success RAR and the 4-step RAR can be differentiated by having different equation for calculating the RA-RNTI, using different search space or different DCI formats/fields. Furthermore in [8], it is proposed that the 2-step RACH fallback and success RARs are in different PDSCH (MAC PDU).
In [12], the RNTI for MsgB is different from the RA-RNTI of the RAR.
In [19], the RNTI is based on the RO and preamble index when the MsgA PRACH is detected, but the MsgA PUSCH is not decoded.
Some companies considered that for a connected mode UE with C-RNTI that the C-RNTI is used for contention resolution:
· In [5], it is proposed that PDCCH with CRC scrambled by C-RNTI is used for contention resolution for the case when C-RNTI is included in msgA.
· 
· In [15], it is proposed that detecting a PDCCH with CRC scrambled by C-RNTI could be used for contention resolution.

The RNTI design is typically handled by RAN2, so it is left up to RAN2 to design the MsgB RNTI. It is also left up to RAN2 to decide if a PDCCH with CRC scrambled with C-RNTI transmitted following MsgA can be used for contention resolution.

CORESET and Search Space for MsgB
Several companies discussed the CORESET and search space of MsgB, whether to use the same CORESET/search space as the 4-step RACH or different CORESET/search space. This a summary of the proposals presented:
· Different CORESET/Search Space can be used to distinguish 2-step and 4-step RACH [2]
· At least in the case of initial access, individual CORESET/CSS can be configured for 2-step RACH [5].
· [bookmark: _Hlk8288392]Default CORESET0 and 4-step RACH Type1-PDCCH CSS set can be used for 2-step RACH if they are not provided [5].
· In [9], it is proposed that the search space of MsgB is the same as that of Msg2/Msg4 of the 4-step RACH procedure, i.e. Type1-PDCCH CSS.

Point of Discussion 3.5.1
For 2-step RACH Search Space design further study and down select from the following options:
· Option 1: 2-step RACH uses Type1-PDCCH CSS.
· Option 2: 2-step RACH uses a newly defined common search space
· Option 3: For users in connected mode, 2-step RACH uses UE-specific search space
· It is possible to select different options if 2-step RACH and 4-step RACH use shared or separate ROs.
· It is possible to select different options for users in CONNECTED state or IDLE/INACTIVE states
· It is possible to select different options for depending on type of MsgB content (Msg2-like or Msg4-like)

	Company
	Comments on point of discussion 3.5.1

	Motorola Mobility, Lenovo
	Option 1 (2-step RACH uses Type1-PDCCH CSS)

	Sony
	Option 1

	
	

	
	



Point of Discussion 3.5.2
For 2-step RACH CORESET design further study and down select from the following options:
· Option 1: 2-step RACH uses 4-step RACH CORESET.
· Option 2: 2-step RACH uses a newly defined CORESET
· It is possible to select different options if 2-step RACH and 4-step RACH use shared or separate ROs.
· It is possible to select different options for users in CONNECTED state or IDLE/INACTIVE states
· It is possible to select different options for depending on type of MsgB content (Msg2-like or Msg4-like)

	Company
	Comments on point of discussion 3.5.2

	Motorola Mobility, Lenovo
	Option 1 (2-step RACH uses 4-step RACH CORESET)

	Sony
	Option 1

	
	

	
	



RA response window
In [2], it is proposed to study two options for the MsgB, either there can be one time window for MsgB, or two time windows for MsgB; one for receiving Msg2-like content and the other for receiving Msg4-like content. In [2], the first option (single window) is preferred.
Start of RA response window:
In RAN2#105-bis, RAN2 has agreed that 2-step RACH RA response window starts after the MsgA PUSCH.
The start of the msgB reception window is after the PUSCH transmission opportunity of msgA. 



In RAN2#106, the following agreement was reached:
From RAN2 perspective, no further offset is needed for the start of msgB monitoring window (i.e. no offset is needed to cover the RRC processing delay and/or F1 delay).
The UE will monitor for response message using the single msgB agreed window

Several RAN1 contributions addressed the start of the 2-step RACH RA response window
· For PDSCH after the end of MsgA PUSCH [1].
· RAN2 can add additional offset, e.g. due to the latency associated with the CU/DU split [1].
· At the first symbol of the earliest CORESET the UE is configured to receive PDCCH for Type1-PDCCH CSS set, and at least one symbol after the last symbol of MsgA PUSCH or MsgA PRACH transmission [2], [5], [6].
· Response window for 2-step RACH starts at the first symbol of the earliest CORESET the UE is configured to receive PDCCH for msgA response, after a predefined offset after the last symbol of the PUSCH occasion corresponding to the PUSCH transmission of msgA [3], [4].
· a unified MsgB/Msg2 window started from the first symbol of the earliest monitoring occasion after the MsgA is introduced to response an MsgA [7].
· Start after a certain gap from the end of MsgA PUSCH [15].

Offline Proposal 3.6.1
The MsgB window starts at the first symbol of the earliest CORESET the UE is configured to receive PDCCH for MsgB, and at least one symbol after the last symbol of MsgA PUSCH.

	Company
	Comments on offline proposal 3.6.1

	Panasonic
	Support.

	Sony
	Support

	
	

	
	



Size of MsgB window:
Several contributions addressed the size of the MsgB window
· Reuse the mechanisms specified to extend the size of the NR-U window [1].
· Down select from the following options [2]:
· Option1: the length of RAR window in 4-step RACH
· Option2: the length of contention resolution window in 4-step RACH 
· Option3: configured offset + the length of RAR window in 4-step RACH
· Option4: configured offset + the length of contention resolution window in 4-step RACH
· Option5: separately configured from 4-step RACH
· Size of response window is configurable, if not provided, use the 4-step RACH response window size [5].
· In [9], it is proposed that the UE monitors a RAR window that is shorter than the MsgB window for indication that the preamble has been received, if RAR is not received MsgA is retransmitted.
· In [10], it is observed that the response time for Msg2 and MsgB can different leading to different reception windows at the UE.

The size of MsgB window can be left for RAN2 to decide as it takes aspects such as contention resolution window size which is handled by RAN2

UL grant in MsgB
Several contributions discussed the uplink grant in MsgB:
· Reuse MCS field in UL grant to indicate the retransmission of PUSCH (MCS field of UL grant is interpreted as MCS+RV [6].
· In [7], two options are considered for uplink grant in MsgB. The first option is to remove the UL grant from MsgB. The second option is to keep UL grant in MsgB and use the CSI request at least for contention free procedure.
· MsgB with contention resolution doesn’t include uplink grant [10].
· MsgB doesn’t contain uplink grant [12].

Point of discussion 3.7.1
For the inclusion of UL grant in MsgB, the following options can be considered:
· Option 1: UL grant is included in MsgB with Msg2-like content only.
· Option 2: UL grant is included in MsgB with Msg2-like content and MsgB with Msg4-like content.

	Company
	Comments on point of discussion 3.7.1

	Motorola Mobility, Lenovo
	Option 2: UL grant is included in MsgB with Msg2-like content and MsgB with Msg4-like content.
The UL grant is used for MsgA re-transmission or for transmission of a new TB.

	Sony
	No UL grant in MsgB with Msg4-like content.

	
	

	
	



Granularity of TA command in MsgB
In RAN1#96bis the following agreement was reached

Agreements:
Further study the granularity of the time advance command, if supported in MsgB:
· E.g., Based on the subcarrier spacing of MsgA PUSCH using a 12-bit TA command, where 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
Other options/variations are not precluded

Several companies discussed the TA granularity:
· TA granularity in MsgB should be based on the SCS of the first uplink transmission after MsgB, which includes Msg3 transmissions in case of fallback, but doesn’t include MsgA PUSCH retransmissions [4].
· At least for the case when MsgA PRACH and MsgA PUSCH are in different slots the granularity of the TA command in MsgB is based on the subcarrier spacing of MsgA PUSCH [10].
· In [14], either option in the agreement from RAN1#96bis can be supported. The option of having the granularity based the MsgA PSUCH is less complex and sufficient. While the option of having the granularity based on the SCS of the UL BWP leads to a more optimized TA indication.
· In [15], it is proposed that the TA granularity is based on the UL BWP SCS

Offline proposal 3.8.1
The granularity of the TA command in MsgB is based on the subcarrier spacing of UL active BWP according to the following table.
TA granularity for 2-step RACH.
	Subcarrier Spacing (kHz) of the MsgA PUSCH
	Unit 

	15
	16*64 Tc

	30
	8*64 Tc

	60
	4*64 Tc

	120
	2*64 Tc



	Company
	Comments on offline proposal 3.8.1

	Panasonic
	Support.

	Sony
	Support

	
	

	
	



2-Step RACH Configuration
RA Procedure Selection
Several contributions discussed the RA procedure selection criteria whether to select 2-step RACH or 4-step RACH. One criterion that is relevant to RAN1 is the radio link channel quality. 
In [1], three criteria for RA procedure selection (2-step or 4-step) are discussed: i.e. based on radio link quality, for load balancing, or base on QoS. The latter 2, fall under the domain of RAN2. For the former, i.e. based on the radio link quality, two options are presented: a threshold based on the RSRP or based on the TargetReceiverPower. It is also proposed in [1] that the RA type selection should not be re-executed for each retransmission. In [4], [7], [9], [14] and [15], it is also proposed to select the RA procedure type (i.e. 2-step or 4-step) based on the RSRP.
In [4], it is proposed that 2-step RACH can be optionally configured in addition to 4-step RACH. When configured, the selection of 2-step RACH can be based on a configured RSRP threshold or UE dedicated indication.
In [14], the criteria for selecting 2-step or 4-step RACH when both are configured can be based on the use case as indicated in the SIB or based on channel conditions.
In RAN2#106, the following agreement was reached:

From RAN2 perspective, 2-step RACH selections can be based on indicating to all UEs via SIB, or dedicated configuration in RRC_CONNECTED/INACTIVE/IDLE states.  FFS if radio quality is used for 2-step RACH selection.


Offline Proposal 4.1.1
When a UE is configured with 4-step RACH and 2-step RACH procedures, further study and down select from the following options for the selection of the initial access RA procedure:
· Option 1: UE supporting 2-step RACH always uses 2-step RACH as initial RA attempt
· Option 2: A radio quality criterion is signaled for selection of 2-step RACH (down selection between the following criteria should be the next step if option 2 is selected)
· Alt1: SSB-RSRP based criterion
· Alt2: TargetReceivedPower based criterion
Note this does not preclude any further criteria (e.g. based on QoS or RACH load etc.) being defined by RAN2.
	Company
	Comments on offline proposal 4.1.1

	Motorola Mobility, Lenovo
	Option 2: A radio quality criterion is signaled for selection of 2-step RACH

	Panasonic
	Option 2.

	Sony
	Option 2

	
	



2-step RACH parameter configuration
Several contributions discussed variations aspects of configuration of the preambles, and time and frequency resources of MsgA PRACH when the 2-step and 4-step RACH ROs are separate or shared. Furthermore aspects related to association of preambles to SSBs for 2-step RACH have been discussed.
Preambles:
In [1], for preamble identification in case of shared ROs preambles used for 2-step RACH are included in [totalNumberOfRA-Preambles~63] excluding those used for other purposes.
In [18], the preamble to SSB mapping is considered for the following cases:
· In case of separately configure ROs for 2-step and 4-step RACH, the configuration parameters for associating preambles to SSBs can be the same as those of 4-step RACH or separately configured.
· If CFRA is not supported for 2-step RACH, the total number of preambles can be reduced.
· In case of shared ROs for 2-step RACH and 4-step RACH, the preambles used for 2-step RACH can be part of the CFRA preambles, or part of the preambles not included in the totalNumberOfRA-Preambles.

Offline Proposal 4.2.1
In 2-step RACH, for preamble to SSB mapping
· In case of separately configure ROs for 2-step and 4-step RACH, the 2-step RACH configuration parameters for associating preambles to SSBs are separately configured, if parameters are absent use the corresponding 4-step RACH parameters.
· In case of shared ROs for 2-step RACH and 4-step RACH, for the preambles used for 2-step RACH further study and down select from the following options:
· Option 1: The 2-step RACH preambles can be part of the CFRA preambles
· Option 2: The 2-step RACH preamble are included in [totalNumberOfRA-Preambles, 63]
· FFS: Association between preambles and SSBs

	Company
	Comments on offline proposal 4.2.1

	
	

	
	

	
	

	
	



Time domain:
In [2], it is discussed that for separately configured ROs for 2-step and 4-step RACH, the RO configuration (at least prach-ConfigurationIndex) should be separately configured for 2-step RACH and 4-step to avoid any ambiguity for legacy UEs, which consider all ROs as being available for 4-step RACH.
In [18], the indication of the time domain PRACH Occasions used for 2-step RACH was considered:
· In case of separately configured ROs, there are three possible options: reusing the 4-step PRACH configuration tables, adding new entries to the 4-step RACH configuration tables for 2-step RACH, or defining new configuration tables for 2-step RACH.
· In case the ROs are shared between two-step and 4-step RACH, whether all the 4-step RACH ROs are used for 2-step RACH (this is good for reducing latency), or a subset of the 4-step RACH ROs is used for two-step RACH (this is good for reducing resource overhead).

Offline Proposal 4.2.2
For 2-step RACH with separately configured ROs, for the time domain PRACH occasions, further study and down select from the following options:
· Option 1: 2-step RACH reuses the 4-step RACH configuration tables.
· Option 2: The 4-step RACH configuration tables are extended with new entries for 2-step RACH.
· Option 3: Define a new RACH configuration table for 2-step RACH.

	Company
	Comments on offline proposal 4.2.2

	
	

	
	

	
	

	
	



Offline Proposal 4.2.3
For 2-step RACH, with shared ROs with 4-step RACH, for the time domain PRACH occasions, further study and down select from the following options:
· Option 1: All the 4-step RACH time domain ROs are used for 2-step RACH.
· Option 2: A subset of the 4-step RACH time domain ROs are used for 2-step RACH
· FFS: How to indicate the subset of time domain ROs used for 2-step RACH

	Company
	Comments on offline proposal 4.2.3

	
	

	
	

	
	

	
	



Frequency domain:
In [18], the indication of the frequency domain location of ROs was considered:
· In case of separately configured ROs, the frequency domain configuration for 2-step and 4-step RACH can be the same if the time domain ROs are TDMed. Otherwise, the frequency domain location of 2-step RACH ROs can be separately configured based on a relative offset from that of 4-step RACH.
· In case of shared ROs, the frequency domain location of 4-step and 2-step RACH can be the same.

Offline Proposal 4.2.4
For 2-step RACH, with separately configured ROs, for the frequency domain location (msg1-FDM, and msg1-FrequencyStart) of ROs further study and down select from the following options:
· Option 1: Use the same frequency domain configuration for 2-step RACH and 4-step RACH
· Option 2: Frequency domain configuration for 2-step RACH is separately configured, if configuration is absent use the 4-step RACH configuration.

	Company
	Comments on offline proposal 4.2.4

	
	

	
	

	
	

	
	



Offline Proposal 4.2.5
For 2-step RACH with shared ROs with 4-step RACH, for the frequency domain location (msg1-FDM, and msg1-FrequencyStart) of ROs further study and down select from the following options:
· Option 1: Use the same frequency domain configuration for 2-step RACH and 4-step RACH
· Option 2: A subset of the 4-step RACH frequency domain ROs are used for 2-step RACH
· FFS: How to indicate the subset of frequency domain ROs used for 2-step RACH

	Company
	Comments on offline proposal 4.2.5

	
	

	
	

	
	

	
	



RO invalidation rules:
In [18], it is proposed that the invalidation rules used for 4-step RO are also valid for 2-step RO. In addition, for separately configured ROs, if the 4-step RACH and 2-step RACH ROs overlap, the 2-step RACH ROs become invalid.
Offline Proposal 4.2.6
· The rules for invalidating 2-step RACH ROs follow the same rules that are used for the invalidation of 4-step RACH ROs
· For separately configured 2-step RACH and 4-step RACH ROs, if 2-step RACH ROs overlap with 4-step RACH ROs in time or frequency, the 2-step RACH ROs become invalid.

	Company
	Comments on offline proposal 4.2.5

	
	

	
	

	
	

	
	



Sharing ROs between 2-step and 4-step RACH procedures
In RAN1#96bis, the following agreement has been reached
Agreements:
· 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

[9] would like to reconsider the option of sharing ROs between 2-step and 4-step RACH, as it implies the same configuration for 2-step and 4-step RACH and might limit the availability of PUSCH resources if RACH configuration period is short.
In [17], both shared ROs and separate ROs for 2-step RACH should be supported.

MsgA Waveform configuration
· Separate configuration for 2-step RACH if the configuration is absent, existing random-access parameter for 4-step RACH can be applied for msgA PUSCH: [9]
· Multiple POs can be configured to accommodate different waveforms: [21]

Point of discussion 4.4.1
For MsgA wave configuration down select from the following options:
· Option 1: MsgA PUSCH waveform is configured by higher layer parameters and is the same for all PUSCH Occasions.
· Option 2: MsgA PUSCH waveform is configure for each group of PUSCH Occasions

	Company
	Comments on point of discussion 4.4.1

	
	

	
	

	
	

	
	



RO and PO design considerations
In [21], the following designs for RO and PO are considered:
· multiple POs can be configured per PO configuration 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.

Power Control
Preamble power control parameters
In RAN1#96bis the following agreement was reached:
Agreements:
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.

There are different company views on this topic as described in the following. Some companies see no need for the added complexity of having separate preamble power control configurations for 4-step RACH and 2-step RACH, one company mentioned that having different power control preamble configurations when preambles of 2-step and 4-step RACH share the same RO degrades performance. On the other hand, some companies favored having different configurations as target missed detection rate and other configuration parameters could be different between 2-step and 4-step RACH. 
· Same preamble power control parameters for 2-step and 4-step RACH: [1], [3], [11], [15], [16], [20], [21]
· Separately configured preamble power control parameters for 2-step and 4-step RACH: [9], [10], [14], [17], [18], [22]
· [bookmark: _Hlk8043325]If 4-step RACH and 2-step RACH share the same ROs, same preamble power control parameters for 2-step and 4-step RACH: [2]
· If 4-step RACH and 2-step RACH each as dedicated ROs, the offset values between power control parameters in 2-step RACH and corresponding parameters in 4-step RACH can be configured: [2]

[bookmark: _Hlk8863472]Offline Proposal 5.1.1
· RACH preamble power control parameters include; powerRampingStep and preambleReceivedTargetPower.
· For 2-step RACH, with shared ROs with 4-step RACH, the preamble power control PRACH parameters of 2-step RACH preambles should follow that of 4-step RACH preambles.
· Supported by all companies.
· For 2-step RACH, with separately configured ROs, the preamble 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.
· Supported by: Huawei, Ericsson, Sony, LGE, Panasonic, KDDI, Nokia, Vivo, Sierra Wireless, Spreadtrum
· Objected by: Samsung (will be OK if only configure powerRampingStep for 2-step RACH), Intel



	Company
	Comments on offline proposal 5.1.1

	Panasonic
	Support.

	
	

	
	

	
	




MsgA PUSCH power offset
In RAN1#96-bis, the following agreement was reached
Agreements:
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 reduction priority rule in CA/DC

For the power offset between the MsgA PRACH and MsgA PUSCH, the following captures the views of the various companies:
· Offset relative to the preamble received target power separate from that of 4-step RACH: [1], [3], [9], [10], [14], [23]
· If offset is absent, reuse the 4-step RACH delta_preamble_msg3: [1]
· If 4-step RACH and 2-step RACH share the same ROs, reuse 4-step RACH delat_preamble_msg3: [2]
· DeltaPreambleMsg3 + deltaPUCSCH (additional offset): [7], [16], [23], [21]
· Reuse 4-step RACH delta_preamble_msg3: [11], [15] 
· Power offset is decoupled from preamble index: [10]
· An offset relative to the MsgA PRACH Tx power for the MsgA PUSCH Tx power [16]
· The preamble received target power for 4-step RA is reused by 2-step RA [23]

Offline Proposal 5.2.1
For the determination of the MsgA PUSCH Tx power, an offset relative to the preamble received target power could be configured. If the offset parameter is absent, the parameter delta_preamble_msg3 of 4-step RACH is used.

	Company
	Comments on offline proposal 5.2.1

	Panasonic
	Support.

	Sony
	Support

	
	

	
	



Power offset due to transport format, most contributions agree that deltaMCs used for 4-step RACH should be reused for 2-steo RACH.
· Reuse deltaMCS of 4-step RACH: [1], [3], [9], [10], [11], [16], [21]
· If 4-step RACH and 2-step RACH share the same ROs, reuse 4-step RACH deltaMcs: [2]
· Separate deltaMCS for 2-step RACH: [23]

[bookmark: _Hlk8863523]Offline proposal 5.2.2
For the determination of the MsgA PUSCH Tx power, the power component from the transport format (ΔTF) is determined based on the same mechanism and the same parameter deltaMCS of Rel-15 Msg3.
· In release 15 this parameter is UE specific.
Objected by: Ericsson, IDC (both would like to discuss more and try to conclude this week)
	Company
	Comments on offline proposal 5.2.2

	Panasonic
	Support.

	
	

	
	

	
	



For partial pathloss compensation, the views expressed are mixed between having a separate alpha parameter for 2-step RACH or reusing the 4-step RACH msg3-alpha parameter. Furthermore, one company suggested using full path loss compensation for MsgA PUSCH, and some companies wanted to study more if there is a need for supporting partial path loss compensation for MsgA PUSCH.
· Reuse msg3-alpha for 2-step RACH: [1], [6], [11], [16], [21]
· Alpha coefficient configured separate from that of 4-step RACH: [3], [6], [10], [14], [23]
· If 4-step RACH and 2-step RACH share the same ROs, reuse 4-step RACH msg3-alpha: [2]
· Full pathloss compensation: [9]
· Discuss further if full or partial path loss compensation is needed for MsgA PUSCH [10], [15].

Offline proposal 5.2.3
For the determination of the MsgA PUSCH Tx power, the power component from pathloss compensation is determined by an alpha parameter that is configured for 2-step separate from that of 4-step RACH. If the 2-step RACH alpha parameter is absent, the parameter msg3-alpha of 4-step RACH is used.

	Company
	Comments on offline proposal 5.2.3

	Nokia
	By having this parameter, it gives the network the flexibility to configure a value for alpha for 2-step RACH different from 4-step RACH, for example 2-step RACH might use full pathloss compensation as the MsgA PUSCH is transmitted with no feedback from the network, while Msg3 can use partial pathloss compensation.
At the same time, the network has the flexibility to use the msg3_alpha parameter if this parameter is absent.

	Panasonic
	Support. Alpha for fractional power control is used to reduce inter-cell interference by suppressing the power for cell edge in 4-step RACH. With a certain value of alpha, MsgA PUSCH may not reach gNB with sufficient reception power because passloss is not 100% compensated. In case of Msg3 in 4-step RACH (or normal PUSCH), it is possible to adjust allocated RBs and HARQ is also available. On the other hand, in case of MsgA in 2-step RACH, the number of RBs may be preconfigured and HARQ may not be available. Then, to set separate values of alpha might be better.

	
	

	
	



Several proposals discussed the reference signal used for pathloss estimation:
· Pathloss is calculated using a RS resource from the SSB which is associated with the PUSCH transmission of MsgA: [3]
· SIB1 can be used as an additional signal for pathloss estimation in all RRC states  [10].
· CSI-RS is used for pathloss estimation only in the RRC CONNECTED state  [10].
· [bookmark: _Hlk8210840]For the downlink pathloss estimate for msgA PUSCH power control, the UE uses the same RS resource index as that used for a corresponding msgA preamble power control or the PRACH msg1 power control [23]
· PUSCH-PathlossReferenceRS-Id can re-use NR Rel-15 design; additional RS resources, such as DMRS/SIB and PRS, can also be configured to improve the accuracy of pathloss measurements [21]

Offline proposal 5.2.4
For the downlink pathloss estimate for MsgA PUSCH power control, the UE uses the same RS resource index as that used for the corresponding MsgA PRACH
	Company
	Comments on offline proposal 5.2.4

	
	

	
	

	
	

	
	



Point of discussion 5.2.5
Additional RS used for path loss estimation.
	Company
	Comments on point of discussion 5.2.5

	Nokia
	SIB1 can be used for pathloss estimation. Can be left for UE implementation

	
	

	
	

	
	



Power ramping (PUSCH power control adjustment state)
Several contributions discussed various aspects of power ramping.
In RAN1#96bis, the retransmission of MsgA “is defined as a retransmission of MsgA PRACH (with a re-selection of preamble) and MsgA PUSCH”. Several companies considered power ramping and beam switching for retransmissions.
· If UE changes beams during retransmissions, there is no power ramping: [1] [10]
· When UE re-transmits on the same spatial filter (beam), UE ramps up the transmission power: [1] [10]
· UE ramps the power of preamble in MsgA if the previous attempt of MsgA is with no response from gNB [7].
· When the UE re-transmits MgsA, it ramps up the transmission power [12].
· When msgA retransmissions are associated with beam switching, power ramping procedures should be considered jointly with beam switching procedures [21].
· The power ramping value should be based on total transmission number of MsgA preamble and 4-step RACH preamble [4].

[bookmark: _Hlk8863598]Offline Agreement 5.3.1
[bookmark: _Hlk8850408]From RAN1 perspective, when re-transmitting MsgA, and if the MsgA PRACH is on a different spatial filter (beam) than the latest MsgA PRACH transmission, UE layer 1 notifies higher layer to suspend the power ramping counter of MsgA PRACH, 
· FFS: How to determine the retransmitted MsgA PUSCH Tx power.

Offline Conclusion 5.3.1a
In the reply LS to the RAN2 on power ramping, mention that RAN1 discussed the suspension of power ramping counter when retransmitting MsgA, and if MsgA PRACH is associated with a different SSB/(FFS: CSI-RS) than the latest MsgA PRACH transmission. The suspension of the power ramping counter for this scenario in case of 4-step RACH is described in the RAN2 specifications. It is up to RAN2 to agree on a similar behavior for 2-step RACH.


	Company
	Comments on offline proposal 5.3.1

	Nokia
	This is similar to release 15 behavior of 4-step RACH when Msg1 is retransmitted

	Panasonic
	Agree with Nokia.

	Sony
	Agree

	
	




Offline Proposal 5.3.2
If UE conducts uplink beam switching during a retransmission of MsgA PRACH, there is no power ramping on MsgA.



	Company
	Comments on offline proposal 5.3.2

	Nokia
	This is similar to release 15 behavior of 4-step RACH when Msg1 is retransmitted

	Panasonic
	Agree with Nokia.

	Sony
	Agree

	
	





On the power ramping step size of MsgA PRACH and MsgA PUSCH and total power ramp during the retransmission of MsgA, this is a summary of the company views: 
· Different power ramping step size for PRACH and PUSCH [1] (e.g. related to reliability requirements [2]): [2], [6], [9], [10], [22]
· Total power ramp-up is obtained from the first to the current MsgA PUSCH transmission: [6]
· Total power ramp-up is obtained from the first to the latest MsgA preamble transmission: [10], [15]
· Separate retransmission counter for 2-step RACH, this counter continues to be used when the UE falls back to 4-step RACH [9].
· For retransmission of MsgA UE maintains the same power offset between MsgA PRACH and MsgA PUSCH [10].
· If UE receives a response from the gNB that the preamble has been received, but the MsgA PUSCH has not been decoded, and the UE retransmits MsgA (non-fallback case), the UE keeps the same MsgA PRACH power, but increments the MsgA PUSCH power [10]
· The total power-ramping of msgA PUSCH and msgA preamble depends on the msgA reattempt schemes and the msgA power ramping step size configuration [23]
· A separate power ramping step size and/or the separate high priority power ramping step size can be configured for 2-step RA [23]
· Reset the closed-loop power adjustment state for loop index l=0 when MsgA is transmitted [20].
· The initial value of f(0) is based on the total power ramp up from the first to latest random access preamble [20]

Offline Proposal 5.3.3
Down select from the following two options
Option 1: When re-transmitting MsgA on the same spatial filter (beam),
· The UE can be configured with a single power ramping step for ramping up the power of MsgA PRACH and MsgA PUSCH.
· If the 2-step RACH power ramping step is absent, the UE uses the powerRampingStep configured for 4-step RACH.

Option 2: When re-transmitting MsgA on the same spatial filter (beam),
· The UE can be configured with a power ramping step for ramping up the power of MsgA PRACH
· If the 2-step RACH power ramping step for MsgA PRACH is absent, the UE uses the powerRampingStep configured for 4-step RACH.
· The UE can be configured with another power ramping step for ramping up the power of MsgA PUSCH
· If the 2-step RACH power ramping step for MsgA PUSCH is absent, the UE uses the 2-step RACH power ramping step for MsgA PRACH.
· If the 2-step RACH power ramping step for MsgA PUSCH is absent and the 2-step RACH power ramping step for MsgA PUSCH PRACH is absent, the UE uses the powerRampingStep configured for 4-step RACH.


	Company
	Comments on offline proposal 5.3.3

	Nokia
	Option 1 is preferred, MsgA is retransmitted (both PRACH and PUSCH), there is no reason to increase the power of PUSCH by a different amount from the power increase of PRACH. 
The target PRACH and PUSCH performance is expected to be achieved at the same power difference between MsgA PRACH and MsgA PUSCH.

	Panasonic
	Option 1 is preferred.

	Sony
	Option 2 is preferred – more flexible

	
	



In [2], it is proposed that when MsgA PRACH and MsgA PUSCH transmissions are in the same BW, the preamble is used to assist in the channel estimation of the MsgA PUSCH hence the EPRE gap between the PRACH and PUSCH should be pre-known.

Power reduction rule
Several contributions discussed power reduction rule for MsgA PRACH and MsgA PUSCH. Most contribution are aligned on using the same priority for power reduction of MsgA PRACH and MsgA PUSCH.
· Same priority for MsgA PRACH and MsgA PUSCH on serving cell  [10], [11], [15], [23].
· MsgA transmission on the PCell is prioritized over other channels [23].
· When UE capability supports DC/CA, TX power allocation rules should be specified across multiple carriers [21]

Offline Proposal 5.4.1
For CA/DC MsgA PRACH and MsgA PUSCH have the same power reduction priority.
	Company
	Comments on offline proposal 5.4.1

	
	

	
	

	
	

	
	



Power control with fallback
Two contributions considered power control after fallback to 4-step RACH
· 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 [10].
· Independent step-size for 2-step RACH power ramping and 4-step RACH fallback power ramping  [10].
· Power offset between the Msg3 PUSCH and the MsgA PRACH or Msg1 is configured separately from the power offset between MsgA PRACH and MsgA PUSCH  [10].
· Keep power ramping counter when the UE falls back to 4-step RACH [12].

LS reply to RAN2 on power ramping
In LS R1-1905845, RAN2 asked RAN1 views on power ramping of MsgA for the 2-step RACH procedure.
In R1-1906750 there is a proposed reply to the RAN2 LS

Furthermore, regarding power ramping for MsgA, RAN1 has made several agreements in RAN1#96 and RAN1#96bis that can be found in the chairman’s notes of the corresponding meetings, in addition, RAN1 has concluded on the following:
· When the UE receives no indication from the network that MsgA has been received, the UE retransmits MsgA (preamble and data).
· When the UE retransmits MsgA using the same beam as the previous MsgA transmission, the UE can ramp the transmit power of the MsgA PRACH by .
· The MsgA PUSCH power is based on a fixed offset to the MsgA PRACH power for initial transmission and during power ramping.
· The UE can perform  times of power ramping of MsgA, after which it falls back to 4-step RACH.
· When the UE falls back to 4-step RACH, it adjusts its 4-step RACH preamble transmit power by Δ2-step-to-4-step-fallback relative to last MsgA preamble transmit power.


Point of discussion 5.6.1
Discuss reply LS to RAN2 LS

	Company
	Point of discussion 5.6.1

	
	

	
	

	
	

	
	



4-step RACH Fallback
Retransmission of MsgA
Many contributions discussed the action the UE should take when it fails to get a response from the network indicating that MsgA PRACH has been detected or that MsgA PUSCH has been successful decoded.
If MsgA PRACH is not detected, several companies suggested retransmitting MsgA:
· If MsgA PRACH is not detected, the following options can be supported: retransmission of MsgA or retransmission of PRACH: [2]
· If MsgA PRACH is detected but MsgA PUSCH is not decoded: retransmission of MsgA PUSCH [21]

In [3], the following procedures are considered if the RACH procedure is not completed:
· Restart the 2-step RACH procedure
· Fallback to 4-step RACH starting with Msg1 or Msg3 retransmission.

Some companies indicated a maximum transmission counter or time for MsgA before falling back to 4-step RACH:
· Maximum number of MsgA retransmissions should be limited, with fallback to 4-step RACH [5], [10], [12], [14], [15], [21], [22].
· Maximum retransmission time of MsgA is limited: [7], [12], (maximum transmission time of 2-step RACH doesn’t exceed that of 4-step RACH [19]).
· Fallback to 4-step RACH if power level of MsgA PRACH transmission reaches a configured value: [14]
· Single transmission counter for 2-step and 4-step RACH with two individual preambleTransMax parameters [1].

In RAN2#106, the following agreement was reached:
From RAN2 perspective, for msgA retransmission (i.e. preamble and PUSCH) we assume that the UE retries on 2-step RACH  
FFS whether the UE can fallback to 4-step RACH after certain time.  Ask RAN1 whether the preamble transmission performance for 2-step RACH and 4-step RACH is the same


Offline proposal 6.1.1
The maximum number of MsgA retransmissions is configured by the network
· If UE doesn’t receive a response from the network indicating the detection of MsgA PRACH during the MsgB window;
· If MsgA retransmission counter doesn’t exceed the maximum number of MsgA transmissions configured by the network the UE
· Retransmits MsgA
· Increments the MsgA retransmission counter
· Else the UE
· Transmits 4-step RACH preamble


	Company
	Comments on offline proposal 6.1.1

	Sony
	Support

	
	

	
	

	
	




Offline proposal 6.1.2
· If UE receives a response from the network indicating the detection of MsgA PRACH, but the UE ID doesn’t match the contention resolution ID in MsgB;
· If MsgA retransmission counter doesn’t exceed the maximum number of MsgA transmissions configured by the network the UE
· Retransmits MsgA
· Increments the MsgA retransmission counter
· Else the UE
· Transmits 4-step RACH preamble

	Company
	Comments on offline proposal 6.1.2

	Nokia
	This is the case when two users transmit on the same preamble, and network is able to decode the MsgA PUSCH of one user but not that of the other user. If the network includes the preamble ID in the MsgB response, the user whose MsgA PUSCH has not been decoded, will receive the preamble ID in MsgB but find that the CR ID doesn’t match its ID. There is no uplink grant to fallback to 4-step RACH. 
If the MsgB doesn’t include the preamble ID, this case will not occur.
This scenario is described in [15].

	Sony
	Support

	
	

	
	




Several companies considered the case of MsgA PRACH is detected, but MsgA PUSCH is not decoded:
· If MsgA PRACH is detected, but MsgA PUSCH is not successfully decoded, UE falls back to 4-step RACH continuing with the transmission of Msg3 based on the UL grant received from the network (consider a new transmission or retransmission of previous message [2]), [5], [6], [7], [11], [14], (retransmission of MsgA PUSCH is indicated by UL grant or by RAR [17]), [21], [22].
· For retransmission of MsgA PUSCH, e.g. in case of fallback, the network can indicate to the UE whether to retransmit the same payload in MsgA PUSCH (or Msg3) or a new message [4].

In RAN2#106, the following agreement was reached:
Upon receiving the fallbackRAR, the UE shall proceed to msg3 step of 4-step RACH procedure



Offline proposal 6.1.3
If the MsgA PRACH is detected but the associated MsgA PUSCH is not decoded successfully, further study and down select one or more of the following options:
· Option 1: Retransmission of MsgA
· Option 2: Retransmission of PUSCH
· Option 3: New transmission of PUSCH


	Company
	Comments on offline proposal 6.1.3

	Nokia
	Option 2 is preferred. This is the case of fallback to 4-step RACH continuing with message 3. For option 1, the transmission of the preamble is redundant. Option 3 can be considered if there is a strong use case for transmitting a new payload. Transmission of a new payload doesn’t benefit from HARQ combining with the previous payload, to be decoded successfully, it should have a lower code rate.

	Motorola Mobility, Lenovo
	Option 2: Retransmission of MsgA PUSCH

	Panasonic
	Option 2

	Sony
	Definition of new transmission and retransmission is unclear. In that case, we support fallback operation to 4-step RACH continuing with Msg3.



Several companies discussed when retransmitting MsgA whether to have the same payload across retransmissions or transmit a new payload and whether to support HARQ combining across MsgA retransmissions:
· The UE should be allowed to transmit the same payload for MsgA PUSCH across different retransmission attempts within the same power ramping session [10].
· Same payload is used for MsgA retransmission [11], [14].
· HARQ combining is supported when MsgA PRACH is received and MsgA PUSCH is retransmitted [17], [19].
· Support HARQ combining of MsgA retransmissions at least in connected mode [14]
· Payload can be different across PUSCH retransmissions [15] [16]
· When the UE retransmits MsgA (PRACH + PUSCH), it can use adaptive or non-adaptive retransmission. A non-adaptive retransmission uses the same RO for retransmission [19]

Fallback scenarios and indication
Several companies considered the fallback scenarios and how to indicate fallback to the UE.
4-step RACH fallback indicated by the RAR is supported [2]
In [4], the following conditions for fallback to 4-step RACH are considered:
· MsgA PRACH is detected, but MsgA PUSCH is not successfully decoded.
· Number of MsgA retransmissions exceed a configurable threshold
· RSRP falls below a configurable threshold.

In [15], the following scenarios for fallback are considered:
· When the 2-step RACH procedure failure exceeds a configured value.
· Fallback to 4-step RACH starting with Msg3 when preamble is detected, but no PUSCH transmission is detected corresponding to this preamble.

In [11], it is proposed that indication in the MAC layer is used to indicate fallback to 4-step RACH.
In [20], it is proposed that the HARQ-ACK feedback is included in MsgB. If the acknowledgement is indicated as MsgA PUSCH HARQ-ACK feedback, only a UE which is able to match its identity (C-RNTI or contention resolution ID) with the identity (C-RNTI or contention resolution ID) received in MsgB will perform uplink transmission according the UL grant indicated in MsgB. If the non-acknowledgement is indicated as MsgA PUSCH HARQ-ACK feedback, TC-RNTI is included in MsgB and the UE falls back to 4-step RACH by retransmitting MsgA PUSCH and receiving a PDSCH carrying a contention resolution message.
Offline Proposal 6.2.1
When the number of MsgA transmissions exceeds the configured threshold of the maximum number of MsgA transmissions the UE falls back to 4-step starting with the transmission of 4-step RACH preamble.
	Company
	Comments on offline proposal 6.2.1

	Panasonic
	The alternative way would be UE perform RACH type selection again. UE can still attempt 2-step RACH procedure as far as radio condition satisfy it.

	Sony
	Support

	
	

	
	



Offline Proposal 6.2.2
When a UE receives MsgB indicating that the gNB has detected the MsgA PRACH, but doesn’t include the UE’s contention resolution ID, but includes an uplink grant scheduling the transmission of Msg3, the UE falls back to 4-step RACH starting with the Msg3 transmission.
	Company
	Comments on offline proposal 6.2.1

	Motorola Mobility, Lenovo
	When a UE receives MsgB indicating that the gNB has detected the MsgA PRACH and has successfully decoded MsgA PUSCH, but not including UE ID transmitted in MsgA, the UE consider the Contention Resolution not successful. Thus, the UE retransmits MsgA (preamble and PUSCH) and increments a MsgA transmission counter, if the MsgA transmission counter doesn’t exceed the configured maximum number of MsgA transmissions. 

	Sony
	Not open issue. RAN2 has already agreed as “Upon receiving the fallbackRAR, the UE shall proceed to msg3 step of 4-step RACH procedure”.

	
	

	
	



Offline Proposal 6.2.3
When the RSRP goes below the configured threshold for the selection of 2-step RACH the UE falls back to 4-step RACH.
	Company
	Comments on offline proposal 6.2.1

	
	

	
	

	
	

	
	



Beam Operation
UL Tx beam and beam refinement during 2-step RACH procedure
In RAN1#96bis the following agreement was reached
Agreements:
· 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 PRACH and MsgA PUSCH Tx beams
· The MsgA PRACH and MsgA PUSCH use the same Tx spatial filter (beam): [1], [2], [15], [16]
· The MsgA PRACH and MsgA PUSCH use same or different Tx spatial filter (beam) up to UE implementation: [1], [3], [9], [18]
· For idle and inactive mode UEs, The MsgA PRACH and MsgA PUSCH use same or different Tx spatial filter (beam) up to UE implementation: [12]
· For connected mode UEs, network can control UE beam selection to avoid interference to adjacent cells [12].
· For MsgA retransmissions, The PRACH and PUSCH beam switching can be separately processed: [1]
· Network should have the flexibility to configure the UE to transmit MsgA PRACH and MsgA PUSCH with the same or different UL Tx beams: [10]
· 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 [21]
· Allow configuration of POs with slot-repetition and allow different repeated slots to use different transmit beams [21].

The majority view supports option 1 or option 2 of the RAN1#96bis, hence the following discussion point:
Point of discussion 7.1.1
· 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.
	Company
	Point of discussion 7.1.1

	Sony
	Support option 2.

	
	

	
	

	
	



In [10], UL Tx beam refinement (P-3 phase of beam refinement) is proposed by transmitting multiple DMRS reference signals with different spatial beams.
In [13], beam refinement of PUSCH transmission of MsgA is considered.
Point of discussion 7.1.2
Whether or not to introduce multiple beam formed reference symbols for refining beam management operation in the UL.
	Company
	Point of discussion 7.1.2

	
	

	
	

	
	

	
	



UL Rx beam refinement during 2-step RACH procedure
Rx Beam refinement for MsgA PUSCH is proposed in [10], the UE indicates the refined beam to the gNB the preamble index based on CSI-RS measurements.
Point of discussion 7.2.1
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: UE indicates to gNB a more refined beam to use for MsgA PUSCH reception
· Option 2: UE doesn’t provide any indication to gNB on refined beams.
	Company
	Point of discussion 7.2.1

	
	

	
	

	
	

	
	



Beam selection in case of fallback
In [10], beam selection after fallback to Msg3 of 4-step RACH is considered. In case of fallback to 4-step RACH starting with Msg3, the Msg3 beam is the same as the beam used for the MsgA transmission prior to fallback [10].
Offline Proposal 7.3.1
In case of 4-step fallback with direct transmission of Msg3, the UE uses the same UL Tx beam as used for transmission of MsgA PUSCH before fallback to 4-step RACH.
	Company
	Comments on offline proposal 7.3.1

	
	

	
	

	
	

	
	



Other Proposals
In [13], two options as presented for PSUCH scrambling
· Based on the RA-RNTI + (preamble index or DMRS port)
· Based on a configured scrambling ID. This option applies to connected mode UEs.

This topic is being handled under the 2-step RACH channel structure agenda item.
Proposals and observations by reference
[bookmark: _Ref8038609]Proposals and Observations from [1]
Proposal 1: 
RAN1 should choose between the following options for RA type selection:
Option 1: UE supporting 2-step RACH always uses 2-step RACH as initial RA attempt
Option 2: A radio quality criterion is signaled for selection of 2-step RACH (down selection between the following criteria should be the next step if option 2 is selected)
· Either a RSRP based criterion or
· TargetReceivedPower based criterion
Note this does not preclude any further criteria (e.g. based on QoS or RACH load etc.) being defined by RAN2.
Proposal 2: From RAN1 perspective, there is no need to re-execute the RACH type selection criterion for each retransmission of msgA/msg1 within a given RACH procedure.
Proposal 3: the new transmission counter for 2-step RACH is not necessary.
Proposal 4: For the shared RO but separate preambles for 2-step RACH and 4-step RACH, the following preamble partitioning could be considered:
· 2-step RACH UE can use the [totalNumberOfRA-Preambles~63] preamble indices except the preambles used for other purposes.
Proposal 5: From RAN1 perspective, the msgB window shall start at the first PDCCH opportunity after PUSCH payload of msgA.
Proposal 6: The mechanism designed for NR-U to extend RAR window will be reused for 2-step RACH msgB window too.
Proposal 7: The corresponding power control parameter of 2-step RACH preamble is same as that of 4-step RACH preamble.
Proposal 8: An offset relative to the preamble received target power could be configured for 2-step RACH msgA PUSCH. If the offset parameter is absent, the parameter delta_preamble_msg3 of 4-step RACH is used.
Proposal 9: The deltaMCS and ΔTF of 4-step RACH are reused.
Proposal 10: The pathloss compensation coefficient of 2-step RACH msgA PUSCH is same as that of 4-step RACH msg3, i.e. reuses msg3-alpha when provided, otherwise alpha=1.
Proposal 11: Legacy preamble power ramping or beam switch procedure is reused for preamble in msgA transmission.
Proposal 12: When re-transmitting msgA PUSCH on the same spatial filter (beam), UE should ramp up the transmission power of the msgA PUSCH.
Proposal 13: If UE conducts uplink beam switching during a retransmission of msgA, there is no power ramping on msgA PUSCH.
Proposal 14: For msgA PUSCH, PUSCH_Power_Ramping_Step could be used if configured, but if absent, Preamble_Power_Ramping_Step is reused.
Proposal 15: The same msgA beam selection criterion could be used for first transmission and retransmission.
Proposal 16: For MsgA Tx beam selection, these two options could be considered for further down selection:
· 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.
Proposal 17: Whether UE performs UL Beam switching during retransmissions of MsgA PRACH and MsgA PUSCH is up to UE implementation and which beam UE switches to is also up to UE implementation.
Proposals and Observations from [2]
Observation 1: When there is power offset between preambles in the same RO, the preamble detection performance will degrade much.
Observation 2: The relation between the power ramping of PUSCH and PRACH can be related to the reliability requirements and also beam operations.
Observation 3: Transmitting RRC messages and CRID in the same PDSCH can reduce the overall latency and receiver complexity.

Proposal 1: To configure separate ROs for 2-step and 4-step RACH, the higher layer parameters for RO configuration should be separate.
Proposal 2: When 2-step and 4-step RACH share the ROs, power control parameters of 2-step RACH preambles should follow that of 4-step RACH preambles.
Proposal 3: The offset values between power control parameters in 2-step RACH and corresponding parameters in 4-step RACH can be configured, when dedicated RO is configured for 2-step RACH.
Proposal 4: When 2-step and 4-step RACH share the ROs, power control parameters of MsgA PUSCH can follow the corresponding higher layer parameters of Msg3 in 4-step RACH.
Proposal 5: The power or EPRE gap between PRACH and PUSCH needs to be pre-known in order to help gNB perform channel estimation for PUSCH based on PRACH.
Proposal 6: Separate power ramping of PRACH and PUSCH in 2-step RACH can be considered.
Proposal 7: If the PRACH of MsgA is not detected, the following options can be supported: 
· Retransmission of MsgA
· Retransmission of PRACH
Proposal 8: If the PRACH of MsgA is detected but the associated PUSCH is not decoded, the following options can be supported:
· Retransmission of MsgA
· Retransmission of PUSCH
· New transmission of PUSCH
Proposal 9: If PRACH is detected and PUSCH is not successfully decoded, the content of MsgB can include preamble index, TA command, UL grant, and TC-RNTI, and the RAR mechanism in 4-step RACH can be reused.
Proposal 10: If PRACH detected and PUSCH is successfully decoded, the content of MsgB can include contention resolution ID, RRC messages, PUCCH resource indication, TA command, TC-RNTI or C-RNTI, and UL grant.  
Proposal 11: If PRACH is detected and PUSCH is successfully decoded, further study the options for transmission of MsgB:
· MsgB of multiple UEs multiplexed in the same PDSCH
· MsgB of single UE in each PDSCH
Proposal 12: Further study the options for MsgB reception window(s):
· Option 1: One time window for MsgB reception, 
· Option 2: Two time windows for receiving Msg2-like content and Msg4-like content, respectively.
Proposal 13: In 2-step RACH, the time window(s) for MsgB reception should start at the first symbol of the earliest CORESET the UE is configured to receive PDCCH for Type1-PDCCH CSS set, and at least one symbol after the last symbol of MsgA PUSCH or MsgA PRACH transmission.
Proposal 14: In 2-step RACH, study following options for the length of MsgB reception window(s): 
· Option1: the length of RAR window in 4-step RACH
· Option2: the length of contention resolution window in 4-step RACH 
· Option3: configured offset + the length of RAR window in 4-step RACH
· Option4: configured offset + the length of contention resolution window in 4-step RACH
· Option5: separately configured from 4-step RACH
Proposal 15: RA-RNTI, C-RNTI and TC-RNTI can be considered to scramble the PDCCH for scheduling MsgB in 2-step RACH.
Proposal 16: PUCCH resource for HARQ-ACK can be indicated in either PDCCH or PDSCH.
Proposal 17: Retransmission of MsgA or PUSCH indicated by MsgB can be supported. 
Proposal 18: Fallback to 4-step RACH indicated by RAR should be supported.
Proposal 19:  The MsgA PRACH and MsgA PUSCH use the same transmit spatial filter. 

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: For differentiation between msgB and msg2, new RA-RNTI is introduced for msgB.
Proposal 2:  msgA response window for 2-step RACH starts at the first symbol of the earliest CORESET the UE is configured to receive PDCCH for msgA response, after an predefined offset 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: The MsgA PRACH and MsgA PUSCH use same or different Tx spatial filter (beam) up to UE implementation.
Proposal 5: For 2-step RACH, the corresponding power control parameter of 2-step RACH preamble follows that of 4-step RACH preamble.
Proposal 6: For determination of P0 of PUSCH for msgA, an offset relative to the preamble received target power is configured separately from release 15 delta_preamble_msg3.
Proposal 7: For PUSCH of msgA, partial pathloss compensation alpha equal to 1, or is configured for 2-step separate from that of msg3.
Proposal 8: For PUSCH of msgA, pathloss is calculated using a RS resource from the SSB which is associated with the PUSCH transmission of msgA.
Proposal 9: For PUSCH of msgA, transport format (ΔTF) is determined based on the mechanism and the same parameter deltaMCS of Rel-15.
Proposal 10: 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]
Proposal 1: NW can configure only 4-step RACH or both 4-step RACH and 2-step RACH by SIB.
Proposal 2: Support the selection of 2-step RACH or 4-step RACH in the UE dedicated manner.
· E.g., based on configured RSRP threshold or UE dedicated indication 
Proposal 3: 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 failed
· When the number of MsgA transmissions exceeds the configured threshold of the maximum number of MsgA transmissions
· When the RSRP goes below the configured threshold for the selection of 2-step RACH (even after MsgA (re)transmission(s))
Proposal 4: gNB can indicate whether same message as in MsgA PUSCH shall be sent in Msg3 as fallback to 4-step RACH or not.
Proposal 5: MsgB window starts at the first symbol of the earliest CORESET the UE is configured to receive PDCCH of MsgB after the fixed offset after the end of MsgA PUSCH.
· The value of offset is FFS
Proposal 6: All preamble formats for 4-step RACH should be supported for 2-step RACH.
Proposal 7: TA granularity in MsgB should be based on the SCS of the first uplink transmission after MsgB.
· The first uplink transmission includes Msg3 as fallback to 4-step RACH, and does not include MsgA PUSCH retransmission.
Proposal 8: The power ramping value should be based on total transmission number of MsgA preamble and 4-step RACH preamble.

Proposals and Observations from [5]
Proposal1: At least in the case of initial access, individual CORESET/CSS can be configured for 2-step RACH. Default CORESET0 and 4-step RACH Type1-PDCCH CSS set can be used for 2-step RACH if they are not provided.
Proposal2: Individual RACH Response window can be configured for 2-step RACH. The same RAR window size for 4-step RACH can be used for 2-step RACH if it is not provided.
Proposal3: 2-step RACH Response window should start in the first symbol of the earliest CORESET configured for UE to receive PDCCH of MsgA response after an offset after the end of MsgA PUSCH, the offset can be one symbol which is fixed in the specification.
Proposal4: In response to MsgA transmission, gNB can transmit MsgB which may contain RAR, Backoff Indicator and/or contention resolution.
Proposal5: Support a single PDSCH that contains the random access response (Msg2 like content) and the contention resolution and other messages (Msg4 like content).
Proposal6: Support that the contention resolution ID included in msgB is used for the contention resolution for the case when CCCH SDU is included in msgA. TC-RNTI and TA command should be also included in MsgB.
Proposal7: Support that PDCCH with CRC scrambled by C-RNTI is used for contention resolution for the case when C-RNTI is included in msgA, and TA command should be sent to the UE in the case of UL non-synchronisation.
Proposal8: Fallback to 4-step RACH should be supported in this case:
Case: Successful detection of preamble, but failure decoding of payload.
· UE may perform payload retransmission using the UL grant in response message.
Proposal9: The maximum number of MsgA retransmission should be restricted.

Proposals and Observations from [6]
[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: Reuse MCS field in UL grant to indicate the retransmission of PUSCH.
[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. FFS RAR monitoring window duration for 2-step RACH.
Proposal 5: Taking (2) as a starting point for power control mechanism. Partial pathloss compensation is adopted by reusing msg3-alpha or configured independently; Independent power adjust step for PUSCH is configured, and total power ramp-up is obtained from the first to the current MsgA PUSCH transmission.

Proposals and Observations from [7]
Proposal1: MsgA should apply pre-configured MCS(s) and time-frequency resources for PUSCH transmission. The pre-configured MCSs and resources should be based on reference payload sizes.
Proposal2: 
Considering the 2 options regarding the supported UL grant in MsgB
Option1: There is not UL grant in MsgB content, following PUSCH is depend on the further UL grant by DCI.
Option2: UL grant for further PUSCH scheduling is included in MsgB. CSI request will be transmitted in the grant at least for contention-free random access procedure. 
Timing advanced command is supported in MsgB.
Proposal3: 
Fallback scheme based on the MsgA reception should be supported. UE determine the fallback switching based on the gNB response in a response window.
UE can differentiate the MsgB response and Fallback msg2 response by MAC structure. 
2-step RACH introduce a maximum transmission time. If the maximum transmission time is exceeded for MsgA, UE can switch to 4-step RACH from 2-step RACH.
Proposal4: For UE in 2-step RACH procedure, a unified MsgB/Msg2 window started from the first symbol of the earliest monitoring occasion after the MsgA is introduced to response an MsgA. 
Proposal5: In case of limited capacity of 2-step random access resource, UE with RSRP higher than a threshold can select 2-step RACH resource/preamble.
Proposal6: 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.
Proposal7: Delta_preamble_Msg3 is applicable for both 2-step RACH and 4-step RACH. Additional Delta_PUSCH is introduced for MsgA PUSCH.

Proposals and Observations from [8]
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Proposal 1: The fall-back RAR reuses the legacy RAR in MAC structure. The fall-back RAR and the legacy RAR have the same physical layer configurations, such as RA-RNTI, search spaces and the DCI format/fields.
Proposal 2: The legacy RAR and the 2-step success RAR should not be conveyed in one PDSCH and they should be differentiated in the physical layer.
Proposal 3: The fall-back RAR and the 2-step success RAR should not be conveyed in one PDSCH and they should be differentiated in physical layer.
Proposal 4: To differentiate the legacy RAR (or the fall-back RAR) and the 2-step success RAR in physical layer, it can be considered to use different:
· RA-RNTIs;
· PDCCH search spaces or CORESETs; 
· DCI formats or DCI fields;
· Other features (FFS).

Proposals and Observations from [9]
Observation 1: 
· Before starting 2-step RACH procedure, a specific rule is necessary as below reason and then UEs should be allowed to decide whether they try 2-step RACH or not according to the rules.
· If UEs always are allowed to transmit msgA under good channel condition that guarantees PUSCH decoding success, resource consumption can be reduced by reducing a probability of retransmission.
· Providing specific threshold for selection is one way and then UE is able to decide to 2-step RACH procedure if the channel quality (e.g. RSRP) criterion is satisfied.
Proposal 1: 
· UEs who are about to initiate 2-step RACH should decide whether they start 2-step RACH or 4-step RACH based on channel quality (e.g. RSRP) just as RSRP threshold of SSB is used for determining whether a candidate beam may be used.
Observation 2: 
· There might be issues as follows if RO for 2-step RACH is shared with 4-step RACH (option 2)
· Even though UEs who are trying 2-step RACH is located close to gNB so that the related configuration parameter such as cyclic shift may be configured differently, they always follow configuration for 4-step RACH.
· If the periodicity of RO is set on a short interval, UEs who are trying 2-step RACH are not able to transmit msgA PUSCH due to lack of resources.
Proposal 2: 
· In terms of sharing ROs between 2-step and 4-step RACH:
· Option 1(separate ROs are configured for 2-step and 4-step RACH) should be considered by default. 
· Option 2 (Shared RO but separate preambles for 2-step and 4-step RACH) seems to require further discussion.
Observation 3:
· In 2-step RACH, if UE perform msgA ReTx after finishing msgB monitoring timer (or window), the overall time for 2-step UE may be longer than that for 4-step UE.
Proposal 3:
· For msgA retransmission in 2-step RACH procedure, UE should monitor PDCCH for RAR. 
· After finishing RAR window, UE may operate msgA retrasnission if there is no information regarding the RAPID of the UE in RAR message.
Observation 4:
· There are two types of parameters to indicate what transformer precoder for PUSCH is used in 4-step RACH. 
· UL common configuration such as random-access parameter. 
· UL dedicated configuration such as UE specific PUSCH parameter.
· UL common configuration is needed for transmission of msgA PUSCH since msgA PUSCH tends to have characteristics of msg3.
· Since 2-step RACH normally is expected to be used for UEs who are located in the close proximity of gNB, separate configuration should be supported.
Proposal 4:
· To indicate transform precoder for msgA PUSCH, separate configuration should be configured and then if the configuration is absent, existing random-access parameter for 4-step RACH can be applied for msgA PUSCH.
Observation 5: 
· Since UEs can decide for itself how to set the parameters which are related with transmission of msgA PUSCH, some mechanisms such as UCI and RAPID are suggested to inform gNB how to decode msgA PUSCH.
· Something like the number of supported payload size, MCS and TBS have not been agreed at this time.
Proposal 5: 
· Whether to use UCI or RAPID for conveying the information about decoding of PUSCH should be discussed after decision on how many types of PUSCH configuration are supported.
Observation 6: 
· If the time gap between msgA preamble and PUSCH is long so that channel can be changed, using same TX spatial filter for both of them may not be the best.
Proposal 6: 
· For beam selection between msgA preamble and msgA PUSCH, Option 2 (The msgA PRACH and msgA PUSCH use same or different Tx spatial filter (beam) up to UE implementation) should be applied for 2-step RACH.
Observation 7: 
· 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.
Proposal 7:
· 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.
Observation 8: 
· Followings are observed for determination of the PUSCH Tx power:
· For offset value for preamble, since there is the possibility that separate power control for msgA preamble is configured, using offset with delta_preamble_msg3 (both option 1.2 and option 1.3) seems unnecessary because object itself is changed.
· For the value of msgA PUSCH transport format (), if RAN1 agree to configure deltaMCS for 2-step separate from 4-step RACH, it just causes signaling overhead even though there is no additional profit from the separated configuration.
· For the pathloss compensation factor (), since the gNB is not able to estimate location of UEs except for connected UE and gNB also cannot send the related information to each UE.
· msgA preamble and msgA PUSCH might have different detection or collision probability when multiple UEs transmit preamble at that time
Proposal 8:
· Follows are our proposal for msgA PUSCH Tx power.
· For offset value for preamble, Offset configured for 2-step RACH (option 1.1) should be adopted and nominal PUSCH should be transformed into .
· For the value of msgA PUSCH transport format (), reusing deltaMCS of 4-step RACH (option 2.2) should be adopted.
· For pathloss compensation factor (), Full pathloss compensation (option 4.1) should be adopted.
· Apart from preamble, RAN 1 should consider configuring separate ramping step size for PUSCH.
Observation 9: 
· Since many resources such as frequency/time and power are required for re/transmit msgA, it seems that setting the larger ramping step size than Msg1 might be necessary to make UE to fast access to gNB.
· Retransmission itself seems to be burden for UE and it is necessary to introduce separate counter, apart from counter for 4-step RACH.
Proposal 9:
· After expiration of 2-step RACH retransmission counter, UE who is trying 2-step RACH will fall back to 4-step RACH and then the counter for Msg1 transmission can be same or increased.
Observation 10: 
· Configuring different search space between 2-step and 4-step RACH causes wasted resources if different RNTI is scrambled with type 1-PDDCH for msgB.
Proposal 10:
· Search space for msgB should be basically same as search space for msg2 or msg4.

[bookmark: _Ref8120251]Proposals and Observations from [10]
Observation 1: The 4-step TA mechanism is not applicable to the 2-step RACH.
Observation 2: If no TA mechanism is available, then the PUSCH resources reserved for MsgA need to be dimensioned to the worst-case time misalignment.
Proposal 1: Study mechanisms that allow 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 design of the 2-step RACH procedure, 
Proposal 2: MsgB with contention resolution message doesn’t included UL grant field.
Proposal 3: At least for the case when MsgA PRACH and MsgA PUSCH are in different slots the granularity of the TA command in MsgB is based on the subcarrier spacing of MsgA PUSCH according to Table 1.
[bookmark: _Ref1132805]Table 1: TA granularity for 2-step RACH.
	Subcarrier Spacing (kHz) of the MsgA PUSCH
	Unit 

	15
	16*64 Tc

	30
	8*64 Tc

	60
	4*64 Tc

	120
	2*64 Tc



Observation 3: 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 4: 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 5: 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 6: 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 7: 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 4: Support HARQ combining for MsgB when it is groupcast to multiple UEs.
Proposal 5: 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 6: In 2-step RACH, each UE determines a unique HARQ-ACK resource to feedback the HARQ-ACK status of MsgB.
Proposal 7: 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 proposal on the configuration of the 2-step RACH procedure, 
Proposal 8: 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 9: The power control in 2-step RACH should consider a separate 2-step power ramping, power offset between the MsgA preamble and the data transmission and the fall back to 4-step.
Proposal 10: For the initial transmission, the power of MsgA PUSCH part relative to the power of the MsgA PRACH is given by:

Proposal 11: 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 12: 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 , which is broadcast in the SIB.
Proposal 13: 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.
Proposal 14: The NW should support the configuration of separate configuration for 2-step and 4-step RACH preamble power control. When the 2-step RACH preamble power control configuration is not available, the UE should assume the 4-step preamble power control configuration as the default.
Proposal 15: The offset between MsgA PRACH Tx and MsgA PUSCH Tx should have a dedicated 2-step configuration.
Proposal 16: The 2-step should reuse the deltaMCS configured for 4-step.
Proposal 17: The 2-step pathloss compensation alpha should be configured separately from the 4-step one.
Proposal 18: The 2-step total power ramp-up requested by higher layers for MsgA PUSCH Tx, should be from the first to the latest random access MsgA preamble transmission (Prampuprequested).
Proposal 19: The offset between MsgA PRACH Tx power and MsgA PUSCH Tx power should be computed in the same way, regardless if it is the initial MsgA transmission or a subsequent power ramping attempt.
Proposal 20: The transmission power reduction of MsgA PUSCH has the same priority as the associated MsgA PRACH.
Proposal 21: The power control offset between MsgA PRACH and MsgA PUSCH is decoupled from the preamble index selected by the UE. 
Proposal 22: The network should be able to configure the ability of the UE using the same or different UL Tx beams for MsgA PRACH and PUSCH. 
Proposal 23: The UE should be allowed to transmit the same payload for MsgA PUSCH across different retransmission attempts within the same power ramping session.
Proposal 24: RAN 2 should comment on the possibility of the UE being able to change the MsgA PUSCH payload across retransmissions, in order to enable the transmission of updated time sensitive information.
Observation 8: SSB and SIB1 are suitable RS that are applicable to UEs in all RRC states.
Proposal 25: Evaluate if MsgA PUSCH should be also be fully path loss compensated.
Observation 9: In case of 4-step fallback with direct transmission of Msg3, the UE does not have any additional information that can be used to select an alternative beam when transmitting Msg3.
Proposal 26: The power offset between Msg3 PUSCH and MsgA or Msg1 PRACH should be able to be configured differently from the MsgA PUSCH power offset to the MsgA PRACH. 
Proposal 27: Evaluate if there should be different configurations for the Msg 3 PUSCH power control in legacy 4-step and fallback 4-step.
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 28: 2-Step RACH supports beam refinement when receiving the data part of MsgA.
Proposal 29: 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.
Observation 12: MsgA PUSCH provides an opportunity for UL beam refinement for UEs, in all RRC states, attempting the 2-step RACH.
Observation 13: MsgA PUSCH can have the same or different multiple DMRS ports configured, each transmitted with a different QCL.
Proposal 30: Introduce multiple beam formed reference symbols for the refining beam management operation in the UL.
Proposal 31: The NW should be able to configure if the UE uses the same or different beams for MsgA PRACH and MsgA PUSCH.
We have the following observation and proposal on the fall back to 4-step RACH, 
Observation 14: 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 32: 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 [11]
Proposal 1
· Fall-back to 4-step RACH is supported when gNB detects PRACH preamble but fails to decode PUSCH in MsgA for 2-step RACH. 
· Indication in MAC layer can be used to indicate fall-back to 4-step RACH.
Proposal 2
· For transmission power of MsgA PRACH in 2-step RACH
· Power control parameters of MsgA PRACH preamble follow that of 4-step RACH preamble.
Proposal 3
· For transmission power of MsgA PUSCH in 2-step RACH
· Power control mechanism of MsgA PUSCH follows that of Msg3 PUSCH with the exception that 
·  is configured by higher layer. 
· Power control parameters of MsgA PUSCH follow that of Msg3 PUSCH in 4-step RACH.
· MsgA PUSCH has same priority as associated PRACH for transmission power reduction.  
Proposal 4
· MsgA retransmission for 2-step RACH is supported.
· Same payload is used for MsgA PUSCH during retransmission. 
Proposal 5
· UCI on MsgA PUSCH is supported.
· FFS the UCI content. 
Proposal 6
· Msg2 and Msg4 in MsgB are scheduled in separate PDSCHs for 2-step RACH. 

Proposals and Observations from [12]
Proposal 1: UL grant should not be contained in MsgB.
Proposal 2: RAN1 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 3: RNTI for MsgB should be different from RA-RNTI.
· RNTI can be used for recognition of RAR or MsgB
· The detailed design of RNTI for MsgB is up to RAN2.
Proposal 4: MsgA retransmission with power ramping should be supported in a case that neither RAR nor MsgB is received.
Proposal 5: Mechanism to limit retransmissions of MsgA and fallback to 4-step RACH should be considered.
· Retransmission counter or failure timer are options for the mechanism.
Proposal 6: Power ramping counter for preamble should be inherited from 2-step RACH to 4-step RACH in the case of fallback.
Proposal 7: For idle mode and inactive mode UE, the MsgA PRACH and MsgA PUSCH should use same or different Tx spatial filter (beam) up to UE implementation.

Proposals and Observations from [13]
Proposal 1: Further study beam refinement for PUSCH transmission in msgA.
Proposal 2: Modified Rel. 15 RA-RNTI scrambling ID is supported. 

Proposals and Observations from [14]
Msg.A
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: UE differentiation based on preamble or UCI is necessary in order to make HARQ combining between beneficial.

Two-step RACH procedure and Msg.B contents
Proposal 3: 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.

TA
Observation 6: On the granularity of the TA command, either option (based on the subcarrier spacing of Msg.A PUSCH or based on the subcarrier spacing of UL BWP) can work.

Proposals and Observations from [15]
Proposal 1: a RSRP_threshold of SSB is provided to UE to select whether to initiate 2step RACH or 4step RACH.
Proposal 2: the granularity of the TA command in msgB is determined by the same table for the granularity of the TA command in 4step RACH RAR with the subcarrier spacing (kHz) value is based on the UL BWP SCS.
Proposal 3: The corresponding power control parameter of 2-step RACH preamble follows that of 4-step RACH preamble.
Proposal 4: The PREAMBLE_ Msg3 in NR Rel-15 relative to the preamble received target power should be supported.
Proposal 5: Total power ramp-up requested by higher layers for MsgA PUSCH Tx is from the first to the current random access MsgA preamble transmission (Prampuprequested).
Proposal 6: msg.A preamble and PUSCH follow the power reduction priority rule defined for preamble and PUSCH transmission in Rel-15 in CA/DC , respectively. 
Proposal 7: The MsgA PRACH and MsgA PUSCH use the same Tx spatial filter (beam).
Proposal 8: MsgA PUSCH payload can be different in a msgA re-transmission. 
Proposal 9: the traditional UCI should not be supported in the msgA PUSCH and whether to support a UCI carrying the MCS indication should be carefully studied.
Proposal 10: UE should start monitoring msgB from gNB after a certain gap from the end of PUSCH transmission in msgA.
Proposal 11: Detecting a PDCCH with CRC scrambled by C-RNTI could be used for contention resolution in 2step RACH.
Proposal 12: Contention resolution ID could be contained in the msgB.
Proposal 13: 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 14: Fallback to 4step RACH procedure when 2step RACH failure exceeds a preconfigured value should be supported.

Proposals and Observations from [16]
Proposal 1: Support Option 2 - The corresponding power control parameter of 2-step RACH preamble follows that of 4-step RACH preamble.
Proposal 2: For msgA PUSCH power control, the following are recommended:
· Option 1.3 for offset relative to the preamble received target power
· An offset relative to the MsgA PRACH Tx power for the MsgA PUSCH Tx power
· Option 2.2 for MsgA PUSCH Transport format (ΔTF)
· Option 4.3 for pathloss compensation.
Proposal 3:  For MsgA retransmission, if supported,  recommend Option 2: MsgA PUSCH payload can be different.

Proposals and Observations from [17]
Proposal 1: 2-Step RACH should support both option 1 and 2.

Proposal 2: Select option 1: to allow for both a separate and the same configuration for 2-step and 4-step RACH power control parameters.

Proposal 3: If the network has received the MsgA PRACH part and has not successful decoded MsgA PUSCH part then,
Retransmission of MsgA PUSCH should be indicated by gNB by sending a 
Opt1: UL Grant 
Opt2: RAR
gNB shall be able to combine retransmissions of the MsgA PUSCH part 

Proposals and Observations from [18]
Proposal 1	When 2-step ROs are separately configured, it should be discussed whether legacy 4-step PRACH configuration tables, or a set of extended PRACH configuration tables, or a set of separately configured PRACH configuration tables are used for the time domain 2-step RO configuration.
Proposal 2	When 2-step ROs are shared with 4-step ROs, it should be further studied whether all the 4-step ROs are shared by 2-step RA or a subset of the 4-step ROs can be configured to be shared by 2-step RA.
Proposal 3	When the 2-step ROs and 4-step ROs are shared, the PRACH occasions for 2-step RA in frequency domain is the same as 4-step RO
Proposal 4	When the 2-step ROs and 4-step ROs are separately configured, the PRACH occasions for 2-step RA in frequency domain can be either separately configured or predetermined relative to the 4-step RO, and when 2-step RO and 4-step RO are TDMed, they can be the same.
Proposal 5	The invalidation rules used for 4-step RO are also valid for 2-step RO
Proposal 6	When separate ROs are configured for 2-step and 4-step RACH, the 2-step ROs overlapping with 4-step ROs are blocked, and only 4-step RA is allowed on the overlapped 4-step ROs.
Proposal 7	When 2-step ROs are separate from 4-step ROs, the preamble configuration and the SSB to preamble mapping for 2- and 4-step RA can be the same or can be separately configured.
Proposal 8	A set of the preambles to be used for 2-step RA and how they’re mapped to SSBs should be determined considering both the signaling overhead and the effect on the preamble usage by R15 UEs.
Proposal 9	Option 1 is applied for the power control of the msgA preamble.
Proposal 10	Further discuss and down-select the options for the power control parameter configurations.
Proposal 11	Option 2 is selected regarding the TX beam of the uplink transmissions in 2-step RA.

Proposals and Observations from [19]
Observation1: HARQ mechanism for the initial transmission and retransmissions of PUSCH can improve the PUSCH transmission reliability.
Proposal1: It is suggested to apply HARQ mechanism to the PUSCH transmission and set the RNTI generated with the position of RO and preamble ID associated with previous PUSCH for the retransmission of PUSCH in case of success preamble detection and failed PUSCH detection in a MsgA.

Observation2: As for the content of Msg2-like MsgB, it encounters the problem of whether the Msg2-like MsgB can be combined with the Msg2 in 4-step RACH as one MAC PDU, and the problem of whether design a new subPDU format to support the retransmission of whole MsgA or PUSCH only.
Proposal2: FFS the problem of whether the Msg2-like MsgB can be combined with the Msg2 in 4-step RACH as one MAC PDU, and the problem of whether design a new subPDU format to support the retransmission of whole MsgA or PUSCH only.

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.

Observation4: The configured maximum transmission time for MsgA if it exists shall be no greater than the configured maximum transmission time of preamble in the conventional 4-step RACH. Otherwise the fallback from 2-step RACH o 4-step RACH is meaningless.
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. And the maximum transmission time shall be no greater than the configured maximum transmission time of preamble in the conventional 4-step RACH.

Observation5: In the case that gNB shall respond more than one MsgBs to different UE groups in separate DL grants, the gNB shall determine the priority of the MsgB responses.
Propsal5: It is suggested to FFS the details on how to determine the priority of the MsgB responses at gNB side.

Proposals and Observations from [20]
Proposal 1: Support including HARQ-ACK feedback information of MsgA PUSCH in MsgB for contention resolution in 2-step RACH. 
Proposal 2: Power control parameter of 2-step RACH preamble follows that of 4-step RACH preamble.
Proposal 3: Reset the closed-loop power adjustment state (for loop index l=0), whenever MsgA is transmitted.
Proposal 4: The initial value f(0) for the closed-loop power adjustment state (for l=0) for MsgA PUSCH is based on the total power ramp-up requested by higher layers from the first to the latest random access preamble transmission.

Proposals and Observations from [21]
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, MAC CE 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. 
· [bookmark: _Hlk7808667]Preamble partitioning and/or UCI can be used to indicate the MCS and resource allocation of msgA payload. When UCI is supported, rate matching of msgA payload needs to be specified.
Proposal 2:  The following designs for RO and PO should be supported:
· multiple POs can be configured per PO configuration 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 3: 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 4: 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 transmission;
· power control parameters specified for msg1 in NR Rel-15 can be re-used for msgA preamble;
· 
in determining the value of,  a network configured offset  can be applied on top of ; 
· the PUSCH bandwidth dependent power control offset in NR Rel-15 should be re-used;
· the PUSCH transport-format dependent power control offset in NR Rel-15 should be re-used;
· partial pathloss compensation should be supported and configured by network;
· PUSCH-PathlossReferenceRS-Id can re-use NR Rel-15 design; additional RS resources, such as DMRS/SIB and PRS, can also be configured to improve the accuracy of pathloss measurements;
· when UE capability supports DC/CA, TX power allocation rules should be specified across multiple carriers;
· when msgA retransmissions are associated with beam switching, power ramping procedures should be considered jointly with beam switching procedures. 

Proposal 5: Both fall-back and re-attempt should be supported in two-step RACH. RACH type selection can be supported at the beginning of a RACH procedure, or after the number of re-attempts for  two-step RACH goes beyond the maximum value configured by the network.
· Two-step RACH can fall-back to four-step RACH, when the msgA preamble detection is successful but the msgA payload decoding fails. To trigger fall-back to four-step RACH, gNB needs to send the RAR in msgB, which includes at least the RAPID, the timing advance command and the UL grant of the fall-back UE. 
· msgA can be re-transmitted if the UE does not receive a msgB (RAR or contention resolution) within the RAR window, and the counter of msgA retransmissions has not reached its maximum value configured by the network. When msgA is re-transmitted, the UE will transmit both preamble and payload. Both the preamble and payload can be different from the last transmission of msgA.
Proposal 6: 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 7: Allow configuration of POs with slot-repetition, and allow different repeated slots to use different transmit beams.

Proposal 8: Allow UCI reporting in msgA.

Proposals and Observations from [22]
Proposal 1: The maximum number of msgA retransmission is configured for 2-step RACH if the msgA retransmission is supported.
Proposal 2: 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 do msgA retransmission or try 4-step RACH.
Proposal 3: A gNB orders fallback from 2-step RACH to 4-step RACH to a UE which transmitted preamble if the gNB fails in decoding of associated PUSCH in spite of success in detection of the preamble.
Proposal 4: A UE supporting 2-step RACH procedure supports feature of fallback from 2-step RACH to 4-step RACH.
Proposal 5: Power control parameters for preamble can be separately configured for 2-step and 4-step RACH.
Proposal 6: Ramp-up step sizes of preamble and associated PUSCH in 2-step RACH are configured independently from each other.
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discussed the type of UCI that can multiplexed in the MsgA PUSCH transmission. These are 


summarized in the table below.


 




1     3GPP TSG  RAN WG1  # 97   R1 - 190 7838   Reno ,  USA ,  May   13 th   –   1 7 th ,   2019     Agenda item:     7.2.1 .2   Source:     Nokia ,  Nokia   Shanghai Bell   Title:     Feature lead summary#2 on 2 step RACH procedures   Document  for:     Discussion   and Decision   1   Introduction   There are 22 contributions + 1 related contribution in the other agenda submitted to this agenda item with a  total of 202 proposals and 40 observations. The topics covered include   1.   MsgA design   2.   MsgB design   3.   2 - step  RACH configuration   4.   2 - step RACH power control   5.   Fallback to 4 - step RACH   6.   2 - step RACH beam operations     2   MsgA Design   2.1   MsgA Preamble format   Some companies addressed the issue of which preamble formats to support for the 2 - step RACH procedure:   -   All NR preamble formats are supported for two - step RACH  [4] ,  [21] .     Offline  Agreement  2.1.1   MsgA shall support all the preamble formats specified for NR release 15.  

Company  Comment on offline proposal 2.1.1  

Nokia  Support  

Pana sonic  S upport  

Sony  Support  

  

  2.2   UCI in MsgA PUSCH     Several contributions  discussed the type of UCI that can multiplexed in the MsgA PUSCH transmission. These are  summarized in the table below.  

