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Introduction
There are 24 contributions submitted to this agenda item with a total of 220 proposals and 53 observations + related proposals in the channel structure agenda item. 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

Updated during the offline discussion on the morning of Wednesday August 28th, 2019 in R1-1909668.
Updated during the off-offline discussion on the afternoon of Wednesday August 28th, 2019 in R1-1909726.
Updated during the offline discussion on the afternoon of Thursday August 29th, 2019 in R1-1909775.
MsgA Design
MsgA Retransmission
In RAN1#96bis [35], the following agreement was reached with open points related to MsgA retransmissions.

· MsgA retransmission, if supported, is defined as a retransmission of MsgA PRACH (with a re-selection of preamble) and MsgA PUSCH. Further study at the following options:
· Option 1: Using the same payload for MsgA PUSCH.
· Option 2: MsgA PUSCH payload can be different.
· FFS: Conditions for MsgA retransmission and relation to fall back.
· FFS: retransmission of PUSCH only.
· FFS: retransmission of PRACH only.

Furthermore, in RAN2#106 [38], the following agreement was reached:

2. From RAN2 perspective, for msgA retransmission (i.e. preamble and PUSCH) we assume that the UE retries on 2-step RACH  

Several companies addressed this topic in their contributions. This is an overview of the points presented:
· The UE is allowed to retransmit the same payload for MsgA PUSCH across different retransmission attempts: [7]
· Same payload size for MsgA PUSCH retransmissions and fallback: [9]
· Support HARQ combining/mechanisms of MsgA transmissions [13], [23].
· Support msgA PUSCH retransmissions/reattempts without HARQ combining: [17]

Offline proposal 2.1.1
Support MsgA PUSCH retransmissions without HARQ combining.

	Company
	Comments on offline proposal 2.1.1

	Nokia
	MsgA retransmission (which includes retransmission of MsgA PRACH and MsgA PUSCH) is supported when UE receives no response from the gNB indicating that it has detected/received MsgA. Supporting HARQ combining of MsgA retransmissions significantly increasing the complexity and buffering requirements at the gNB.

	
	

	
	



MsgA Content
In [16], it proposed that the following information can be carried by MsgA:
· UE ID
· MAC CE for BFR
· BSR
· Beam reporting
· UE requested CSI-RS with repetition=on as well as number of CSI-RS resources

Feature lead comment: MsgA content is handled by RAN2.

[bookmark: _Hlk17319874]Frequency hopping for MsgA PUSCH
[Intra-slot] frequency hopping supported: [17], [21]
Separately configured from Msg3 frequency hopping: [17]
Feature lead comment: To be discussed in the 2-step RACH channel structure agenda item.

Slot repetition for MsgA PUSCH
Supported: [21]
Not supported: [7]
Feature lead comment: To be discussed in the 2-step RACH channel structure agenda item.

MCS Tables and MCS Index for MsgA PUSCH
In [17]: 
· A range of lower MCS index values in low spectra efficiency MCS table should be supported for msgA PUSCH. The actual MCS index values and MCS table can be either fixed or separately configured in system information.
· MCS value for the msgA PUSCH transmissions can be one fixed value, implicitly indicated by PRU definition from a set of MCS values only defined or from the set of MCS values selected based on the link quality from a multiple sets of MCS values.
In [20], it is proposed that MsgA should use pre-configured MCS based on reference payload size and preconfigured time-frequency resources.

[bookmark: _Hlk17275432]Feature lead comment: To be discussed in the 2-step RACH channel structure agenda item.

PUSCH Occasion Configuration
Support POs with different Waveforms, payload size, MCS: [21]
Feature lead comment: To be discussed in the 2-step RACH channel structure agenda item.

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
	[9] (by configuration)

	CSI/HARQ-ACK not include
	[8]

	Control Info to assist in decoding PUSCH
	[8] (Carefully study) [9] [13]

	Allow UCI multiplexing in MsgA
	[21]




Point of discussion 2.7.1
· 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 2.7.1

	Nokia
	Control information to assist in decoding the PUSCH transmission if there are more than 2 MsgA PUSCH configurations. With up to 2 configurations preambles can be used to indicate the MsgA PUSCH configuration.

	
	

	
	




MsgA PUSCH timing control
In [7], 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 2.8.1
Company views on UE-assisted timing adjustment
Company view on gNB assisted timing adjustment

	Company
	Comments on point of discussion 2.8.1

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

	
	

	
	



MsgB Design
MsgB content and types
In [1], it is proposed that for SuccessRAR, the following fields can be included contention resolution ID, RRC messages, PUCCH resource indication, TA command, C-RNTI, and UL grant.
UL Grant in MsgB:
· In [7], successRAR doesn’t include UL grant field.
· In [14], it is proposed to reuse MCS field in UL grant to indicate the retransmission RV of PUSCH.
· In [23], it is suggested, in case of non-adaptive HARQ retransmissions not to include the UL grant in the fallbackRAR.
Timing advanced command in MsgB:
· In [20], timing advance command should be supported in MsgB.
Contention resolution in MsgB:
· In [18], it is proposed to support extended MsgB with the contention resolution ID.
· In [20], contention resolution information should be considered in MsgB. 
Prioritization of multiple MsgB transmissions:
· In [23], 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. 
Feature lead comment: The content and prioritization of MsgB can be left for RAN2 discussion. It has already been agreed that in RAN2#106 to include the TA command and the contention resolution ID in MsgB.

9. Proposal 10: The following fields can be included in the successRAR when CCCH message is included in msgA.
a. Contention resolution ID
b. C-RNTI
c. TA command
10. …
11. FallbackRAR should contain the following fields
a. RAPID
b. UL grant (to retransmit the msgA payload).  FFS on restrictions on the grant and UE behavior if different grant and rebuilding 
c. TC-RNTI
d. TA command


Transmission of MsgB and combining with Msg2
In RAN2#106 [38], RAN2 agreed that the response to MsgA can include; successRAR, fallbackRAR and Backoff Indication.
8. Network response to msgA (i.e. msgB/msg2) can include the following: 
a. SuccessRAR 
b. FallbackRAR
c. Backoff Indication


Several contributions discussed whether successRAR, fallbackRAR and Msg2 RAR can be sent in the same or different PDSCH channels:
· In [6], [7], [23], it is suggested that SuccessRAR and FallbackRAR are combined in the same PDSCH.
· In [7], it is suggested that the FallbackRAR and Msg2 RAR are not combined in the same PDSCH.

Feature lead comment: It is proposed that this topic is left for RAN2 discussions.

Several contributions discussed the differentiation of 2-step RACH MsgB and 4-step RACH RAR
· In [3], it is proposed that separate CORESET/SS for msgB should be considered to distinguish msgB from legacy msg2.
· In [9], it is proposed that reserved bit in DCI can be used to differentiate RAR for 4-step and MsgB for 2-step RACH.
· In [14], it is proposed that the RAR MAC sub-header for fallback and 4-step RACH is the same.
· In [14], it is proposed to consider RNTI, reserved bits in DCI, or MAC subheader/payload to indicate the type of RAR. Using reserve bit in DCI and MAC RAR as the indicator has higher priority.
· In [20], it is proposed that the MAC structure is used to differentiate successRAR and fallbackRAR.
· In [24], it is discussed to use,
· New RA-RNTI for msgB (prefered)
· Separate CORESET for 2-step RACH and 4-step RACH
· Reinterpretation of reserved field in DCI format 1_0 for scheduling RAR. It is argued that using a reserved bit in the DCI to indicate Msg2 or MsgB will not be backward compatible with release 15 UEs.
· Explicit/implicit indication in MAC layer for msgB or msg2 multiplexed in one PDSCH

Point of Discussion 3.2.1
How to differentiate 2-step RACH MsgB and 4-step RACH RAR. This can be based on:
· New RNTI for MsgB
· Reserved bits in DCI
· MAC PDU/MAC subheader
· CORESET
· Search Space
· Others

	Company
	Comments on point of discussion 3.2.1

	
	

	
	

	
	



HARQ-Operation for MsgB
In RAN2#106, the following agreement was reached:7. 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

In contention-based 4-step RACH, after the UE successfully receives Msg4 (the contention resolution message) and verifies the contention resolution ID, it sends a HARQ-ACK on a PUCCH resource. If the gNB doesn’t receive a HARQ-ACK for Msg4, it retransmits Msg4.
Support of HARQ for MsgB has been discussed in several contributions.
· In [1], it is proposed that for SuccessRAR, the PUCCH resource for HARQ-ACK can be indicated in either PDCCH or PDSCH
· In [3], it is proposed that the PUCCH resource for the HARQ-ACK feedback of MsgB is determined by the C-RNTI in the successRAR in addition to the CCE information and DCI of msgB.
· In [7], 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. Study methods to uniquely determines the PUCCH resource for HARQ-ACK feedback.
· In [12], support HARQ for MsgB containing at least a single UE.
· In [13], it is proposed that:
· MsgB containing RRC messages can be HARQ combined and is to a single UE.
· Specify mechanism to identify the HARQ-ACK PUCCH resource when multiple UEs are multiplexed in MsgB.
· In [18], it is proposed to include the HARQ-ACK feedback in MsgB for contention resolution in 2-step RACH.
· In [21], [23], it is proposed to further study how to configure the PUCCH resource for MsgB HARQ-AC feedback.
Further study HARQ-ACK options in response to MsgB for users in IDLE/INACTIVE Mode, and when MsgB contains at least a SuccessRAR including:
· Option 1: No HARQ-ACK response for MsgB when containing SuccessRAR.
· Option 2: HARQ-ACK response is supported for MsgB when MsgB only contains the successRAR of one UE
· If MsgB contains the successRAR of more than one UE there is no HARQ-ACK response for MsgB
· FFS: If MsgB contains a successRAR for one UE only and fallback for other UEs.
· Option 3: HARQ-ACK response is supported for MsgB when MsgB contains the successRAR of one or multiple UEs
· FFS: HARQ-ACK response can include:
· Alt 1: ACK only
· Alt 2: ACK or NACK.


Offline Proposal 3.3.1
· After receiving MsgB containing a successRAR with a matching contention resolution ID, the UE acknowledges the reception of MsgB to the network.
· FFS: PUCCH resource configuration for UE to acknowledge MsgB reception.
· HARQ retransmission is supported for MsgB containing the successRAR of one or more UEs.
· FFS: content of MsgB retransmission

	Company
	Comments on offline proposal 3.3.1

	
	

	
	

	
	



[bookmark: _GoBack]Point of discussion 3.3.2
If HARQ operation for MsgB is supported, how to indicate the PUCCH resource used for HARQ-ACK feedback when MsgB contains the successRAR of multiple UEs?
· Option 1: Explicit PUCCH resource signaling in the DCI based:
· DCI start CCE
· First UE: PRI and PDSCH-to-HARQ_feedback timing indicator in PDCCH
· Other UEs: UE PRI and/or PDSCH-to-HARQ_feedback timing indicator in PDSCH
· Option 2: Explicit PUCCH resource signaling in the MsgB PDSCH based on:
· DCI start CCE
· First UE: PRI and PDSCH-to-HARQ_feedback timing indicator in PDCCH
· Other UEs: UE PRI and/or PDSCH-to-HARQ_feedback timing indicator in PDSCH
· Option 3: Implicit PUCCH resource signaling based on:
· DCI start CCE
· First UE: PRI and PDSCH-to-HARQ_feedback timing indicator in PDCCH
· Other UEs implicit derivation based on position of UE within MAC PDU.



	Company
	Comments on point of discussion 3.3.2

	
	

	
	

	
	



RNTI design for MsgB
Several companies discussed aspects of RNTI design. 
· In [1], it is proposed that RA-RNTI, C-RNTI and TC-RNTI can be considered to scramble the PDCCH for scheduling MsgB in 2-step RACH. Where the TC-RNTI can be generated with the corresponding contention resolution ID and/or preamble index
· In [2], [4], [15], [24] it is proposed that MsgB-RNTI(s) is different (enhaced) from RA-RNTI.
· In [4], it is proposed that:
· If fallbackRAR and successRAR are multiplexed within one MAC PDU (msgB), it should be supported that msgB-RNTI is used for msgB.
· If fallbackRAR and successRAR are within different MAC PDUs, it should be supported that msgB-RNTI is used for successRAR and msgB-RNTI-2 is used for fallbackRAR.
· msgB-RNTI(s) should be obtained by adding offset(s) onto a basic 2-step RACH RA-RNTI. Whether offset(s) is fixed or configurable is FFS.
· In [12], it is proposed that
· The SuccessRAR uses a new RNTI for 2-step RACH that is derived based on time/frequency resources and DMRS port/sequence of the PUSCH Resource unit.
· Fallback and backoff indication uses RA-RNTI
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:
· In [3], it is proposed that separate CORESET/SS for msgB should be considered to distinguish msgB from legacy msg2.
· In [7], [12], it is proposed to use the Type1-PDCCH CSS if no CSS is configured for 2-step RACH
· In [7], [12], it is proposed to use the 4-step RACH CORESET if no CORESET is configured for 2-step RACH.
· In [7], [12], it is proposed that for UEs in connected mode and for the SuccessRAR to use Type1-PDCCH CSS or USS.


Offline Proposal 3.5.1
Users in CONNECTED state use UE specific search space, or common search space to receive the PDCCH associated with the SuccessRAR.

	Company
	Comments on offline proposal 3.5.1

	
	

	
	

	
	




Offline Proposal 3.5.2
For the PDCCH associated with the successRAR of users in the IDLE/INACTIVE states down select from the following options:
· Option 1: PDCCH is received on a new common search space for 2-step RACH, if search space is not configured, PDCCH is received on the Type1-PDCCH CSS.
· Option 2: successRAR is received on the Type1-PDCCH CSS

	Company
	Comments on offline proposal 3.5.2

	
	

	
	

	
	




Offline Proposal 3.5.3
For the PDCCH associated with the fallbackRAR down select from the following options:
· [bookmark: _Hlk17285267]Option 1: PDCCH is received on a new common search space for 2-step RACH, if search space is not configured, PDCCH is received on the Type1-PDCCH CSS.
· Option 2: PDCCH is received on the Type1-PDCCH CSS.
 
	Company
	Comments on offline proposal 3.5.3

	
	

	
	

	
	




Offline Proposal 3.5.4
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.
· Option 3: For successRAR of users in CONNECTED mode, 2-step RACH uses the CORESET associated with the USS or CSS used to receive the corresponding PDCCH.
· 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 depending on type of MsgB (successRAR or fallbackRAR

	Company
	Comments on offline proposal 3.5.2

	
	

	
	

	
	



RA response window
Starting position of RA window:
[bookmark: _Hlk16853415]In RAN2#106 [38], the following agreement was reached:
12. 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).
13. The UE will monitor for response message using the single msgB agreed window

[bookmark: _Hlk17098678]In [1], [3], [7], [14], [19], it is proposed that the MsgB monitoring window shall start at the first PDCCH opportunity (e.g.at least one symbol) after PUSCH payload of MsgA.
In [2], [15], it is proposed that the MsgB monitoring window shall start at the first PDCCH opportunity after a predefined offset from MsgA PUSCH.
In [21], it is proposed that the starting point of the RAR window should be specified with respect to the completion of a msgA payload transmission/retransmission.
In [20], it is proposed that there is a unified MsgB/Msg2 window that starts from the first symbol of the earliest monitoring occasion after the MsgA.

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 on, and at least one symbol after the last symbol of MsgA PUSCH.

	Company
	Comments on offline proposal 3.6.1

	
	

	
	

	
	



Size of RA window:
In [1], the following options for the MsgB reception window are suggested:
· 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
In [3], it is proposed that the mechanism used to extend the RAR window size for NR-U is reused for 2-step RACH.
In [15], it is proposed that the 2-step RACH window is configurable. If absent, use the 4-step RACH window size.
Feature lead comment: 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.
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 granularity of the TA:
· The granularity of the TA command in MsgB is based on the SCS of the UL BWP: [8]
· The granularity of the TA command in MsgB is based on the SCS of the MsgA PUSCH: [7]
· Either option is fine: [13]
· First uplink transmission after MsgB (this can include Msg3 fallback but doesn’t include MsgA PUSCH): [19].

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

	
	

	
	

	
	



2-Step RACH Configuration
RA Procedure Selection
According to RAN2#106 agreements [38], FFS if radio quality is used for 2-step RACH selection. From RAN2 discussion, whether the radio quality is needed for 2-step RACH selection criterion should be decided in RAN1. 
	1. 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. 
1. From RAN2 perspective, for msgA retransmission (i.e. preamble and PUSCH) we assume that the UE retries on 2-step RACH.



Several contributions discussed whether the RA procedure selection depends on the radio quality (open point from RAN2#106). Criteria whether to select 2-step RACH or 4-step RACH.
· Use an RSRP threshold for 2-step RACH selection: [3], [6], [8], [19], [20] (in case of limited 2-step RACH capacity).
· Channel/radio quality base criterion for the RACH type selection: [9], [13], [19]
· Use unlicensed carrier channel occupancy for 2-step RACH selection: [6].
· If the MsgA PUSCH Tx power exceeds a configured threshold use 4-step RACH: [7].
· In [1] it is proposed that RACH type selection is left for UE implementation and that RACH type selection can be triggered during either the initialization of RACH procedure or RACH resource selection.
· In [2] it is proposed the RACH type selection can be based on:
· A random value
· Number of RACH transmissions
· UE implementation
· In [3], it is argued that either an RSRP-based on TargetReceivedPower-based criterion can be used and that they both serve a similar purpose. 
· In [21], it is proposed that RACH type selection can be based on link level measurements, system loading information and msgA RO/PO validations.

Offline Proposal 4.1.1
When a UE is configured with 4-step RACH and 2-step RACH procedures, during random access procedure initialization:
· One criteria for determination of initial random access procedure type can be based on 
SSB-RSRP threshold, 
· Other criteria are not precluded.
· Option 2: Up to UE implementation.
Note this does not preclude any further criteria being defined by RAN1 and RAN2. It is also up to RAN2 to decide whether a single RACH type is selected or both RACH can be selected.
Include this agreement in RAN2 LS.

Offline Agreement 4.1.1a
· If a single RACH type is to be triggered and when a UE is configured with 4-step RACH and 2-step RACH procedures, during random access procedure initialization:
· One criterion for determination of random access procedure type can be based on an SSB-based RSRP threshold.
· An SSB-based RSRP threshold can be optionally configured.
· If the threshold is configured, if and how the UE can decide on which RACH type to use when above the threshold. 
· FFS: Which SSB-based RSRP is used.
· This does not preclude any further criteria being defined by RAN1 and RAN2, including leaving the RACH type selection to UE implementation.
· It is up to RAN2 to decide whether a single RACH type is selected or both RACH types can be triggered.
Include this agreement in RAN2 LS.

	Company
	Comments on offline proposal 4.1.1

	
	

	
	

	
	



Sharing ROs between 2-step and 4-step RACH procedures
In RAN1#96bis [35], 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

The two main options discussed (based on the majority view) for configuration of 2-step RACH preambles in shared ROs are:
· As shown in Figure 1 (2-step RACH preambles are taken from the CFRA preambles)
· As shown in Figure 2 (2-step RACH preambles are taken from the other preambles). 



[bookmark: _Ref17358539][bookmark: _Hlk16853330]Figure 1: 2-step RACH preambles part of the 4-step RACH CFRA preambles. Figure from [3].



[bookmark: _Ref17358541]Figure 2: 2-step RACH preambles part of the other preambles. Figure from [3].

2-step RACH preambles are part of the CFRA preambles (after the 4-step CBRA preambles and before preambles actually used for CFRA): [1], [3], [7], [17], [23]
2-step RACH preambles are part of the preambles used for other purposes: [3] (preferred), [7], [17], [26] 
The preambles for 2-step RACH can be taken from contention-based preambles allocated for 4-step RACH: [27].
In [15] and [25], it is proposed that a subset of 4-step RACH ROs can be shared with 2-step RACH ROs.
In [17], it proposed, in the case of shared ROs, to study whether all the ROs of 4-step RACH are shared with 2-step RACH or only a subset of these ROs.
In [17], the 2-step RACH preambles are part of the CFRA preamble or preambles used for other purposes.
In [27], for shared ROs, most of the parameters in IE RACH-ConfigGeneric and RACH-ConfigCommon can be reused for 2-step and 4-step RACH, such as prach-ConfigurationIndex, msg1-FDM, msg1-FrequencyStart, zeroCorrelationZoneConfig, prach-RootSequenceIndex, msg1-SubcarrierSpacing, restrictedSetConfig, msg3-transformPrecoder.
In [11], [22], both shared ROs and separate ROs for 2-step RACH should be supported.
Feature lead note: Support of both separately configured ROs and shared ROs with separate preambles has already been agreed in RAN1#96-bis.
Offline Agreement 4.2.1
For shared ROs with 4-step RACH and 2-step RACH configured with separate preambles. 
· 2-step RACH preambles are allocated from the non-CBRA preambles associated with each SSB.

	Company
	Comments on offline proposal 4.2.1

	Nokia
	Both options can work. We slightly prefer option 1, as the contention-based preambles for 4-step RACH and 2-step RACH are contiguous.

	
	

	
	



Offline Agreement 4.2.2
For shared ROs with 4-step RACH and 2-step RACH configured with separate preambles:
· All 4-step RACH ROs can be shared with 2-step RACH.
· FFS: Whether only a subset of 4-step RACH ROs can be shared with 2-step RACH
· FFS: How to indicate the shared ROs.

	Company
	Comments on point of discussion 4.2.2

	Nokia
	We support option 1. All ROs are shared with 2-step RACH. Sharing only a subset of 4-step RACH ROs with 2-step RACH complicates the SSB-RO association.

	
	

	
	

	
	



2-step RACH preamble formats
Some contributions discussed the preamble format of 2-step RACH and its relation to the preamble format of 4-step RACH. It is clear that for the case of shared ROs with separate preambles, the preamble format and subcarrier spacing of 4-step RACH and 2-step RACH are the same. For separate ROs, the following proposals have been made:
· In [3], [25], it is proposed that the same preamble format is used for 2-step RACH and 4-step RACH with separate ROs.
· In [28], it is proposed that different preamble formats can be used for 2-step and 4-step RACH.

Point of discussion 4.3.1
For 4-step RACH and 2-step RACH with separately configured ROs can the preamble formats and subcarrier spacing of 4-step RACH and 2-step RACH be different, or should they be the same.
	Company
	Comments on point of discussion 4.3.1

	
	

	
	

	
	

	
	



2-step RACH time domain configurations
In case of 4-step RACH, the time domain PRACH Occasions are determined by the higher layer parameter prach-ConfigurationIndex, which points to a row in one the PRACH configuration tables (Table 6.3.3.2-2/3/4 of TS 38.211). This determines the frame and subframe of the PRACH slots and the symbols within a PRACH slot used for the PRACH occasions.
Several contributions discussed the PRACH configuration tables and the time domain resources for 2-step RACH. This is a summary of the points discussed:
In [1], [3], [7], [15], [23], [25], [27], [28], it is proposed that the same PRACH configuration Tables are used for 2-step RACH and 4-step RACH with a different configuration index for separate ROs.
In [17], it is suggested to further study the following PRACH configuration table options for 2-step RACH:
· Same tables as 4-step RACH
· Extend the 4-step RACH configuration tables
· New PRACH configuration tables for 2-step RACH.
In [26], it is proposed to allow new PRACH configuration such that the OFDM symbols within a first half of a RACH slot are used as RO allowing POs in the second half of the slot as shown in the figure below.
[image: ]
In [27], it is discussed whether to introduce new PRACH configurations to enable symbol-level multiplexing between RO and PO of MsgA. There are two issues with this approach: the first issue is more Gp symbols shall be kept between each RO-PO pair and the potential generation of ‘orphan’ symbols in the end of each RACH/PUSCH slot. The second issue is for UEs choosing a later RO, extra access delay would be incurred comparing to legacy pattern. It is concluded that the PRACH resource design for 2-step PRACH should prioritize reusing PRACH configuration table defined in Rel-15.
In [7] and [28], it is proposed to use different PRACH configuration index for 2-step RACH and 4-step RACH when the ROs are separately configured.
In [15] and [23] it is proposed that prach-ConfigurationIndex can be separately configured for 2-step RACH ROs.
In [25] and [27] it is suggested to use the same prach-ConfigurationIndex for separately configure 2-step RACH ROs and to FDM the ROs of 2-step RACH and 4-step RACH. In [25], for the starting position in the frequency domain, there are two options:
· Configured as an RB index
· A frequency offset from the end of 4-step RACH allocation
In [15], it is proposed to further study the maximum time gap between MsgA PRACH and MsgA PUSCH.
Feature lead comment: The time separation between MsgA PRACH and MsgA PUSCH can be considered as part of the PUSCH structure in the 2-step RACH channel structure agenda item.
Offline Agreement 4.4.1
· 2-step RACH at least reuses the 4-step RACH configuration tables (Table 6.3.3.2-2/3/4 of TS 38.211).
· FFS: Whether in case of 4-step RACH and 2-step RACH with separately configured ROs, additional PRACH configurations for 2-step RACH are needed.
· In case of 4-step RACH and 2-step RACH with separately configured ROs, the network can configure a separate prach-ConfigurationIndex for 2-step RACH
· If the prach-ConfigurationIndex for 2-step RACH is not configured, 2-step RACH reuses the corresponding 4-step RACH parameter.
· FFS: Whether the preamble formats of 2-step RACH and 4-step RACH are the same or different.

	Company
	Comments on offline proposal 4.4.1

	
	

	
	

	
	




2-step RACH frequency domain configurations
In case of 4-step RACH, the frequency domain PRACH Occasions are determined by the higher layer parameters;
· [bookmark: _Hlk15995454]msg1-FrequencyStart, which determines the first PRB of the first PRACH Occasion.
· msg1-FDM, which determines the number of frequency division multiplexed PRACH Occasions.
Several contributions discussed the PRACH frequency domain configuration for 2-step RACH. This is a summary of the points discussed:
In [7], it is proposed that for separate ROs msg1-FrequencyStart and msg1-FDM can be separately configured
In [15], [23] it is proposed, that for 2-step RACH, msg1-FrequencyStart and msg1-FDM can be separately configured.
In [17], it is proposed for shared ROs, that msg1-FrequnencyStart and msg1-FDM are the same.
In [17], it is proposed for separately configured ROs, that PRACH frequency occasions can be:
· Separately configured from those of 4-step RACH
· Have a predetermined relative offset to 4-step RACH
· Are the same as those of 4-step RACH in case the ROs are TDMed.
In [28], it is proposed to use different FDM patterns for 2-step RACH and 4-step RACH when the ROs are separately configured.
Offline Agreements 4.5.1
In case of 4-step RACH and 2-step RACH with separately configured ROs, for the frequency domain location of the PRACH occasions of 2-step RACH,
· Network can configure separate msg1-FDM and msg1-FrequencyStart for the 2-step RACH ROs
· If any of these parameters is not configured for 2-step RACH, 2-step RACH reuses the corresponding 4-step RACH parameter.

	Company
	Comments on offline proposal 4.5.1

	
	

	
	

	
	



SSB to RO association for 2-step RACH
The SSB to RO association should be considered for 2 cases, when the ROs are separately configured for 4-step RACH and 2-step RACH, and when the ROs are shared for 4-step RACH and 2-step RACH with separate preambles. Several contributions discussed various aspects of the SSB to RO association:
· In [1] it is proposed that for separate ROs, there is separate association.
· In [3], it proposed to use the same RO association for 4-step RACH and 2-step RACH.
· In [7], for separately configured ROs, the network can configure separate parameters for SSB to RO association. For Shared ROs, 4-step and 2-step RACH follow the same SSB to RO association.
· In [17], it proposed that the parameters that configure the SSB to RO configuration can be the same or separately configured. 
· In [28], it is proposed that a msgA transmission occasion comprises a PRACH occasion (RO) and a set of PUSCH occasions (PO). The association between SSB and msgA occasion (SSB-to-msgA association) can be defined similar to SSB-to-RO association.
Offline Proposal 4.6.1
When the ROs are separately configured for 4-step RACH and 2-step RACH, the 2-step RACH ROs follow the same mechanism as 4-step RACH ROs for association with SSB.
· The number of SSBs-per-RO for 2-step RACH can be separately configured from that of 4-step RACH.
· If the number of SSBs-per-RO is not configured, the corresponding value from 4-step RACH is used.
· FFS: ssb-perRACH-OccasionAndCBPreamblesPerSSB.
	Company
	Comments on offline proposal 4.6.1

	
	

	
	

	
	



Offline Proposal 4.6.2
For shared ROs with 4-step RACH and 2-step RACH configured with separate preambles. The SSB-to-RO association pattern for 2-step RACH follows that of 4-step RACH.
	Company
	Comments on offline proposal 4.6.2

	
	

	
	

	
	

	
	



2-step RACH RO invalidation rules
In case of 4-step RACH, the RO validation rules are described in TS 38.213, section 8.1:


“For paired spectrum all PRACH occasions are valid. For unpaired spectrum, if a UE is not provided TDD-UL-DL-ConfigurationCommon, a PRACH occasion in a PRACH slot is valid if it does not precede a SS/PBCH block in the PRACH slot and starts at least  symbols after a last SS/PBCH block reception symbol, where  is provided in Table 8.1-2.
If a UE is provided TDD-UL-DL-ConfigurationCommon, a PRACH occasion in a PRACH slot is valid if 
-	it is within UL symbols, or 



-	it does not precede a SS/PBCH block in the PRACH slot and starts at least  symbols after a last downlink symbol and at least  symbols after a last SS/PBCH block transmission symbol, where  is provided in Table 8.1-2.”
Several contributions discussed the 2-step RACH RO invalidation rules. This is a summary of the points discussed:
In [17], it is proposed that the 4-step RACH invalidation rules are used for 2-step RACH.
In [17], it is proposed that in case of separately configured ROs, if 2-step RACH ROs overlap 4-step RACH ROs, the 2-step RACH ROs are blocked.
In [28], RO validation for msgA preamble should consider at least the time gap required before msgA preamble transmission and the causality rule between SSB/SIB reception and msgA preamble transmission.
Offline Agreement 4.7.1
· The rules for invalidating 2-step RACH ROs follow the same rules that are used for the invalidation of 4-step RACH ROs as described in section 8.1 of TS 38.213:
· FFS: For separately configured 2-step RACH and 4-step RACH ROs, if 2-step RACH ROs overlap with 4-step RACH ROs in time and frequency,
· Option 1:the 2-step RACH ROs become invalid.
· Option 2: This is not expected by UE.

	Company
	Comments on offline proposal 4.7.1

	
	

	
	

	
	



Power Control
Preamble power control parameters
In RAN1#96bis [35], 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.

In RAN1#97 [36], the following agreement was reached,Agreements:
· RACH preamble power control parameters include; powerRampingStep and preambleReceivedTargetPower.


Furthermore, it was discussed whether the RACH preamble power control parameters are separately configured or reuse the corresponding 4-step RACH preamble power control parameters. The following five options were considered during the offline discussion [39]:

Option 1:
· RACH preamble power control parameters include; powerRampingStep and preambleReceivedTargetPower.
· 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.
· For shared ROs between 2-step and 4-step RACH the same power control parameters are used.
Option 1a:
· RACH preamble power control parameters include; powerRampingStep and preambleReceivedTargetPower.
· The powerRampingStep can be separately configured for 2-step and 4-step RACH.
· If the powerRampingStep is not configured for 2-step RACH, the powerRampingStep of 4-step RACH is used instead for 2-step.
· FFS: The preambleReceivedTargetPower is the same or separately configured for 2-step and 4-step RACH.
· For shared ROs between 2-step and 4-step RACH the same power control parameters are used.


Option 2:
· RACH preamble power control parameters include; powerRampingStep and preambleReceivedTargetPower.
· The corresponding power control parameter of 2-step RACH preamble follows that of 4-step RACH preamble.

Option 3:
· 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.
· 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.

Option 3a:
· 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.
· For 2-step RACH, with separately configured ROs, the powerRampingStep can be separately configured for 2-step and 4-step RACH. 
· If the powerRampingStep is not configured for 2-step RACH, the powerRampingStep of 4-step RACH is used instead for 2-step.
· FFS: The preambleReceivedTargetPower is the same or separately configured for 2-step and 4-step RACH

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 parameters for 4-step RACH and 2-step RACH. On the other hand, some companies favor having different preamble power control parameters especially for separately configured ROs. The following views have been expressed by the companies contributing to this discussion:
preambleReceivedTargetPower:
· Same parameter for 2-step RACH and 4-step RACH: [2], [3], [8], [18].
· For shared ROs same parameters: [1], [7], [11]
· For separate ROs configure an offset between 2-step RACH and 4-step RACH: [1], [10]
· For separate ROs separate parameter for 2-step RACH and 4-step RACH: [7], [10], [11], [13], [17],
powerRampingStep:
· Same parameter for 2-step RACH and 4-step RACH: [2], [8], [18].
· Separate parameter for 2-step RACH: [10], [13], [20]
· For shared ROs same parameters: [1], [7], [11]
· For separate ROs configure an offset between 2-step RACH and 4-step RACH: [1], [10]
· [bookmark: _Hlk17307960]For separate ROs, separately configured parameter: [3], [7], [11], [17] 
In [10], it is proposed that a preambleReceivedTargetPower and powerRampingStep are configured for 2-step RACH. The UE initially uses the corresponding 4-step RACH parameters for 2-step RACH unit a certain number of transmissions is reached, then switches to the new parameters.

[bookmark: _Hlk8863472]Offline Proposal 5.1.1
For shared ROs with 4-step RACH and 2-step RACH configured with separate preambles. The powerRampingStep and preambleReceivedTargetPower for 2-step RACH are those of 4-step RACH.

In RAN1#98, discuss and agree on one for the following proposals (5.1.2a/5.1.2b).
Offline Proposal 5.1.2a
When the ROs are separately configured for 4-step RACH and 2-step RACH, the powerRampingStep for 2-step RACH and 4-step RACH can be separately configured.
· If the powerRampingStep for 2-step RACH is not configured, the corresponding 4-step RACH parameter is used for 2-step RACH.

Offline Proposal 5.1.2b
When the ROs are separately configured for 4-step RACH and 2-step RACH, the powerRampingStep for 2-step RACH is that of 4-step RACH.

	Company
	Comments on offline proposal 5.1.3a and 5.1.3b

	Nokia
	Support proposal 5.1.2a

	
	

	
	



In RAN1#98, discuss and agree on one for the following proposals (5.1.3a/5.1.23).
Offline Proposal 5.1.3a
When the ROs are separately configured for 4-step RACH and 2-step RACH, the preambleReceivedTargetPower for 2-step RACH and 4-step RACH can be separately configured.
· If the preambleReceivedTargetPower for 2-step RACH is not configured, the corresponding 4-step RACH parameter is used for 2-step RACH.

Offline Proposal 5.1.3b
When the ROs are separately configured for 4-step RACH and 2-step RACH, the preambleReceivedTargetPower for 2-step RACH is that of 4-step RACH.

	Company
	Comments on offline proposal 5.1.3a and 5.1.3b

	Nokia
	Support proposal 5.1.3a

	
	

	
	



MsgA PUSCH power offset
In RAN1#96-bis [35], the following agreement was reached
Furthermore, additional agreements where made in RAN1#97 [36] and [39]: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

During MsgA PUSCH retransmissions, the MsgA PUSCH Tx power in transmission instance  is , where

·  is an offset relative to the preamble received target power that could be configured for 2-step RACH. If the offset parameter is absent, the parameter delta_preamble_msg3 of 4-step RACH is used.
· [Working Assumption] The power component from the transport format  is determined based on the same mechanism and the same parameter deltaMCS of Rel-15 Msg3 for the current transmission instance.
· The power component from pathloss compensation, , is determined by an alpha parameter, which is UE specific 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.
· FFS: cell-specific MsgA PUSCH alpha.
· 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
· The power ramping component is given by;

· Where,  is the requested ramp up from higher layers
· Further study and down select from the following alternatives:
· Alt1: Same ramp up for MsgA PUSCH and MsgA PRACH
 
· FFS: same power ramping counters for 2-step RACH MsgA PRACH and 4-step RACH Msg1.
· Alt 2: Separate ramp up for MsgA PUSCH and MsgA PRACH, with different counters
 
· Alt3: Separate ramp up for MsgA PUSCH and MsgA PRACH, with the same counter
 

There is a typo in the agreement from RAN1#97, “max” should be changed to min as pointed out in [7], [17].
Offline Agreement 5.2.1
Correct typo in formula from RAN1#97

	Company
	Comments on offline proposal 5.2.1

	
	

	
	

	
	



In [21], the following proposal for power control has been made:
· OLPC should be applied for msgA preamble and payload transmission;
· power control parameters specified for msg1 in NR Rel-15 should be supported as the default configuration for msgA preamble;
· 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 can be supported and configured by network for msgA payload retransmission;
· PUSCH-PathlossReferenceRS-Id can re-use NR Rel-15 design as the default configuration for msgA payload; additional RS resources, such as DMRS/SIB and PRS, can also be configured to improve the accuracy of pathloss measurements;
· FFS whether or not to support two-step RACH in SUL/DC/CA. 

Transport format power component :
One open point from the RAN1#97 is the working assumption regarding the power component from the transport format . Companies discussing this open point seem to be confirming the working assumption by proposing the same mechanism using deltaMCS as that of 4-step RACH: [3], [7], [14], [16].
Offline Proposal 5.2.2
Confirm the working assumption regarding the power component from the transport format  in the agreement from RAN1#97.
	Company
	Comments on offline proposal 5.2.2

	
	

	
	

	
	



Pathloss compensation:
Another open point from the RAN1#97 agreement is whether to introduce a cell-specific MsgA PUSCH alpha. The views expressed are almost evenly split between supporting a cell specific alpha for MsgA PUSCH and not supporting it:
· Don’t define cell-specific MsgA PUSCH alpha for pathloss compensation: [3], [14], [16],
· Allow cell specific MsgA PUSCH alpha: [7], [17]
· Reuse msg3-Alpha for MsgA: [20]
· If UE-specific alpha is not configured, the UE should assume that alpha=1: [18].
In this meeting we should agree one way or the other on the support of cell-specific MsgA PUSCH alpha by selecting one of the following proposals.
Offline Proposal 5.2.3a
For the power component from pathloss compensation, . If the 2-step RACH alpha parameter is not configured, and the parameter msg3-alpha of 4-step RACH is not configured, a cell-specific MsgA PUSCH alpha can be configured and used for pathloss compensation.
· If the cell-specific MsgA PUSCH alpha is not configured, alpha=1 is used for pathloss compensation.
Offline Proposal 5.2.3b
For the power component from pathloss compensation, . If the 2-step RACH alpha parameter is not configured, and the parameter msg3-alpha of 4-step RACH is not configured, alpha=1 is used for pathloss compensation.
	Company
	Comments on offline proposal 5.2.3a and 5.2.3b

	Nokia
	Prefer 5.2.3a

	
	

	
	




PO for the PUSCH of MsgA:
The following proposals have been made
· Delta_preamble_Msg3 is applicable to 2-step RACH, introduce an additional offset Delta_PUSCH: [20].
· separately from release 15 delta_preamble_msg3: [2]
Feature lead note: It has already been agreed in the RAN1#97 meeting agreement that it could be separately configured:
“ is an offset relative to the preamble received target power that could be configured for 2-step RACH. If the offset parameter is absent, the parameter delta_preamble_msg3 of 4-step RACH is used.”

In [8], it is proposed that PREAMBLE_ Msg3 (depending on preamble format including SCS) in NR Rel-15 relative to the preamble received target power should be supported.

Closed-loop power adjustment state:
The following proposal about the closed-loop power adjustment state:
· Reset the closed-loop power adjustment state for loop index l=0, when MsgA is transmitted: [18].

Power ramping (PUSCH power control adjustment state)
One of the open points from the RAN1#97 power control agreement is related to the power ramping of MsgA PUSCH retransmissions. Three options have been agreed to be further studied and down selected. The first is to have the same power ramping counter and power ramping step size for MsgA PRACH and MsgA PUSCH. The second is to have different power ramping counters and power ramping step size for MsgA PARCH and MsgA. The third option is to have the same power ramping counter for MsgA PRACH and MsgA PUSCH, but different step size. Several contributions discussed these options.
In [1], it is proposed to have separate ramp up for MsgA PUSCH and MsgA PRACH due to different reliability requirements.
PRACH and PUSCH power ramping counters:
· Same counters: [3], [7], [8], [9], [10], [17], [20], [18].
· Separate counters: [1], [2], [14]
Same power ramping counter for 2-step RACH and 4-step RACH [9].
PRACH and PUSCH power step size:
· Same step size: [7], [8], [9], [17].
· Can be configured with different values: [1], [2], [3], [10], [14], [18].
In [8], it is proposed that 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).
In [12], it is proposed that the power ramping counter is maintained after switching from 2-step to 4-step RACH.
In [22], it is proposed that there is a maximum EPRE gap between PRACH and PUSCH. It is also proposed that the power ramping of PRACH and PUSCH should not be coupled.

Feature lead comment: The decision on having the same or different power control counters for 2-step RACH and 4-step RACH, in part depends on whether we allow different beams for MsgA PRACH and MsgA PUSCH, and hence one part of MsgA can have its power ramping suspended but not the other. Further discuss the options in RAN1#98 to reach agreement.


	Company
	Comments on MsgA PUSCH power ramping

	
	

	
	

	
	




Power reduction rule
Several contributions discussed power reduction rule for MsgA PRACH and MsgA PUSCH. 
MsgA PRACH and MsgA PUSCH follow different power reduction rules, as preamble and PUSCH in release 15 respectively: [8]
Same priority for MsgA PRACH and MsgA PUSCH power reduction: [9], [16], [17].
In [17], the following is proposed:
· The msgA transmission as a whole on the PCell is prioritized over other channels in the power reduction priority ordering.
· The msgA transmission as a whole on a serving cell other than the PCell has the same priority as the msg1 PRACH transmission on a serving cell other than the PCell.
Most contribution are aligned on using the same priority for power reduction of MsgA PRACH and MsgA PUSCH. Hence, we have the following proposal:
Offline Proposal 5.4.1
For CA/DC MsgA PRACH and MsgA PUSCH have the same power reduction priority as Msg1 PRACH.
	Company
	Comments on offline proposal 5.4.1

	
	

	
	

	
	



Power control with fallback
In [3], it is proposed that UE should determine the msg3 power level based on the last msgA PUSCH transmission power in fallback mode.
In [3], different retransmission schemes are considered in case of failure after fallback to 4-step RACH:
· If Msg3 is not successfully decoded, Msg3 is retransmitted and dynamic power control is applied for the Msg3 retransmissions.
· If contention resolution fails or if Msg3 reaches the maximum number of transmissions, MsgA is retransmitted. The retransmission power of msgA after fallback failure is based on the last msgA transmission power level.
In [7], it is proposed that the UE continues with power ramping after it falls back to 4-step RACH, with a possible offset between MsgA PRACH and Msg1 Δ2-step-to-4-step-fallback. The power ramping step size after fallback depends on whether the RO used for fallback is shared with MsgA PRACH or Msg1 PRACH or is a separate resource.
In [19], it is proposed to have a common power ramping counter for 2-step RACH and 4-step RACH (after fallback).

4-step RACH Fallback
[bookmark: _Ref17353382]Retransmission of MsgA and fallback to 4-step RACH
In RAN2#106 [38], 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

Several contributions considered the retransmission of MsgA and fallback to 4-step RACH. The following fallback scenarios have been considered:
· Network configures maximum number of transmissions for 2-step RACH, after which UE falls back to 4-step RACH till the maximum number of transmissions of 4-step RACH: [7], [8], [10], [13], [17], [19], [20] (max transmission time), [21], [23] (or max transmission time).
· Maximum number of MsgA transmissions is configured: [15], [19], [21], [23].
· UE may fall back to 4-step RACH if the radio quality degrades
· MsgA PUSCH transmit power exceeds a configured value: [7]
· e.g. RSRP goes below a configured threshold: [19]

Offline proposal 6.1.1
The maximum number of MsgA retransmissions and (FFS: maximum MsgA PUSCH power) 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
· FFS: and if MsgA PUSCH power doesn’t exceed a configured threshold
· The UE retransmits MsgA
· The UE increments the MsgA retransmission counter
· Else
· The UE transmits Msg1 PRACH
· FFS: Other options (e.g. terminate 2-step random access procedure)


	Company
	Comments on offline proposal 6.1.1

	
	

	
	

	
	




Other points discussed related to this topic include:
In [1], if the PRACH of MsgA is not detected, one of the following can take place: 
· Retransmission of MsgA
· Retransmission of PRACH
In [1], it is observed that
· It can be beneficial in some cases to support switching between 2-step and 4-step RACH.
· It is observed that it can also be beneficial in some cases to support simultaneous RACH operations (2-step and 4-step RACH).
In [12], fallback from 2-step RACH to 4-step RACH can be based on:
· Counter
· Timer
In [22], it considers two failure cases for MsgA, the first is when MsgA PARCH is not detected, the second is when MsgA PRACH is detected, but MsgA PUSCH is not successfully decoded. In each case, 2-step RACH can fallback to 4-step RACH after a certain number of transmission attempts. The fall back counters for each case are separately configured.
Reply to RAN2 LS
RAN2 sent LS to RAN1 in [29], listing the 2-step RACH agreements RAN2 made in RAN2#106, requesting that RAN1 take these agreements into account and highlighting that RAN2 agreed on MsgA retransmission retries on 2-step RACH, and that RAN2 considered whether the UE should switch to 4-step RACH after some time, but this is still for further study depending on the performance of preamble reception for 2-step RACH and 4-step RACH. RAN2 is requesting input from RAN1 on this aspect.
Several contributions and draft LS replies discussed this point. Below is a summary of the points mentioned:
The performance of 2-step and 4-step preambles (e.g. probability of missed-detection) is influenced by parameters some of which are under the control of the network such as the preamble format, number of configured preambles (pool size), number of users attempting random access (traffic loads) and power control parameters (such as preambleReceivedTargetPower and powerRampingStep) [3], [30], [31], [32] and [33]. This applies to shared ROs and separately configured ROs [30]. If these parameters are configured the same, then the performance of the 2-step RACH and 4-step RACH preambles is the same [3] and [31].
Switching to 4-step RACH doesn’t just depend on MsgA PRACH performance, but MsgA PUSCH performance as well [33]. MsgA PUSCH is more likely to collide and lead to more preamble retransmissions even for shared ROs [32].
Different power for 2-step RACH and 4-step RACH even with the same power control parameters due to different ramping [32].
Neighbouring gNBs may not support 2-step RACH, but may support 4-step RACH, so 4-step RACH can have more coverage by gNBs and/or better capacity than 2-step [32].
It is beneficial to allow UE to fallback to 4-step RACH after a number of retries or if MsgA PUSCH power exceeds a threshold [7], [32] see discussion in section 6.1.
If a UE does not switch to 4-step RACH from 2-step RACH, RAN1 would also like to know if it is feasible from RAN2 point of view to support UE initialize another RA operation without switching [33].
In [3], it is suggested that the performance of 2-step and 4-step preambles is influenced by parameters under the control of the network such as preamble format, pool size and power control parameters. If these parameters are configured the same, then the performance of the 2-step RACH and 4-step RACH preambles are the same.
In [19], it is noted that the preamble transmission performance of 2-step and 4-step RACH is different in terms of probability of collision due to different loads.

Offline Agreement 6.2.1
· The performance of 2-step and 4-step preambles (e.g. probability of missed-detection) is influenced by parameters some of which are under the control of the network (which the gNB has the flexibility to make the same or different) such as the preamble format, number of configured preambles (pool size), number of users attempting random access (traffic loads) and power control parameters (such as preambleReceivedTargetPower and powerRampingStep).
· This applies to shared ROs and separately configured ROs.
· Switching to 4-step RACH doesn’t just depend on MsgA PRACH performance, but on the impact of MsgA PUSCH on performance as well.
· Based on the above points, the preamble performance of 2-step RACH and 4-step can be different.
· RAN1 views that it can be beneficial to allow UE to switch to 4-step RACH.
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Fallback to 4-step RACH after detection of MsgA PRACH and decode failure of MsgA PUSCH
In [1], if the PRACH of MsgA is detected but the associated PUSCH is not decoded, one of the following can take place,
· Retransmission of MsgA
· Retransmission of PUSCH
· New transmission of PUSCH
In [8], it is proposed to allow the UE to fallback to 4-step RACH to transmit msg.3 in one 2-step RACH attempt if the transmitted preamble is detected, PUSCH transmission fails and other UEs’ PUSCH also fails (i.e., no contention resolution ID).
In [19], it is proposed that the gNB can indicate in the fallbackRAR whether the payload of MsgA PUSCH and fallback Msg3 are the same or not.
In [11], it is proposed to retransmit and HARQ combine MsgA PUSCH when MsgA PRACH is detected by:
· Opt1: UL grant
· Opt2: RAR
Support MsgA PUSCH retransmission via a dynamic grant: [17]
In [23], it is proposed that if MsgA response message indicates preamble detection and MsgA PUSCH decode failure, and the there is no uplink grant, the UE retransmits MsgA on with same preamble using non-adaptive mode.
UE may fallback to 4-step RACH if preamble detected and PUSCH not decoded: [15], [16], [19], [21].
Feature lead comment: This has already been agreed by RAN2#106[38]:

10. Upon receiving the fallbackRAR, the UE shall proceed to msg3 step of 4-step RACH procedure


Beam Operation
MsgA PRACH and MsgA PUSCH Tx beams
In RAN1#96bis [35], the following agreement was reached, which lists several options.
	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.



Several companies considered the options in the previous agreement, the views are almost evenly split between option 1 and option 2.
Same Tx beam for PUSCH and PRACH in the same MsgA transmission: [1], [3], [7], [8], [9], [18]
Same or different Tx beams for PUSCH and PRACH in the same MsgA transmission (up to UE implementation): [2], [10], [12] (IDLE and INACTIVE UEs), [17] .

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.
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Other points discussed include:
The selected SSB index for MsgA preamble is used for MsgA PUSCH of the same MsgA transmission instance: [10].
UL Tx beam switching during retransmission of MsgA is up to UE implementation: [3]
Allow configuration of POs with slot-repetition and allow different repeated slots to use different transmit beams [21].
In [21], it is proposed that the UE can use a suboptimal beam for MsgA, and include in the MsgA (as UCI information or part of the payload) information about a better beam index.
In [22], the following is suggested for the beam selection of MsgA:
· For UEs in IDLE and INACTIVE states and for the initial MsgA transmission, the UE uses the same beam for MsgA PRACH and MsgA PUSCH. 
· For UEs in CONNECTED state and for the initial MsgA transmission the UE can be configured to use the same beam or different beams for MsgA PRACH and MsgA PUSCH.
· For MsgA retransmission, the UE can be configured to use the same beam or different beams for MsgA PRACH and MsgA PUSCH.

UL Tx beam and beam refinement during 2-step RACH procedure
In [7], UL Tx beam refinement (P-3 phase of beam refinement) is proposed by transmitting multiple DMRS reference signals with different spatial beams.
Point of discussion 7.2.1
Whether or not to introduce multiple beam formed reference symbols for refining beam management operation in the UL.
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UL Rx beam refinement during 2-step RACH procedure
Rx Beam refinement for MsgA PUSCH is proposed in [7], the UE indicates the refined beam to the gNB the preamble index based on CSI-RS measurements.
Point of discussion 7.3.1
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.
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Other Proposals
In [5], the scrambling of the PUSCH is discussed. This topic is covered in the channel structure agenda item. The following is proposed:
· RNTI used to scramble PUSCH-part of msgA is based on a combination of RA-RNTI and preamble index.
· The value of  is defined as in Rel. 15. 
· DMRS index is supported in addition to preamble indices.

In [6], operation in unlicensed band was consider:
· LBT category for UL grant is included in MsgB in the case of unlicensed cells.
· RACH type selection based on the unlicensed carrier channel occupancy.
Proposals and observations by reference
[bookmark: _Ref8038609]Proposals and Observations from [1]
Observation 1: Latency reduction as one of the main benefits of 2-step RACH compared to traditional RACH is not guaranteed if the RACH type selection is only based on the radio quality. 
Observation 2: When there is power offset between preambles in the same RO, the preamble detection performance will degrade much.
Observation 3: The relation between the power ramping of PUSCH and PRACH can be related to the reliability requirements.
Observation 4: Transmitting RRC messages and CRID in the same PDSCH can reduce the overall latency and receiver complexity.
Observation 5: It can be beneficial in some cases to support switching between 2-step and 4-step RACH.
Observation 6: It can also be beneficial in some cases to support simultaneous RACH operations.

Proposal 1: RACH type selection may be triggered during either the initialization of RACH procedure or RACH resource selection, which can be further studied in RAN2. The determination of RACH type can be up to the UE implementation.  
Proposal 2: To configure separate ROs for 2-step and 4-step RACH, the RO configuration tables in Rel-15 can be reused, and higher layer parameters for RO configuration should be separate.
Proposal 3: When separate ROs are configured for the 2-step RACH, the SSB to preamble mapping for 2-step can be independent from that of 4-step RACH. 
Proposal 4: When the 2-step RACH shares the same ROs with 4-step RACH, the preamble indices for 2-step RACH start from the end of the preamble indices for 4-step RACH in each associated SSB. 
Proposal 5: 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 6: 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 7: For the power ramping of MsgA, separate ramp up for MsgA PUSCH and MsgA PRACH can be considered.
Proposal 8: If the PRACH of MsgA is not detected, the following options can be supported: 
· Retransmission of MsgA
· Retransmission of PRACH
Proposal 9: 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 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, 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: In 2-step RACH, the time window 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.
Proposal 13: In 2-step RACH, study following options for the length of MsgB reception window: 
· 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 14: RA-RNTI, C-RNTI and TC-RNTI can be considered to scramble the PDCCH for scheduling MsgB in 2-step RACH.
Proposal 15: For Msg4-like content, PUCCH resource for HARQ-ACK can be indicated in either PDCCH or PDSCH.
Proposal 16: Retransmission of MsgA or PUSCH indicated by MsgB can be supported. 
Proposal 17: Fallback to 4-step RACH indicated by RAR should be supported.
Proposal 18:  The MsgA PRACH and MsgA PUSCH use the same transmit spatial filter. 
Proposal 19: Further study in which case a UE switches RACH procedures between 2-step to 4-step RA, or initialize another RACH procedure.
· Send LS to RAN2 to ask the feasibility of the above two options. 
Proposals and Observations from [2]
Proposal 1: Regarding the RACH type selection, following alternatives are considered.
· Alt. 1: RACH type is determined based on a random value.
· Alt. 2: RACH type is determined based the number of trials of RACH transmission.
· Alt. 3: RACH type is determined by UE implementation.
Proposal 2: For differentiation between msgB and msg2, new RA-RNTI is introduced for msgB.
Proposal 3:  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 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: Separated on power ramping counter and power ramping step from 4-step RACH are configured for PUSCH of msgA.
Proposals and Observations from [3]
Proposal 1: An RSRP based threshold (similar to SUL) is signaled for 2-step RACH selection.
Proposal 2: Reply to RAN2 LS (R1-1908002) that: 
“The preamble performance is influenced by several parameters as noted above. All these parameters are configurable by the network and if they are configured to be the same between 2-step RACH and the 4-step RACH, then the preamble performance will be the same between 2-step and 4-step RACH.” 
Proposal 3: For separate resources configuration (i.e. separate ROs for 2-step and 4-step RACH), the PRACH configuration tables could be reused.
· The individual PRACH configuration index of 2-step RACH can be different with that of 4-step RACH;
· The RACH format of 2-step RACH should be same with that of 4-step RACH.
Proposal 4: For the shared RO but separate preambles for 2-step RACH and 4-step RACH, two following alternatives could be considered for preamble partitioning:
· 2-step RACH UE can use the [totalNumberOfRA-Preambles~63] preamble indices except the preambles used for other purposes; or,
· Part of 4-step CFRA preamble indices could be refarmed for 2-step RACH.

Proposal 5: SSB to RO mapping ratio of 2-step RACH should be same with that of 4-step RACH.
Proposal 6: The msgB monitoring window shall start at the first PDCCH opportunity (e.g.at least one symbol) after PUSCH payload of msgA.
Proposal 7: The mechanism designed for NR-U to extend RAR window will be reused for 2-step RACH msgB monitoring window at least for unlicensed spectrum case too.
Proposal 8: The separate CORESET/SS for msgB should be considered to distinguish msgB from legacy msg2.
Proposal 9: In 2-step RACH, the PUCCH resources for UEs whose successRARs are multiplexed in a single msgB could be determined by the C-RNTI in successRARs in addition to the CCE information and DCI of msgB.
Proposal 10:  The powerRampingStep can be separately configured for 2-step and 4-step RACH.
· If the powerRampingStep is not configured for 2-step RACH, the powerRampingStep of 4-step RACH is used instead for 2-step.
Proposal 11: The preambleReceivedTargetPower for 2-step follows the same parameter of 4-step RACH.
Proposal 12: Confirm the working assumption:
The power component from the transport format  is determined based on the same mechanism and the same parameter deltaMCS of Rel-15 Msg3 for the current transmission instance.
Proposal 13: There is no need to define the cell-specific MsgA PUSCH alpha for pathloss compensation.
Proposal 14: Separate ramp up for MsgA PUSCH and MsgA PRACH, with same counter is slightly preferable.
Proposal 15: For MsgA PUSCH power ramping, PUSCHpowerRamingStep could be used if configured, but if absent, MsgAPowerRampingStep is reused.
Proposal 16: UE should determine the msg3 power level based on the last msgA PUSCH transmission power in fallback mode.
Proposal 17: The retransmission power of msgA after fallback failure is based on the last msgA transmission power level. 
Proposal 18: The same msgA beam selection criterion could be used for first transmission and retransmission.
Proposal 19: For MsgA Tx beam selection, the MsgA PRACH and MsgA PUSCH use the same Tx spatial filter (beam).
Proposal 20: Whether UE performs UL beam switching during retransmissions of MsgA is up to UE implementation and which beam UE switches to is also up to UE implementation.
Proposals and Observations from [4]
Proposal 1: msgB-RNTI(s) should be used for msgB where msgB-RNTI(s) is different from RA-RNTI.
Observation 1: The usage of msgB-RNTI(s) is according to the following table.
	
	Separate ROs for 2-step and 4-step RACH
	Shared ROs for 2-step and 4-step RACH

	fallbackRAR and successRAR within the same MAC PDU (msgB)
	msgB-RNTI is used for msgB
	msgB-RNTI is used for msgB

	fallbackRAR and successRAR within different MAC PDUs
	msgB-RNTI is used for successRAR, msgB-RNTI-2 is used for fallbackRAR

	msgB-RNTI is used for successRAR, msgB-RNTI-2 is used for fallbackRAR, or msgB-RNTI is used for successRAR, RA-RNTI is used for fallbackRAR


Observation 2: If RA-RNTI is used for fallbackRAR and msgB-RNTI is used for successRAR, the following conditions should be satisfied. 
· Shared RO but separate preambles are used for 2-step and 4-step RACH
· msgB-monitoring window is not larger than 10ms
Proposal 2: If fallbackRAR and successRAR are multiplexed within one MAC PDU (msgB), it should be supported that msgB-RNTI is used for msgB.
Proposal 3: If fallbackRAR and successRAR are within different MAC PDUs, it should be supported that msgB-RNTI is used for successRAR and msgB-RNTI-2 is used for fallbackRAR.
Proposal 4: msgB-RNTI(s) should be obtained by adding offset(s) onto a basic 2-step RACH RA-RNTI. Whether offset(s) is fixed or configurable is FFS.
Proposals and Observations from [5]
Proposal 1: RNTI used to scramble PUSCH-part of msgA is based on a combination of RA-RNTI and preamble index. 
Proposal 2: The value of  is defined as in Rel. 15. 
Proposal 3: DMRS index is supported in addition to preamble indices. 

Proposals and Observations from [6]
Proposal 1: LBT category for UL grant is included in MsgB in the case of unlicensed cells.
Proposal 2: The gNB should combine MsgB with Msg2-like content and MsgB with Msg4-like content in the same PDSCH.
Proposal 3: Radio quality criterion, for e.g., SSB RSRP or unlicensed carrier channel occupancy, is used by the UE to determine whether to select a 2-step RA procedure.
Proposals and Observations from [7]
Observation 1: The 4-step TA mechanism is not applicable to the 2-step RACH.
Observation 2: If no TA mechanism is available, the PUSCH resources reserved for MsgA need to be dimensioned according to the worst-case time misalignment within the cell/beam coverage area.
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, 
Observation 3: Having the SuccessRAR and the FallbackRAR combined in a single PDSCH can reduce the UE’s reception complexity when receiving the response of a MsgA that contains the CCCH message.
Observation 4: Combining Msg2 and FallbackRAR of preambles sent in the same RO into a single PDSCH introduces unnecessary delays for Msg2 and can increase the UE’s reception complexity.
Proposal 2: MsgB with contention resolution message (SuccessRAR) does not include 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 Error! Reference source not found..
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 5: With a one symbol gap between consecutive time resources for the data part of MsgA, consecutive transmissions from UEs in a cell of radius 10 km at 15 kHz do not overlap.
Proposal 4: The MsgB (for SuccessRAR or FallbackRAR) response window can start at the earliest CORESET the UE is configured to receive a PDCCH corresponding to MsgB (SuccessRAR or FallbackRAR) that is at least one symbol after the last symbol of the PUSCH of the MsgA.
Observation 6: For 2-step RACH procedure sharing an RO with 4-step RACH, whether the RNTI design is distinct for 2-step RACH and 4-step RACH impacts the decision of whether to have a new common search space for 2-step RACH or reuse the Type1-PDCCH common search space (CSS).
Proposal 5: Users in INACTIVE and IDLE modes or Users in CONNECTED mode with FallbackRAR
· Configure a new common search space for 2-step RACH to receive the PDCCH associated with MsgB.
· If the new common search space for 2-step RACH is not configured, use Type1-PDCCH CSS to receive the PDCCH associated with MsgB.
Proposal 6: Users in CONNECTED mode use UE specific search space, or common search space to receive the PDCCH associated with the SuccessRAR.
Proposal 7: Users in INACTVE and IDLE modes as well as users in CONNECTED mode when receiving the FallbackRAR use the CORESET configured for 4-step RACH. Users in CONNECTED mode when receiving the SuccessRAR use the CORESET associated with the USS or CSS used to receive the corresponding PDCCH.
Observation 7: 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 8: 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 9: 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 10: 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 8: Support HARQ combining for MsgB when it is groupcast to multiple UEs.
Proposal 9: The gNB can dynamically switch between retransmission of MsgB using the same payload as the previous MsgB transmission on that HARQ process or using only the payload of the UEs from which no HARQ-ACK is received.
Proposal 10: In 2-step RACH, each UE determines a unique HARQ-ACK resource to feedback the HARQ-ACK status of MsgB.
Proposal 11: 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 12: If the UE determines that the required transmit power of MsgA PUSCH exceeds a configured value, the UE selects the 4-step RACH for random access.
Proposal 13: MsgA configuration is provided to the UE by System Information.
Proposal 14: 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.
Proposal 15: In case of shared ROs for 4-step RACH and 2-step RACH, the preambles used for 2-step RACH are a subset of the contention-free random access preambles that follow the same association rules as the 4-step RACH preambles.
Proposal 16: In case of separately configure ROs for 2-step and 4-step RACH, the network configures a 2-step RACH prach-configurationIndex that points to a row in the PRACH configuration tables (Table 6.3.3.2-2/3/4 of TS 38.211) that determines the preamble format and time domain PRACH Occasions.
Proposal 17: In case of shared ROs for 4-step RACH and 2-step RACH, all ROs allocated to 4-step RACH are shared with 2-step RACH.
Proposal 18: In case of separately configure ROs for 2-step and 4-step RACH, the network configures a 2-step RACH msg1-FrequencyStart and msg1-FDM that determines the frequency domain resources of the 2-step RACH ROs. If one or both parameters are not configured for 2-step RACH, the network uses the corresponding 4-step RACH parameter to configure 2-step RACH ROs.
We have the following observations and proposals on the power control of the 2-step RACH procedure, 
Proposal 19: Correct typo in last meetings agreement

Proposal 20: When the 2-step and 4-step RACH share the same PRACH resource (RO), then the 2-step and 4-step RACH should have the same PRACH received target power.
Proposal 21: When the 2-step and 4-step RACH have separate PRACH resources (RO), then the PRACH received target power should be possible to be configured separately for 2-step and 4-step RACH.
Proposal 22: In case new transport formats are defined for MsgA PUSCH, then the corresponding parameters C and K of the BPRE (used in the computation of ) need to be computed.
Observation 11: The use of fractional pathloss compensation in the MsgA PUSCH can lead to additional 2-step retransmissions with increasing transmission power, which in turn leads to higher network interference.
Observation 12: Full pathloss compensation has been shown to provide better performance than the case where fractional pathloss compensation is used (i.e., .
Observation 13: When the UE is in RRC IDLE, the used pathloss compensation (alpha) in the MsgA PUSCH power control should be cell specific.
Proposal 23: In 2-step RACH release 16 cell specific pathloss compensation can be configured and this can be applied to all RRC states if no UE specific pathloss compensation parameter is configured.
Proposal 24: The power ramping step and counter should be the same for the MsgA PRACH and PUSCH.
Proposal 25: If in the  transmission attempt the UE doesn’t receive a 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 26: The UE should be able to fallback to 4-step power ramping, when it has already performed  power ramping or retransmission attempts, or if the MsgA PUSCH power of the retransmission exceeds a configured value. The UE is allowed to perform  4-step power ramping attempts, with the following condition .
Proposal 27: The power ramping step value of the fallback 4-step depends on which PRACH resources the 4-step fallback takes place:
· Shared 2-step and 4-step fallback PRACH resources – The 2-step and 4-step fallback power ramping step should be the same;
· Shared 4-step and 4-step fallback resources – The 4-step fallback and normal 4-step power ramping step should be the same;
· Separate 4-step fallback resources – The 4-step fallback power ramping step can have a different value, e.g. to enable a faster completion of the RACH procedure. 
Proposal 28: Evaluate if there is a benefit of introducing an offset, Δ2-step-to-4-step-fallback, between the last transmitted 2-step PRACH and the first 4-step fallback PRACH.
Proposal 29: When the UE transitions to another beam, the power ramping counter should be suspended for both MsgA PRACH and MsgA PUSCH. When the UE performs the next access attempt, it will use the same power level for the MsgA PRACH and MsgA PUSCH as in the last access attempt while the UE was still under the previous beam. The power ramping procedure is resumed in case there any subsequent access attempts.
Proposal 30: The UE should be allowed to transmit the same payload for MsgA PUSCH across different retransmission attempts within the same power ramping session.
Proposal 31: 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.
We have the following observations and proposals on the beam management of the 2-step RACH procedure, 
Observation 14: 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 15: Using narrow beams can improve coverage and reduce the probability of collision at the expense of higher system overhead.
Proposal 32: 2-Step RACH supports beam refinement when receiving the data part of MsgA.
Proposal 33: 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 16: MsgA PUSCH provides an opportunity for UL beam refinement for UEs, in all RRC states, attempting the 2-step RACH.
Observation 17: MsgA PUSCH can have the same or different multiple DMRS ports configured, each transmitted with a different QCL.
Proposal 34: Introduce multiple beam formed reference symbols for the refining beam management operation in the UL.
Proposal 35: As the UL beam refinement is out of scope of the current 2-step WID, then the MsgA PRACH and MsgA PUSCH should use the same TX spatial filter.
Proposal 36: The use of different spatial filters for MsgA PRACH and PUSCH should be left for further enhancements of 2-step RACH. The release 16 of 2-step RACH should be done such that it is forward compatible with the use of different spatial filters.
We have the following proposal on the fall back to 4-step RACH: 
Proposal 37: If the UE determines that the required transmit power of MsgA PUSCH retransmission exceeds a configured value, the UE falls back to 4-step RACH for random access.

Proposals and Observations from [8]
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: Single same power ramp up for MsgA PUSCH and MsgA PRACH should be supported.
Proposal 7: 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 8: The MsgA PRACH and MsgA PUSCH use the same Tx spatial filter (beam).
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: 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 11: Fallback to 4step RACH procedure when 2step RACH failure exceeds a preconfigured value should be supported.
Proposals and Observations from [9]
Proposal 1
· For transmission power of MsgA PUSCH in 2-step RACH,
· Same ramping step size and counter is applied for MsgA PRACH and PUSCH. 
· Same power ramping counter is applied for 2-step and 4-step RACH. 
Proposal 2
· MsgA PUSCH has same priority as associated PRACH for transmission power reduction.  
Proposal 3
· Radio quality based criterion can be used for RACH type selection. 
Proposal 4
· Same payload size is used for MsgA PUSCH during retransmission and fall-back. 
Proposal 5
· Same Tx beam is applied for transmission of PRACH preamble and associated MsgA PUSCH. 
Proposal 6
· UCI on MsgA PUSCH is supported.
· FFS the UCI content. 
Proposal 7
· Reserved bit in DCI can be used to differentiate RAR for 4-step and MsgB for 2-step RACH.

Proposals and Observations from [10]
Tx spatial filter for msgA PUSCH
Observation 1: 
· If SSB/CSI-RS exists between msgA preamble and msgA PUSCH, the UEs can estimate channel by using them, and then the information obtained from channel estimation can be used for msgA PUSCH transmission.
· It is helpful to UE to adjust their TX spatial filter depending on channel condition.
Proposal 1: 
· Regarding beam selection between msgA preamble and msgA PUSCH, allowing UEs to adjust their Tx spatial filter by themselves (option2) should be considered.

Observation 2: 
· Since gNB expects to decode msgA PUSCH through resources that are associated with detected preamble/RO which is also related with SSB index, the SSB index which is used for msgA PUSCH should be same with msgA preamble even though different Tx spatial filter beams are applied.
Proposal 2: 
· In case of 2-step RACH, the selected SSB index for msgA preamble should be sustained for msgA PUSCH transmission.

Power control for msgA preamble
Observation 3: 
· In case of separate RO, it would be allowed for more efficient resource utilization that the target detection probability of preamble for 2-step RACH is better than 4-step RACH. If option 1 (i.e. separate configuration) is adopted, network can configure the parameters of power control for 2-step RACH separately.
Observation 4: 
· For separate Preamble Received Target Power (P-RTP), configuring additional value within the entire range could be large overhead for configuring power control information element.
· For 2-step RACH, offset type of indicator for additional P-RTP has a benefit to reduce signaling overhead.
Observation 5: 
· When the value of step size and Preamble Received Target Power (P-RTP) for msg1 is applied for msgA preamble, target detection probability of preamble might be equal. So, it causes extending overall time and inefficient usage of resources such as time/frequency resources and power for retransmission.
Proposal 3: For power control of msgA preamble, 
· Adopt option 1 (i.e. separate configuration) 
· For configuration of preamble received target power (P-RTP), one alternative among followings is selected:
· Alt 1. Introduce new parameter which is composed of whole range of values which used for msg1
· Alt 2. Introduce Offset value which is relative to P-RTP for msg1.
· For configuration of step size, one alternative among followings is selected:
· Alt 1. Introduce new parameter which is composed of whole range of values which used for msg1
· Alt 2. Introduce Offset value which is relative to msg1 for msgA preamble
· Alt 3.Reuse the existing parameter (i.e., powerRampingStepHighPriority)

Power control for msgA PUSCH
Observation 6: 
· Considering two components (ramping counter/step size) for msgA PUSCH retransmission, followings are observed:
· For ramping counter: since msgA preamble is always accompanied with PUSCH, there is no reason to control them individually under one restriction (such as maximum the number of transmission (preambleTransMax)).
· For ramping step size: there might be a case that msgA preamble and msgA PUSCH have different detection or collision probability. 
· Although random access is failed due to fail to detect msgA preamble, it seems that there is no reason for ramping PUSCH with same step size. In that case, if the step size is larger, the waste of power becomes bigger.
Proposal 4: 
· For msgA power control, adopt alt.3 which is separate ramp up for MsgA PUSCH and MsgA PRACH, with the same counter 
Proposal 5: 
· For 2-step RACH, 
· In addition to separated configuration for 2-step RACH (i.e., P-TRP, ramping step, etc), the network configures additional parameter that plays a role as indicating that UEs boost their transmission power of msgA.
· 2-step RACH UE follows parameters for 4-step RACH until the corresponding time indicator. After that, they apply configured parameters for 2-step RACH to their retransmission of msgA.

Fall back to 4-step RACH
Proposal 6: 
· Separately configure the maximum number of transmission for 2-step RACH.
Observation 7: 
· To provide fairness between 2-step and 4-step RACH, the total retry count for random access should be same. Here, retry count means the number of RA attempts itself. 
Proposal 7: 
· The number of msgA transmission should not be larger than the maximum number of msg1 transmission to provide fairness between 2-step and 4-step RACH. 
· Fall-back to 4-step RACH if number of msgA transmission is exceeded over msgATransMax.

Proposals and Observations from [11]
[bookmark: _Toc17096458]Proposal 1: 2-Step RACH should support both option 1 and 2.

[bookmark: _Toc17096459]Proposal 2: When 2-step RACH and 4-step RACH are configured with different RO, then separate power control configuration should be allowed. If they share the same RO, then the same power control configuration should be used.

[bookmark: _Toc17096460]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 [12]
Proposal 1: HARQ operation should be supported for MsgB at least when MsgB contains information for a single UE.
Observation 1: Recognition mechanism of successRAR or fallbackRAR should be considered.
Proposal 2: RNTI for successRAR should be different from RA-RNTI.
· SuccessRAR use new RNTI for 2-step RACH.
· FallbackRAR and backoff indication use RA-RNTI.
Proposal 3: RNTI for successRAR should be derived based on time-frequency resources of msgA and the DMRS port/sequence of transmitted msgA PUSCH.
Proposal 4: Dedicated CORESET and PDCCH CSS set configuration for 2-step RACH should not be mandated.
· 2-step RACH use Type1-PDCCH CSS and 4-step RACH CORESET if dedicated CORESET/PDCCH CSS set configuration for 2-step RACH is not provided.
· For a UE in connected mode, 2-ste RACH use Type1-PDCCH CSS and USS.
Observation 2: Depending on network configuration, the preamble transmission performance for 2-step RACH may be worse than that of 4-step RACH.
Proposal 5: Mechanism to limit retransmissions of MsgA and fallback to 4-step RACH should be considered.
Proposal 6: Power ramping counter for preamble should be inherited from 2-step RACH to 4-step RACH in the case of fallback to 4-step Msg1.
Proposal 7: For idle mode and inactive mode UEs, the MsgA PRACH and MsgA PUSCH should use same or different Tx spatial filter (beam) up to UE implementation.

[bookmark: _Ref8120251]Proposals and Observations from [13]
Fallback procedure
Proposal 1: In addition to network configuration based RACH type selection, radio quality based RACH type selection should be supported.
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 possible.
Proposal 3: Fallback mechanism that re-attempt 4-step RACH Msg.1 after a certain number of 2-step RACH failures is supported.

HARQ support for Msg.B
Proposal 4: When Msg.B can contain dedicated part of RRC message, HARQ might be required. In this case, to design that Msg.B cannot multiple dedicated RRC messages of multiple UEs would make design for supporting HARQ simpler.
Proposal 5: If Msg.B can contain dedicated RRC messages of multiple UEs, the mechanism to differentiate HARQ-ACK PUCCH resource for multiple UEs should be specified.

Power control
Proposal 6: Parameters for transmit power control of PRACH preamble ( and powerRampingStep) should be configured separately for 2-step RACH and 4-step RACH.

TA
Observation 2: 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 [14]
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Proposal 1: RAR MAC sub-header for fallback procedure same as the 4-step RACH can be considered.
Proposal 2: Consider RNTI, reserved bits in DCI, or MAC subheader/payload to indicate the type of RAR. From our perspective, using reserve bit in DCI and MAC RAR as the indicator has higher priority.
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: For power control, confirm the WA for the transport format (ΔTF);
Cell-specific alpha is not needed;
Alt2 (separate ramp up for MsgA PUSCH and MsgA PRACH, with different counters) is preferred.

Proposals and Observations from [15]
Proposal 1: Reuse the existing PRACH configuration tables for 2-step RACH, which can reduce the spec impact.
Observation 1: For certain slot configuration, the last UL slots within one period will be followed by DL slots in the next period, which may hinder configuring PRACH and PUSCH for 2-step RACH.
Proposal 2: The maximum time gap between PRACH and associated PUSCH should be further discussed to meet the latency requirement for 2-step RACH.
Proposal 3: The frame structure and the time gap requirements between PRACH and PUSCH of MsgA transmission should be considered when configuring ROs for 2-step RACH.
Proposal 4: Support flexible RO configuration option1 and option2, where prach-ConfigurationIndex, msg1-FrequencyStart and msg1-FDM should be individually configured for 2-step RACH.
Proposal 5: RA-RNTI enhancement should be considered for the reception of MsgA response to support the option of separated ROs configuration.
Proposal 6: The signalling overhead, the implementation complexity and the latency should be considered when only a subset of the 4-step ROs are shared by 2-step RACH.
Proposal 7: Individual RACH Response window should be configured for 2-step RACH. The same RAR window size for 4-step RACH should be used for 2-step RACH if it is not configured.
Proposal 8: 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 fixed in the specification.
Proposal 9: to Fallback 4-step RACH should be supported in the following case:
·  Successful detection of preamble, but failure decoding of payload.
· UE may perform payload retransmission using the UL grant in response message.
Proposal 10: The maximum number of MsgA retransmission should be restricted.

Proposals and Observations from [16]
Proposal 1: Transmission power for MsgA PUSCH can be calculated as:

Where  and  are the same as that used for Msg3 transmission;  denotes the bandwidth for PUSCH transmission;  is the pathloss measured from the downlink reference signal used for PRACH power control pathloss measurement;  is the same as Msg3 transmission; , and  is configured by RRC. 
Proposal 2: For priority rule on power deduction, Msg3 should share the same priority as PRACH transmission on PCell.
Proposal 3: One RACH resource can be configured for either 4-step RACH, or both 2-step RACH and 4-step RACH, where RACH resource and procedure (2-step or 4-step) selection is up to UE implementation.
Proposal 4: When gNB failed to decode MsgA PUSCH but detected PRACH correctly, gNB can fallback to trigger 4-step RACH procedure by transmitting a RAR.
Proposal 5: Support UE to report one of or a subset of the following information in addition to UE ID in MsgA:
· MAC CE for BFR
· BSR
· Beam reporting
· UE requested CSI-RS with repetition=on as well as number of CSI-RS resources

Proposals and Observations from [17]
Observation 1 	When 2-step ROs are separately configured, the total number of preambles on 2-step RO can be reduced if CFRA is not supported by 2-step RA.
Observation 2 	Down-selection of power ramping schemes of msgA PUSCH and msgA preamble depends on the msgA retransmissions schemes.
Observation 3 	Alt 1 for msgA (preamble + PUSCH) with common power ramping parameters separately configured compared to msg1 power ramping parameters can be the way forward unless there’s a clear benefit to having separate msgA preamble and separate msgA PUSCH reattempts.
Observation 5 	msgA PUSCH frequency hopping configuration should be separately configured compared to msg3 PUSCH at least for the initial transmission for the initial random access.
Observation 6 	Whether inter-slot frequency hopping should be supported for msgA PUSCH depends on whether the msgA PUSCH repetition is supported and the definition of msgA PUSCH occasion structure.
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 2 is selected regarding the TX beam of the uplink transmissions in 2-step RA.
Proposal 10	Option 1 is applied for the power control of the msgA preamble.
Proposal 11	Change max function to min function in the formula the MsgA PUSCH Tx power in the agreement.
Proposal 12	Cell-specific MsgA PUSCH alpha can be configured.
Proposal 13	The msgA transmission as a whole on the PCell is prioritized over other channels in the power reduction priority ordering.
Proposal 14	The msgA transmission as a whole on a serving cell other than the PCell has the same priority as the msg1 PRACH transmission on a serving cell other than the PCell.
Proposal 15	Support msgA PUSCH retransmissions/reattempts without HARQ combining considering the complexity and resource overhead of msgA PUSCH reception.
Proposal 16	Support msgA PUSCH only retransmissions via a dynamic grant in a message in response to a failed msgA PUSCH reception.
Proposal 17	The UE on a given UL carrier to fallback to 4-step RA after a number of retries on 2-step RA seems useful from a RAN1 perspective.
Proposal 18	Frequency hopping should be supported for msgA PUSCH transmissions.
Proposal 19	At least intra-slot frequency hopping should be supported for msgA PUSCH transmissions.
Proposal 20	A range of lower MCS index values in low spectra efficiency MCS table should be supported for msgA PUSCH. The actual MCS index values and MCS table can be either fixed or separately configured in system information.
Proposal 21	MCS value for the msgA PUSCH transmissions can be one fixed value, implicitly indicated by PRU definition from a set of MCS values only defined or from the set of MCS values selected based on the link quality from a multiple sets of MCS values.
Proposal 22	Consider the delay between msgA and the start of msgB window when defining the CORESET and search space for msgB transmission.

Proposals and Observations from [18]
Proposal 1: Support including HARQ-ACK feedback information of MsgA PUSCH in MsgB for contention resolution in 2-step RACH. 
Proposal 2: Support an extended MsgB that includes a contention resolution ID in addition to a conventional MsgB. 
Proposal 3: Power control parameters of 2-step RACH preamble follow those of 4-step RACH preamble.
Proposal 4: Reset the closed-loop power adjustment state (for loop index l=0), whenever MsgA is transmitted.
Proposal 5: If a UE-specific alpha for MsgA PUSCH is not configured, a UE should assume that alpha = 1.
Proposal 6: Support Alt3 (i.e. separate ramp up for MsgA PUSCH and MsgA PRACH, with the same counter)

Proposals and Observations from [19]
Proposal 1: NW can configure only 4-step RACH or both 4-step RACH and 2-step RACH by SIB.
Proposal 2: The selection of 2-step RACH or 4-step RACH by configured criteria based on radio quality, e.g., RSRP, should be supported.
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 radio quality, e.g., RSRP, goes below the configured criteria for the selection of 2-step RACH (even after MsgA (re)transmission(s))
Proposal 4: The preamble transmission performance for 2-step RACH and 4-step RACH could be  different in terms of collision probability due to different loads.
Proposal 5: gNB can indicate whether same message as in MsgA PUSCH shall be sent in Msg3 as fallback to 4-step RACH or not.
Proposal 6: MsgB window starts at the first symbol of the earliest CORESET the UE is configured to receive PDCCH of MsgB, that is at least one symbol after the end of MsgA PUSCH.
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 counter should be common between 2-step RACH and 4-step RACH.

Proposals and Observations from [20]
Proposal 1: 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.
Proposal 2: Timing advanced command is supported in MsgB. Contention resolution information should also be considered in MsgB.
Proposal 3: 
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.
Proposal 4: 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. 
Proposal 5: 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.
Proposal 6: 
UE ramps the power of preamble in MsgA if the previous attempt of MsgA is with no response from gNB. 
A separated powerRampingStep configuration should be introduced to 2-step RACH. 
One power ramping counter is used for MsgA.
Open loop power control is supported for PUSCH in MsgA. The msg3-Alpha can be reused for MsgA.
Proposal 7: 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 [21]
Observation:  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:
· msgA transmission should support configurable waveform, MCS and TBS, wherein the payload can carry the equivalent content of msg3 in four-step RACH, UP data, MAC CE and piggybacked UCI;
· msgB should enable the completion of two-step RACH procedure when both preamble and payload of msgA are correctly detected, or enable re-transmission of payload on granted resources if msgA preamble detection is successful but msgA payload decoding fails. 
Proposal 1:  A msgA occasion selected by a UE is mapped to a RO and a PO set, wherein the PO set can include one or multiple POs. Frequency hopping and PUSCH slot repetition should be supported in PO set configuration.
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;
· 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 should be supported as the default configuration for msgA preamble;
· 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 can be supported and configured by network for msgA payload retransmission;
· PUSCH-PathlossReferenceRS-Id can re-use NR Rel-15 design as the default configuration for msgA payload; additional RS resources, such as DMRS/SIB and PRS, can also be configured to improve the accuracy of pathloss measurements;
· FFS whether or not to support two-step RACH in SUL/DC/CA. 


Proposal 5:  The starting point of the RAR window should be specified with respect to the completion of a msgA payload transmission/retransmission. FFS RAR window length extension for two-step RACH.

Proposal 6: The following rules for msgA retransmission and fall-back should be supported:
· 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 a FallbackRAR in msgB, which includes at least the RAPID, the timing advance command and the UL grant for payload retransmission. 
· msgA can be re-transmitted if the UE does not receive a msgB (FallbackRAR or SuccessRAR) within the RAR window, and the counter of msgA retransmissions has not reached its upper bound 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 7: RACH type selection can be based on link level measurements, system loading information and msgA RO/PO validations. RACH type selection can be supported at the beginning of a RACH procedure, or after the number of re-attempts for  two-step RACH reaches its upper bound configured by the network.

Proposal 8 : FFS PUCCH resource configuration to enable HARQ for msgB RAR messages.

Proposal 9: 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 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. 

Proposal 11: Allow UCI reporting in msgA.

Proposals and Observations from [22]
Proposal 1:  Both options (separated or shared RO) should be supported.
Proposal 2:  A maximum EPRE gap between PRACH and PUSCH should be defined for channel estimation, while the power ramping of PRACH and PUSCH should not be coupled together.
Proposal 3:  The counter for the fall back to 4-step RACH should be separated for different failure case of MsgA.
Proposal 4:  The MsgA PRACH and PUSCH can be configured to use different Tx spatial filter (beam) when retransmission of MsgA.

Proposals and Observations from [23]
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: The combination of Msg2-like MsgB, Msg4-like MsgB, and Msg2 are determined by the configuration of 2-step RACH parameters and CORESETs/SS for MsgB and Msg2 detection.
Proposal2: At least support the combination of Msg2-like MsgB and Msg4-like MsgB within one MAC PDU responding to the UEs in groupcast manner, to reduce the detection complexity at the UE side.

Observation3: UL grant might not be necessary in the Msg2-like RAR for MsgA PUSCH retransmission if the retransmission is carried out in a non-adaptive way or the UL grant is chosen from the configured PRUs. 
Proposal3: FFS the MsgA retransmission mode, i.e., adaptive or non-adaptive retransmission mode and FFS the resource position of UL grant for MsgA PUSCH retransmission. 

Observation4: The format and content size of Msg4-like RAR shall be studied mainly in RAN2 and the problem of ACK feedback to Msg4-like RAR can be solved either in RAN2 or RAN1. 
Probosal4: For RAN1, solve the problem of ACK feedback to Msg4-like RAR in cooperation with RAN2.

Observation5: For the time-domain, frequency-domain, and preamble-domain configuration for 2-step RACH, we can add new indications in the RACH-ConfigGeneric to use orthogonal ROs or separate preambles compared to 4-step RACH. 
Proposal5: New indications in the RACH-ConfigGeneric are added to indicate the time-domain, frequency-domain, and preamble-domain configuration for 2-step RACH. 

Proposal6: 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.

Observation7: 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.
Propsal7: It is suggested to FFS the details on how to determine the priority of the MsgB responses at gNB side.

Proposals and Observations from [24]
Observation 1: To support the option 2, both new RNTI and separate CORESET solutions can work properly. However, the new RNTI design is simpler.
Proposal 1: Support the new RNTI design for option 2.
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