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Introduction
There are 19 contributions submitted to this agenda item + 1 related contribution in the 2-step RACH agenda item and related proposals in the channel structure agenda item with a total of 246 proposals and 47 observations. The topics covered include:
1. MsgA design
2. MsgB design
3. 2-step RACH configuration
4. 2-step RACH power control
5. Fallback to 4-step RACH
6. 2-step RACH beam operations

Updated on Monday 14-Oct-19 after the offline session to R1-1911457.
Updated on Tuesday 15-Oct-19 after the offline session to R1-1911492.
Updated on Wednesday 16-Oct-19 after the off-offline session to R1-1911522 .
[bookmark: _GoBack]Updated on Thursday 17-Oct-19 after the offline and following off-offline session to R1-1911522.
Update on Friday 18-Oct-19 after the offline session to R1-191647.
MsgA Design
MsgA Retransmission
In RAN1#96bis [22], 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 [26], 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:
· Support HARQ combining MsgA transmission and PUSCH transmissions in fallback: [14], [15], [20].
· HARQ combining of MsgA retransmission is not required to be supported [14], [15].

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 [15], several aspects related to aperiodic CSI reporting are considered:
· CSI request indication configured in system information for CSI report on msgA PUSCH should be supported: [15].
· CSI reports carried as UCI multiplexed in msgA PUSCH are supported.
· CSI is reported on msgA according to CSIReportConfig if it is configured, otherwise a default report configuration is used.

Point of discussion 2.2.1
Should aperiodic CSI reports be included in MsgA?
If supported this has RRC impact.
Supported by: E//, Oppo
Not supported by: SS, Huawei, ZTE

	Company
	Comments on point of discussion 2.8.1

	
	

	
	

	
	



[bookmark: _Hlk17319874]Frequency hopping for MsgA PUSCH
Frequency hopping for MsgA PUSCH is supported: [15] (at least intra-slot frequency hopping – support of inter-slot frequency hopping is contingent on PUSCH repetition)
Separately configured from Msg3 frequency hopping: [15]
Feature lead comment: To be discussed in the 2-step RACH channel structure agenda item.

MCS Tables and MCS Index for MsgA PUSCH
In [7], it is proposed that MsgA should use pre-configured MCS based on reference payload size and preconfigured time-frequency resources.
In [15]: 
· 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.
[bookmark: _Hlk17275432]Feature lead comment: To be discussed in the 2-step RACH channel structure agenda item.

PUSCH Occasion Configuration
Channel quality-based criterion is used to select different MsgA PUSCH configurations: [11].
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
	[11] (by configuration)

	CSI/HARQ-ACK not include
	[9]

	Control Info to assist in decoding PUSCH
	[9] (Carefully study), [11]

	Allow UCI multiplexing in MsgA
	[18]




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[18], both UE-assisted timing adjustment and gNB assisted timing adjustment have been considered for MsgA transmission and reception
In [21], it is proposed that the timing for MsgA PRACH and PUSCH transmission should be both assumed as .
In [22], it is proposed that TA = 0 for PRACH and PUSCH in idle/inactive states; TA = available TA for at least PUSCH in connected state. It is an open point whether MsgA PRACH and MsgA PUSCH have the same TA in connected mode.
Point for discussion 2.8.1
Company views on UE-assisted timing adjustment
Company views on gNB assisted timing adjustment
Company views on whether MsgA should be transmitted with .
Company views on whether MsgA is transmitted with the same  for MsgA PRACH and MsgA PUSCH.
	Company
	Comments on point of discussion 2.7.1

	Nokia
	For gNB assisted timing adjustment this should be left for gNB implementation. No standard impact.
 is the same for MsgA PRACH and MsgA PUSCH. This is to assist the network to know the time of MsgA PUSCH from MsgA PRACH to assist in the reception of MsgA PUSCH.
The MsgA  can be non-zero, for example if the UE is in connected mode with a valid TA, or if the UE can reasonably estimate its TA value.

	
	

	
	



Overlap of MsgA with other uplink transmissions








In release 15, “For single cell operation or for operation with carrier aggregation in a same frequency band, a UE does not transmit PRACH and PUSCH/PUCCH/SRS in a same slot or when a gap between the first or last symbol of a PRACH transmission in a first slot is separated by less than  symbols from the last or first symbol, respectively, of a PUSCH/PUCCH/SRS transmission in a second slot where  for  or ,  for  or , and  is the SCS configuration for the active UL BWP.” [38.213 – section 8.1]
One company addressed this issue:
It is up to UE implementation to transmit msgA PUSCH or other UL signal (PUCCH/PUSCH/SRS) if they are in the same slot or the gap between them are smaller than N symbols: [9].
It is proposed that for 2-step RACH we have behavior as 4-step RACH
Offline Proposal 2.8.1








For single cell operation or for operation with carrier aggregation in a same frequency band, a UE does not transmit MsgA PRACH/MsgA PUSCH and PUSCH/PUCCH/SRS in a same slot or when a gap between the first or last symbol of a MsgA PRACH/MsgA PUSCH transmission in a first slot is separated by less than  symbols from the last or first symbol, respectively, of a PUSCH/PUCCH/SRS transmission in a second slot where  for  or ,  for  or , and  is the SCS configuration for the active UL BWP.
	Company
	Comments on offline proposal 2.8.1

	
	

	
	

	
	



MsgA PUSCH payload size
500 and 1000 bits packet sizes are feasible with high coverage in some scenarios: [15]
Feature lead comment: To be discussed in the 2-step RACH channel structure agenda item.
MsgB Design
MsgB content and types
Timing advanced command in MsgB:
· In [7], timing advance command should be supported in MsgB.
Contention resolution in MsgB:
· In [7], contention resolution information should be considered in MsgB. 
Feature lead comment: The content 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.

5. Contention resolution:
a. If the PDU PDCCH addressed to the C-RNTI (i.e. C-RNTI included in MsgA) containing the 12 bit TA command is received, the UE should consider the contention resolution to be successful and stop the reception of MsgB or with UL grant if the UE is synchronized already.
…
10. 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
11. …
12. 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


Other proposal related to the MsgB content:
· In [17], several aspects related to CSI request and 2-step RACH are considered:
· In 2-step RACH, a CSI request can be included in a successRAR of MsgB PDSCH.
· NR supports multiplexing a CSI report triggered by a successRAR in a PUCCH resource carrying HARQ-ACK information of the successRAR.
· NR supports more than one common PUCCH resource set configuration for 2-step RACH

Transmission of MsgB and combining with Msg2
In RAN2#106 [26], 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


In RAN2#107 [27], it is further agreed that:
3. SuccessRAR and fallbackRAR can be multiplexed

In [20], it suggested that the successRAR (Msg4-like) and fallbackRAR (Msg2-like) can be in the same PDSCH.
Feature lead comment: This has already been agreed in RAN2.

HARQ-Operation for MsgB
Following the email discussion after RAN1#98 [28], email discussion [98-NR-08], several contributions addressed the HARQ-ACK operation for MsgB.
HARQ-ACK for MsgB with successRAR to one or more UEs is supported: [1], [3], [5], [6], [7], [8], [11], [12], [13], [14].
HARQ retransmission for MsgB addressed to C-RNTI is supported: [13]
Offline Agreement 3.3.0
[bookmark: _Hlk21597930]A UE shall provide HARQ-ACK feedback if it receives a MsgB that contains a successRAR addressed to this UE.
Content of MsgB HARQ-ACK:
The issue is whether to include both ACK and NACK on the PUCCH resource, or only ACK. This is where the companies stand:
· Only transmit ACK on PUCCH resource: [1], [2], [3], [5], [8], [9], [10], [12], [13] (when there are two or more successRARs), [15] (when using a common RNTI), [16], [18].
· Indication in DCI or RNTI that there are multiple sucessRARs in MsgB: [13]
· Transmit ACK or NACK on PUCCH resource in response to MsgB containing a single successRAR for a UE with MsgA containing CCCH: [13], [15] (with UE specific or preamble specific RNTI)
· Indication in DCI or RNTI that there is a single sucessRAR in MsgB: [13]
· Transmit ACK or NACK on PUCCH resource in response to MsgB containing a single successRAR for a UE with MsgA containing C-RNTI: [13], [15], [16].
· UE transmits HARQ-ACK for MsgB if it has a valid TA [18].
Based on the majority view, we have the following offline proposal:
Offline Agreement 3.3.1

· For a MsgB downlink transmission with PDCCH addressed to a MsgB-RNTI, the HARQ-ACK response to the downlink transmission can include at least ACK.
· Select:
· MsgB RNTI is at least group based, FFS: whether MsgB-RNTI can be UE specific.
· FFS: Whether MsgB-RNTI is group based and/or UE specific
· FFS: Whether NACK should be transmitted and under what conditions.


	Company
	Comments on offline proposal 3.3.1

	
	

	
	

	
	



Offline Agreement 3.3.2
· For a downlink transmission with PDCCH addressed to C-RNTI in response to a MsgA with C-RNTI, the HARQ-ACK response to the downlink transmission can include at least ACK.
· FFS: Whether NACK should be transmitted and under what conditions.
· FFS: Whether UL grant is included in the PDSCH response to MsgA addressed to the C-RNTI.
Draft LS to RAN2 in reply to LS R1-1909955 in R1-1911648.
To be discussed later in the week:
· Send LS to RAN2
· Informing of MsgB HARQ-ACK agreements
· Conditions from RAN2 perspective under which NACK can be sent.
· Whether TA MAC CE is always present.
· [bookmark: _Hlk21984656]Whether UL grant can be included in a PDSCH in response to MsgA addressed to the C-RNTI.
Any RAN2 agreements on group-based and/or UE specific MsgB RNTI.

	Company
	Comments on offline proposal 3.3.2

	
	

	
	

	
	



Determination of PUCCH resource for MsgB HARQ-ACK:
[bookmark: _Hlk21184040]Several companies addressed the determination of the PUCCH resource used for MsgB HARQ-ACK. The PUCCH resource used to acknowledge MsgB is UE specific: [1], [3], [8], [12]. The determination of the UE resource can be broadly divided into two groups: The PUCCH resources are determined implicitly for each UE, or the PUCCH resources are signaled explicitly in the MsgB PDSCH. This where the companies stand:
· The PUCCH resource is determined implicitly and based on common parameters in the DCI: [1], [2], [8], [9], [10] (PUCCH resource Index), [12], [13], [14] (slightly prefer):
· The PUCCH resource is determined based on the C-RNTI included in MsgB: [1]
· The PUCCH resource is included in the PDSCH: [3], [6], [7], [9], [10] (PUCCH offset), [11] (PUCCH resource index – 4 bits), [16], [18].
Additional proposals are made for the determination of the PUCCH resource:
· Use 1-bit DAI field instead of CCE start index for determination of PUCCH resource [9].
· When a single UE is in MsgB, the PUCCH resource is determined the same way as in release 15 [15].
· In [18], it is proposed that:
· The numerology, waveform, BWP and TX spatial filter configuration for PUCCH re-use the same configuration of the last msgA PUSCH transmission/retransmission. 
· Short PUCCH formats of NR Rel-15 are prioritized.
· Both open loop and closed-loop power control are supported.
· PDSCH-to-HARQ-ACK feedback timing for MsgB is determined based on a PDSCH-to-HARQ-ACK feedback timing indicator field in DCI and UE-specific timing offset explicitly indicated in MsgB PDSCH: [17]
Given that there is no clear majority one way or the other, in the email discussion [28] it is proposed to consider the following options:
Point of Discussion 3.3.3
[bookmark: _Hlk20386506]For CCCH, where MsgB consists of multiple MAC subPDUs carrying, at least one successRAR, zero or more fallbackRAR and zero or more backoff indication:
· For the PUCCH resource used to carry the MsgB HARQ-ACK from UEs with successRAR in MsgB, further study and down select from the following options
· Option 1.1: Common PUCCH resource parameter(s) are signalled in the DCI used to schedule MsgB.   
· The common PUCCH resource parameters can indicate the PUCCH resource of UE X
· FFS UE X. For example, UE X can be the UE with a successRAR that has the lowest position order in the MAC PDU, or the highest position order in the MAC PDU, or that with an RRC message.
· Option 1.2: The PUCCH resource is only signalled in the MsgB PDSCH.    
· For the PUCCH resources used to carry the MsgB HARQ-ACK from UEs with successRAR in MsgB, further study and down select from the following options
· Option 2.1: The PUCCH resources are signalled in the MsgB PDSCH.    
· Option 2.2: The PUCCH resources are based on parameters signalled in the DCI used to schedule MsgB and implicitly determined based on:
· Option 2.2.1: The position order of the UE within the MAC PDU. 
· Option 2.2.2: The C-RNTI included in MsgB   
· Option 2.2.3: Other implicit mapping options. 
· For the PUCCH resource signalled in the DCI used to schedule MsgB, if any, further study and down select from the following options:
· Option 3.1: Use the release 15 method, i.e. based on start CCE, 3-bit PRI and 3-bit PDSCH-to-HARQ_feedback timing indicator 
· Option 3.2.: Based on 1-bit reusing the DAI indication, 3-bit PRI and 3-bit PDSCH-to-HARQ_feedback timing indicator   
· Option 3:3 [3]-bit PUCCH resource index and 3-bit PDSCH-to-HARQ_feedback timing indicator.

	Company
	Comments on point of discussion 3.3.3

	Nokia
	Support Option 1.1, Option 2.2.1 and Option 3.1
These options lead to the least overhead, which is important to extend MsgB coverage and/or increase the number of successRAR in MsgB.

	
	

	
	

	
	



Signaling of PUCCH TPC command
In 4-step RACH, the TPC command for controlling the power of the PUCCH resource used to carry HARQ-ACK is signaled in the Msg4 DCI in a 2-bit. In 2-step RACH, the successRAR of multiple is included in the same MsgB. The following proposals have been made:
· The PUCCH TPC command is included in the PDSCH for UEs with successRAR in MsgB scrambled by the common RNTI: [3], [18]
· The PUCCH TPC command is included in the DCI for UEs with MsgB scrambled by the C-RNTI: [18]
As each UE could have a different TPC command, including the TPC command in the DCI might become unfeasible with the successRAR of many UEs in MsgB. Hence the following proposal is made:
Offline proposal 3.3.4
The TPC command of the PUCCH resource containing HARQ feedback for MsgB is indicated by PDSCH of MsgB.
· The TPC command is 2-bits
	Company
	Comments on offline proposal 3.3.4

	
	

	
	

	
	

	
	



Support of soft combining
When MsgB is retransmitted by the gNB, the UE can soft combine MsgB if it has the same payload. The following proposal have been made:
· Soft combining is up to UE implementation with indication from the network if the MsgB payload is the same or not: [8], [12], [13], [18]
· Soft combining at the UE can be enabled/disabled via higher layer signaling: [17].
· Soft combining is supported when a NACK is transmitted for the case that MsgB has a single UE [15].
· Soft combining of MsgB retransmissions addressed to a common RNTI is not supported: [14], [16].
· HARQ combining of MsgB retransmissions addressed to the C-RNTI is supported: [14], [16].
Offline Proposal 3.3.5
· [bookmark: _Hlk20386700]For a MsgB re-transmission the network can indicate to the UE if the payload of the re-transmitted MsgB is the same as that of the previous MsgB transmission. If the retransmitted MsgB has the same payload, the UE can perform soft combining.
· FFS: Indication of same payload in re-transmitted MsgB.

	Company
	Comments on offline proposal 3.3.5

	
	

	
	

	
	

	
	



Offline Proposal 3.3.6
· For a downlink re-transmission with PDDCH addressed to C-RNTI associated with a MsgA with C-RNTI, the UE can perform soft combining.
	Company
	Comments on point of discussion 3.3.6

	
	

	
	

	
	

	
	



RNTI design for MsgB
Several companies discussed aspects of RNTI design. 
In [2], [4], [6], [10], [13], [18] it is proposed that MsgB-RNTI(s) is different (enhanced) from RA-RNTI.
In [10], it is proposed to add a field to the DCI to distinguish the DCIs masked by the same RA-RNTI when the window size of MsgB exceed 10 ms.
In [5], is proposed to use one of the following methods to distinguish MsgB from Msg2: The SS/CORESET, the RNTI value or the reserved bits in the DCI.
In [18],
msgB-RNTI= RA-RNTI+14 × 80 × 8 × 2 ×(mod(rf_id,2)+1).
rf_id is the radio frame ID.

Feature lead comment: 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.
RAN1 can send an LS to RAN2 asking whether MsgB and Msg2 have the same or different RNTI values.

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 [1], [11], it is proposed that separate search space for msgB should be considered to distinguish msgB from legacy msg2.
· In [1], it is proposed to configure a time offset between MsgB search space and the Type1-PDCCH CSS.
· In [3], it is proposed that there could be different search space or different PDCCH candidates from MsgB to distinguish MsgB from Msg2 if the RNIT is the same.
· In [2], [12], [13], it is proposed to use the Type1-PDCCH CSS if no CSS is configured for 2-step RACH
· In [2], [12], it is proposed to use the 4-step RACH CORESET if no CORESET is configured for 2-step RACH.
· In [12], it is proposed that for UEs in connected mode and for the SuccessRAR to use Type1-PDCCH CSS or USS.
· In [12], [13], it is proposed that for UEs in connected mode to use USS.
· In [15], it is proposed that the ra-searchspace is used for 2-step RACH.

Offline Agreement 3.5.1
Users in CONNECTED state use UE specific search space, or common search space to receive the PDCCH associated with MsgA response and with CRC scrambled by the C-RNTI.

	Company
	Comments on offline proposal 3.5.1

	
	

	
	

	
	




Offline Agreement 3.5.2
For the PDCCH associated with MsgB 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 ra-SearchSpace.
· Option 2: MsgB is received on the ra-SearchSpace.

	Company
	Comments on offline proposal 3.5.2

	Nokia
	If Msg2 and MsgB have different RNTIs, option 2 can be selected, i.e. the same search space for 4-step RACH and 2-step.

	
	

	
	




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

	Nokia
	If Msg2 and MsgB have different RNTIs, option 2 can be selected, i.e. the same search space for 4-step RACH and 2-step.

	
	

	
	




Offline Agreement 3.5.4
For 2-step RACH no new CORESET is defined.


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 3.5.4

	Nokia
	If Msg2 and MsgB have different RNTIs, option 1 (for fallbackRAR and IDLE/INACTIVE UEs) and Option 3 (for successRAR of connected UEs) can selected.

	
	

	
	



Points of discussion:
· How UE can distinguish Msg2 and MsgB
· Separate RNTI
· For separate ROs, the RNTIs are different for different ROs
· Using separate RNTI can reduce UE processing latency (from the view of some companies), other companies don’t share this view.
· Use unused values of RA-RNTI for MsgB
· Separate Search Space
· Search space hasn’t been used to distinguish messages.
· To distinguish messages, non-overlapping monitoring occasions are required.
· Increases (potentially doubles) the resource overhead for search space.
· Potential impacts on latency
· Increase in UE decoding complexity
· Having a separate search space increases the RAN1 spec complexity
· Separate CORESET
· Might not be feasible in initial BWP
· Separate DCI
· Backward compatibility issues
· Limitations on number of DCI formats from UE perspective.

· If Search Space is separately configured for 2-step and 4-step how to guarantee that monitoring occasions don’t overlap

Draft LS reply 3.5.5
· [bookmark: _Hlk22160355]Question from RAN2: Is the specification of Alt2 above feasible from RAN1 perspective?
· Alt2: MSGB using a different search-space and/or coreset than MSG2 (i.e. the formula to calculate the RNTI for MSGB will be same as that of MSG2)
· For RAN1 perspective, it might be possible to support separate search space after addressing the concerns listed below. RAN1 has not reached consensus on supporting separate search.
· RAN1 would like to point out that some concerns of having a separate search space leads to:
· Search space hasn’t been used to distinguish messages.
· In some cases, there is a need for non-overlapping monitoring occasions to distinguish Msg2 and MsgB.
· Increases (potentially doubles) the resource overhead for search space.
· Potential impacts on latency
· Some companies see that there is an increase in UE decoding complexity. Other companies see that there is no need for the UE to monitor different search spaces.
· Having a separate search space increases the RAN1 spec complexity.
· RAN1 discussed using separate CORESET and would like to point that it might not be feasible to have separate CORESETs in the initial BWP.
· RAN1 discussed other alternatives such as:
· The possibility of using the reserved bits in the DCI format 1_0 with CRC scrambled by the RA-RNTI to distinguish Msg2 and MsgB (if the RA-RNTI is used for MsgB), but some companies expressed concerns regarding the impact on legacy UEs. Some companies also expressed concern that if there is more than one UE multiplexed in MsgB that these UEs might not be able to receive MsgB.
· The possibility of using the reserved bits of the CRC scrambling mask to distinguish Msg2 and MsgB (if the RA-RNTI is used for MsgB). This needs to be discussed more in RAN1
· To be discussed online whether this bullet is removed as expressed by some companies.
· RAN1 would like to point out that there are unused RA-RNTI that could be used for MsgB RA-RNTI.

Draft LS to RAN2 in R1-1911649.
RA response window
Start of RA response window:
In RAN2#105-bis [25], RAN2 has agreed that 2-step RACH RA response window starts after the MsgA PUSCH.The start of the msgB reception window is after the PUSCH transmission opportunity of msgA. 


 
In RAN2#106 [26], the following agreement was reached:

[bookmark: _Hlk16853415]From RAN2 perspective, no further offset is needed for the start of msgB monitoring window (i.e. no offset is needed to cover the RRC processing delay and/or F1 delay).
The UE will monitor for response message using the single msgB agreed window

In [1], [3], [5], [12], [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 [18], it is proposed that the MsgB monitoring window starts at the first PDCCH symbol in the earliest search space of MsgB PDCCH.
In [2], [6], it is proposed that the MsgB monitoring window shall start at the first PDCCH opportunity after a predefined offset after PUSCH payload of MsgA
In [7], 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.
Given the majority view, the following proposal is made:

Offline Agreement3.6.1
The MsgB window starts at the first symbol of the earliest CORESET the UE is configured to receive PDCCH for MsgB, and at least one symbol after the last symbol of MsgA PUSCH.

	Company
	Comments on offline proposal 3.6.1

	
	

	
	

	
	

	
	



Size of MsgB window:
Several contributions addressed the size of the MsgB window
· Reuse the mechanisms specified to extend the size of the NR-U window [1].
· Configured based on an offset between that 4-step RACH and 2-step RACH: [3]

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

UL grant in MsgB
Several contributions discussed the uplink grant in MsgB:
· In [6], the content of UL grant in MsgB of a UE is connected state is presented based on the structure of DCI format 0_0.


Point of discussion 3.7.1
· Structure of uplink grant in MsgB for fallbackRAR

	Company
	Comments on point of discussion 3.7.1

	Nokia
	Uplink grant in fallbackRAR follows the structure of the uplink grant in Msg2

	
	

	
	

	
	



Granularity of TA command in MsgB
In RAN1#96bis [22] 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

· Option 1: The granularity of the TA command in MsgB is based on the SCS of UL BWP: [9]
· Option 2: The granularity of the TA command in MsgB is based on the SCS of MsgA PUSCH: [3], [12]
· Option 3: Either option 1 or option 2 is fine: [14].
· Option 4: First uplink transmission after MsgB (this can include Msg3 fallback but doesn’t include MsgA PUSCH): [3], [19].
· Option 5: The largest SCS of option 2 and option 4.

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

	
	

	
	

	
	

	
	



DCI design of MsgB
In 4-step RACH, DCI Format 1_0 is used to schedule Msg2 and Msg4. The structure of the DCI depends on the RNTI used to scramble the CRC of the PDCCH used to carry the DCI
· In [6], [18], it is proposed that the MsgB DCI has the same structure as that of Mgs2.
· In [12], it is proposed that the MsgB DCI has the same structure as that of Msg4.
· In [13], [15] it is proposed to introduce a new DCI structure for MsgB-RNTI with the same size as that of DCI Format 1-0.

[bookmark: _Ref20682893]Table 2: DCI Format 1_0 structure when CRC is scrambled with RA-RNTI (for Msg2).
	Field
	Size
	Description

	FDRA
	
	Frequency Domain Resource Assignment

	TDRA
	4
	Time Domain Resource Assignment

	V2P
	1
	VRB-to-PRB mapping

	MCS
	5
	Modulation Coding Scheme

	TB
	2
	TB Scaling

	Rev
	16
	Reserved bits



[bookmark: _Ref20682899]Table 3: DCI Format 1_0 structure when CRC is scrambled with TC-RNTI (for Msg4).
	Field
	Size
	Description

	ID
	1
	Identifier for DCI formats

	FDRA
	
	Frequency Domain Resource Assignment

	TDRA
	4
	Time Domain Resource Assignment

	V2P
	1
	VRB-to-PRB mapping

	MCS
	5
	Modulation Coding Scheme

	NDI
	1
	New Data Indicator

	RV
	2
	Redundancy Version

	HARQ
	4
	HARQ process number

	DAI
	2
	Downlink Assignment Index – reserved

	TPC
	2
	TPC command for scheduled PUCCH

	RPI
	3
	PUCCH resource indicator

	P2H
	3
	PDSCH-to-HARQ_feedback timing indicator




MsgB processing time
In 4-step RACH the processing time between Msg4 reception and Msg4 HARQ-ACK feedback on PUCCH is NT,1 + 0.5 ms.
In [6], it is proposed to further discuss the processing time of MsgB, i.e. the time between the reception of MsgB PDSCH and the corresponding PUCCH for acknowledgement of MsgB.
Point of discussion 3.10.1
Time between the end of MsgB and start of the PUCCH resource used to carry the HARQ-ACK of MsgB.
	Company
	Comments on point of discussion 3.10.1

	Nokia
	Use the same formula as 4-step RACH: NT,1 + 0.5 ms.

	
	

	
	

	
	



2-Step RACH Configuration
2-step RACH only random access
In [3], it is proposed that it is possible to only configure one RACH type in a BWP.
Discuss further if it is possible to configure 2-step RACH without 4-step RACH in a BWP: [15].
In [19], it is proposed that network can configure only 4-step RACH or both 4-step RACH and 2-step RACH by SIB.
Point of discussion 4.1.1
Can 2-step RACH be configured in a BWP without 4-step RACH.
	Company
	Comments on point of discussion 4.1.1

	
	

	
	

	
	

	
	



RA Procedure Selection
In RAN1#98 [24], the following agreement was reached:

Agreements: 
· If a single RACH type is to be selected 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 selected.

The open point in this agreement is the type of SSB-based RSRP to use.
· In [3], it is proposed that latency should be also considered for random access procedure type selection.
· In [3], the case where only one RACH type is configured in a BWP part is considered. In this case, choosing a different RACH type, would require BWP switching. Hence, BWP operation should be considered jointly with RACH type selection.
· In [5], it is proposed that further criteria can be used to assist the UE determining the RACH type if the RSRP is above the threshold. This can be based on the traffic type, or a random value.
· In [10], it is proposed that the RSRP threshold for 2-step RACH procedure can be used for not only threshold for selection of SSB but also threshold for RACH type selection between 2-step RACH and 4-step RACH.
· In [12], it is proposed to the L3-SS-RSRP.
· In [18], it is proposed that RACH type selection can be based on link level measurements, latency requirements, system loading information and validation rules of msgA RO/PO.
· In [18], it is proposed that RACH type selection can happen at the beginning of the RACH procedure or after some re-attempts.

1.1 Sharing ROs between 2-step and 4-step RACH procedures
In RAN1#96bis [22], 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

Furthermore, the following agreement was reached in RAN1#98 [24]:Agreements:
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.


The open point is: In case of shared ROs between 2-step RACH and 4-step RACH whether all the 4-step RACH ROs are shared or only a subset of them.
· All 4-step RACH ROs are shared with 2-step RACH: [3], [12], [13], [14].
· A subset of the 4-step RACH ROs can be shared with 2-step RACH: [2], [10], [15], [19] (when PO and RO have the same periodicity), [23].
· In [15], the use case for supporting a subset of RACH ROs for 2-step RACH is NR-U such that the 2-step RACH RO is close enough to a PO to avoid a second LBT or use a short LBT.
As company views are divergent, further discussion during the meeting:
Point of discussion 4.3.1
In case of shared RO’s whether all 4-step RACH ROs are shared with 2-step RACH or only a subset of them.
Offline Proposal 4.3.2
Alt1: In case of shared ROs all 4-step RACH ROs are shared with 2-step RACH.
Supported by: Apple, Intel, Motorola, ZTE, QC, Nokia, Huawei, Pan
Alt2: In case of shared ROs a subset of 4-step ROs are shared with 2-step RACH.
Supported by: E//, SS. IDC (configurable)

	Company
	Comments on point of discussion 4.3.1

	
	

	
	

	
	

	
	



1.2 2-step RACH preamble formats
In RAN1#98 [24], the following agreement was reached:
Agreements:
· 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.

The open point is whether in case of separately configured ROs for 2-step RACH and 4-step RACH the 4-step RACH and 2-step RACH preambles can be different:
· In [1], [12], [23] it is proposed that the 2-step RACH and 4-step preambles are the same.
· In [2], [3], [14], [15], [19], it is proposed that the 2-step RACH and the 4-step RACH preambles can be different.
· In [12], it is proposed that for the MsgA PRACH configuration index, the network configures an offset from the starting index of the preamble format.
· In [23], it is proposed that a 5-bit value is used to indicate the PRACH configuration index.
As there is a clear majority support having separate preambles, the following proposal can be made:
Offline Proposal 4.4.1
For 4-step RACH and 2-step RACH with separately configured ROs, in the BWP, the preamble formats of 4-step RACH and 2-step RACH can be different.
Alternative proposal 1:
4-step RACH and 2-step with separately configured ROs, the same BWP have the same preamble format.
A different preamble format for 2-step RACH can be configured in a different BWP.
Alternative proposal 2:
For 4-step RACH and 2-step RACH with separately configured ROs, in a cell, the preamble formats of 4-step RACH and 2-step RACH are the same.


	Company
	Comments on point of discussion 4.4.1

	Nokia
	Our preference is to have the same preamble format for 2-step and 4-step RACH, as the preamble format is determined by cell characteristics (e.g. RTT and propagation loss) which are the same for 2-step and 4-step RACH. But given the majority view we can go with this proposal.

	
	

	
	

	
	



In [25], it is proposed that the numerology of PRACH in 4-step RA is the same as that of the 2-step preambles.
Offline Agreement 4.4.2

[bookmark: _Hlk22090988]For separately configured ROs, the 2-step RACH MsgA PRACH numerology reuses the corresponding 4-step RACH parameter (msg1-subcarrierSpacing).
	Company
	Comments on point of discussion 4.4.2

	
	

	
	

	
	

	
	



1.3 2-step RACH time domain configurations
In RAN1#98 [24], the following agreement was reached:

Agreements:
· 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.

The open point is whether additional configurations on top of those provided the PRACH configuration tables of TS38.211 are needed.
· In [2] (to be considered in future release), [3], it is proposed that there is no need for other PRACH configurations on top of those defined for 4-step RACH.
· In [10], it is proposed that additional configurations are adopted with separately configured ROs where 2-step RACH and 4-step RACH ROs are TDMed.
· In [12], it is suggested that additional configurations are needed for NR-U.
· In [15], it is suggested that PRACH configuration tables are not extended, but to further study if modified tables are needed.

In [2], it is proposed to further study the maximum time gap between MsgA PRACH and MsgA PUSCH, and that when configuring the ROs the time gap between PRACH and PUSCH should be considered.

Point of discussion 4.5.1
· Further study if additional PRACH configurations are needed in release 16, e.g. for NR-U

	Company
	Comments on point of discussion 4.5.1

	
	

	
	

	
	



1.4 SSB to RO association for 2-step RACH
In 4-step RACH, the association of the SSBs to ROs is determined by ssb-perRACH-OccasionAndCBPreamblesPerSSB. 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 case of separately configured ROs:
· [bookmark: _Hlk22091025]In [1], [12], it is proposed to introduce the parameter MsgA ssb-perRACH-OccasionAndCBPreamblesPerSSB, if is parameter is not configured the corresponding 4-step RACH parameter is used. Including CBPreamblesPerSSB in this parameter allows for the introduction of CFRA for 2-step RACH, similar to the way it is done for 4-step RACH.
· In [3], it is proposed that the ssb-perRACH-Occasion and CB-PreamblesPerSSB are separately configured for 2-step RACH.
· In [10], [15] it is proposed that the total number of preambles and the number of CBRA preambles are configure for 2-step RACH.
· In [15], it is proposed that the SSB to preamble mapping can be separately configure for 2-step RACH.

In case of shared ROs:
· In [3], it is proposed that the ssb-perRACH-Occasion is reused from 4-step RACH and CB-PreamblesPerSSB is separately configured for 2-step RACH.
· In [10], CBRA preambles in 2-step RACH can be part of the “other preambles” or the “4-step RACH CFRA preambles”.
· In [15], CFRA preambles on share ROs can be used for 2-step RACH or 4-step RACH.
Offline Agreement 4.6.1
For separately configured ROs, the parameter ssb-perRACH-OccasionAndCBPreamblesPerSSB configures the number of SSBs per RO, and number of contention-based preambles for each SSB. If this parameter is not configured, the corresponding 4-step RACH parameter is used for 2-step RACH.

Offline Agreement 4.6.2
For shared ROs, the parameter msgA-CB-PreamblesPerSSB configures the number of contention-based 2-step RACH preambles per SSB.
1.5 Other PRACH configuration parameters
These parameters are prach-RootSequenceIndex, zeroCorrelationZoneConfig, msg1-SubcarrierSpacing, restrictedSetConfig, totalNumberOfRA-Preambles and preambleTransMax. 
· In [1], it is proposed that for 2-step RACH, the parameters prach-RootSequenceIndex, zeroCorrelationZoneConfig, msg1-SubcarrierSpacing, restrictedSetConfig are those configured for 4-step RACH.
· In [1], it is proposed that totalNumberOfRA-Preambles is separately configured for 2-step RACH, if absent all 64 preambles in the RO are available for RA.
· In [1], it is proposed that preambleTransMax is separately configured for 2-step RACH, if absent the corresponding 4-step RACH parameter is used.
· In [15], it is proposed that the preamble configuration can be separately configured for 2-step RACH for separate ROs.
Offline Agreement 4.7.1
For 2-step RACH in separate ROs, the following parameters (prach-RootSequenceIndex, zeroCorrelationZoneConfig, restrictedSetConfig), are separately configured for 2-step RACH if absent reuse the corresponding 4-step RACH parameters.
Offline Agreement 4.7.2
For 2-step RACH in separate ROs, the parameter totalNumberOfRA-Preambles could be separately configured, if the configuration is absent, all 64 preambles are available for RA.

1.6 2-step RACH RO invalidation rules
In RAN1#98 [24], the following agreement was reached:
Agreements:
· The rules for a UE 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.
· Other options are not precluded

The open point in this agreement is in the case of separately configured ROs for 2-step RACH and 4-step RACH whether the 2-step RACH ROs are allowed to overlap the 4-step ROs and if this is allowed, what is the prioritization/invalidation rule.
· In [3], [12], [15], it is proposed that if 2-step RACH ROs overlap 4-step RACH ROs, the 2-step RACH ROs become invalid.
· In [4], [18], [20], [23], [24], it is proposed that the UE doesn’t expect that the 2-step and 4-step ROs overlap.
· In [3], it is proposed that the UE selects the ROs/preambles that are associated with valid POs.
· In [4], it is proposed that the invalidation rules for ROs and POs should be applied after the mapping between preambles and PRUs has been established. If the RO is valid, but the PO is invalid, one of following options can be selected: the RO is considered for 4-step RACH, or the RO is invalid.
· In [18], it is proposed that the validation for ROs and POs should be jointly considered.
· In [18], it is proposed that invalidation should consider a minimum gap before preamble transmission.

In [18], the invalidation rules for POs are presented, these are considered in the channel structure agenda item.
In [23], it is proposed that if a preamble cannot map to a (valid) PUSCH resource unit, it will be not used (i.e., become invalid), or still can be used just without PUSCH in the msgA.
Point of discussion 4.8.1
· Further discuss whether 2-step ROs can overlap 4-step ROs in case of separately configured ROs.
· If allowed, how to prioritize.

	Company
	Comments on point of discussion 4.8.1

	
	

	
	

	
	



Power Control
Preamble power control parameters
In RAN1#96bis [22], 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 [23], 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 [29]:

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: [1], [6], [9], [16].
· For shared ROs same parameter: [1], [3], [12].
· For separate ROs configure an offset between 2-step and 4-step RACH parameter: [3], [10].
· For separate ROs, separate parameter can be configured, if absent use the 4-step RACH parameter: [10], [12], [14], [15].

powerRampingStep:
· Same parameter for 2-step RACH and 4-step RACH: [6], [9].
· For shared ROs same parameter: [1], [3], [12]
· For separate ROs, separate parameter can be configured, if absent use the 4-step RACH parameter: [1], [10], [12], [14], [15], [16].
· For separate ROs configure an offset between 2-step and 4-step RACH parameter: [3], [10].

Furthermore, 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 Agreement 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#98bis, 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#98bis, 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 [22], the following agreement was reached
Furthermore, additional agreements where made in RAN1#97 [23] and [29]: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
 

In [18], 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.

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: [1], [5], [12], [16], [18].
Offline Agreement 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: [1], [5], [16], [17] (use alpha=1 if UE alpha not provided)
· Allow cell specific MsgA PUSCH alpha: [12], [15].
· Reuse msg3-Alpha for MsgA: [7]
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 Agreement 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:
· Configured separately from release 15 delta_preamble_msg3: [6]. 
· Delta_preamble_Msg3 is applicable to 2-step RACH, introduce an additional offset Delta_PUSCH: [7].
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.”

Closed-loop power adjustment state:
Reset the closed-loop power adjustment state for loop index l=0, when MsgA is transmitted: [17].

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.
This is the agreement from RAN1#97 [29]:
· 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
 

PRACH and PUSCH power ramping counters:
· Same counters: [1], [5], [7], [9], [10], [11], [12], [15], [16], [17].
· Separate counters: [3], [6].
PRACH and PUSCH power step size:
· Can be configured with different values: [1], [3], [5], [7], [10], [17].
· Same step size: [6], [9], [11], [12], [15], [16].
In [15], it is pointed out that the down selection of power ramping options depends on the retransmission scheme.
In [9], 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). (Feature lead note: I belive that this is the same as saying that the MsgA PRACH and MsgA PUSCH have the same power ramping step size and power ramping counter).
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#98bis to reach agreement.
Feature lead comment: Given the agreement in section 7.1, that the same Tx beam is used for MsgA PRACH and MsgA PUSCH, it would seem natural that the same counter is used for MsgA PRACH and MsgA PUSCH, i.e. if the counter is suspended it is suspended for both parts of MsgA, if incremented it is incremented for both parts of MsgA, It is also the majority view that MsgA PRACH and MsgA PUSCH use the same counter. The view on whether the step size is the same or not for MsgA PRACH and MsgA PUSCH is evenly.

In RAN1#98b, the target is to select one of the following proposals:

Offline Proposal 5.3.1a

For the power ramping component of MsgA PUSCH, same ramp up for MsgA PUSCH and MsgA PRACH, i.e.,
· 
· Where, MsgAPowerRampingStep, is the power ramping step size used for MsgA PRACH.

Supported by: Ericsson, SS, QC, Sony, ZTE, Intel, Nokia, DCM
Offline Proposal 5.3.1b

For the power ramping component of MsgA PUSCH, separate ramp up for MsgA PUSCH and MsgA PRACH, with the same counter, i.e.
· 
· Where, PUSCHPowerRampingStep, is the power ramping step size configured for MsgA PUSCH. If not configured, the power ramping step used from MsgA PRACH is also used for MsgA PUSCH.

Supported by: Huawei, LGE, CMCC

	Company
	Comments on MsgA PUSCH power ramping

	
	

	
	

	
	



Power reduction rule
Several contributions discussed power reduction rule for MsgA PRACH and MsgA PUSCH. 
Same priority for MsgA PRACH and MsgA PUSCH power reduction same as that of Msg1: [1], [11], [16].
In Pcell MsgA as a whole prioritized over other transmissions, in a cell other than Pcell, MsgA as a whole has the same priority as Msg1: [15].
MsgA PRACH and MsgA PUSCH follow different power reduction rules, as preamble and PUSCH in release 15 respectively: [9].
Offline Proposal 5.4.1
Alt1: For CA/DC MsgA PRACH and MsgA PUSCH have the same power reduction priority as Msg1 PRACH of the same cell.
Supported by: ZTE, Intel, 
Alt2: Power reduction in case of CA/DC (text highlighted is agreed text on top of existing spec):
· PRACH transmission or MsgA PRACH on the PCell 
· PUCCH transmission with HARQ-ACK information and/or SR or PUSCH transmission with HARQ-ACK information or MsgA PUSCH in Pcell with HARQ-ACK (if supported)
· PUCCH transmission with CSI or PUSCH transmission with CSI or MsgA PUSCH in Pcell with CSI (if supported)
· PUSCH transmission without HARQ-ACK information or CSI or MsgA PUSCH in Pcell without HARQ-ACK information or CSI.
· SRS transmission, with aperiodic SRS having higher priority than semi-persistent and/or periodic SRS, or
· PRACH transmission or MsgA PRACH or MsgA PUSCH (if supported – companies to check if contention based RA in scell supported in R15) on a serving cell other than the PCell
Supported by: Huawei

Offline Agreement 5.4.2
· For CA/DC MsgA PRACH in Pcell has the same power reduction priority as Msg1 PRACH in Pcell.
· FFS: Support of MsgA in Scell
· FFS: Power reduction priority for MsgA PUSCH


	Company
	Comments on offline proposal 5.4.1

	
	

	
	

	
	



Power control with fallback
In [1], it is proposed that UE should determine the msg3 power level based on the last msgA PUSCH transmission power in fallback mode.
In [1], 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 [3], it is proposed to reuse the power ramping step size and power ramping counter of 2-step RACH after falling back to 4-step RACH.
In [3], it is proposed that the power of Msg3 after fallback is based on the last transmission power [of MsgA PUSCH] and the TPC command received in the fallback RAR.
In [9], it is proposed that the preamble transmission counter and power ramping counter should continue counting when UE fallback to 4-step RACH procedure.
In [11], [13], [19] same power ramping counter is applied for 2-step RACH and 4-step RACH.
Offline Proposal 5.5.1

· In the case of fallback to 4-step RACH after ‘N’ MsgA transmissions, the power ramping continues from the last MsgA transmission power.
· FFS: Step size after fallback to 4-step RACH, is the same or different from 2-step RACH power ramping step size.

Offline Proposal 5.5.2
The parameter preambleTransMax could be separately configured for 2-step RACH, if the configuration is absent, the 4-step RACH configuration could be reused.

Offline consensus: to be decided by RAN2.

Offline Proposal 5.5.3

For the preamble power ramping step size after fallback down select from the following options:
· Alt1: 2-step RACH preamble step size,
· Alt2: 4-step RACH preamble step size
4-step RACH Fallback
Retransmission of MsgA
In RAN2#106 [26], 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.
· Separately configure the maximum number of transmissions of 2-step RACH: [10]
· If the MsgA PUSCH transmit power exceeds a threshold, the UE falls back to 4-step RACH: [12]
· Fallback to 4-step RACH after the maximum number of MsgA transmissions exceed msgATransMax: [10], [20]
· In [19], the following conditions for fallback to 4-step RACH are considered:
· 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 SSB-based RSRP goes below the configured criteria for the selection of 2-step RACH (even after MsgA (re)transmission(s))

Beam Operation
MsgA PRACH and MsgA PUSCH Tx beams
In RAN1#96bis [22], 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.



Same Tx beam for PUSCH and PRACH in the same MsgA transmission: [1], [3], [5], [9], [11], [12], [18].
Same or different Tx beams for PUSCH and PRACH in the same MsgA transmission (up to UE implementation): [6], [10], [13] (IDLE and INACTIVE UEs), [15].
The selected SSB index for MsgA PRACH and MsgA PUSCH is the same: [10].
Based on the majority view, we can have the same Tx beam for MsgA PRACH and MsgA PUSCH
Offline Proposal 7.1.1
For MsgA Tx beam selection in the same MsgA transmission instance:
· The MsgA PRACH and MsgA PUSCH use the same Tx spatial filter (beam).
	Company
	Comments on offline proposal 7.1.1

	
	

	
	

	
	




UL Tx beam and beam refinement during 2-step RACH procedure
In [12], 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.
	Company
	Point of discussion 7.2.1

	
	

	
	

	
	



UL Rx beam refinement during 2-step RACH procedure
Rx Beam refinement for MsgA PUSCH is proposed in [12], 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.
	Company
	Point of discussion 7.3.1

	
	

	
	

	
	

	
	



Proposals and observations by reference
[bookmark: _Ref8038609]Proposals and Observations from [1]
Proposal 1: For separate ROs configuration for 2-step and 4-step RACH, the RACH format of 2-step RACH should be same with that of 4-step RACH.
Proposal 2: Configure the ssb-perRACH-OccasionAndCBPreamblesPerSSB for 2-step RACH in separate ROs case.
Proposal 3: 2-step RACH parameters (prach-RootSequenceIndex, zeroCorrelationZoneConfig, msg1-SubcarrierSpacing, restrictedSetConfig) should keep the same with them of 4-step RACH. 
Proposal 4: 2-step RACH parameters (totalNumberOfRA-Preambles) could be separately configured in separate RO case, if the configuration is absent, all 64 preambles are available for RA.
Proposal 5: 2-step RACH parameters (preambleTransMax) could be separately configured, if the configuration is absent, the 4-step RACH configuration could be reused;
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 search space for msgB should be considered to distinguish msgB from legacy msg2.
Proposal 9: The relative time offset between the search space for msg2/4 and msgB could be configured to UE.
Proposal 10: In 2-step RACH, UE should provide HARQ-ACK feedback for the successful reception of successRAR if msgB contains the successRAR addressed to the specific UE even if the msgB also contains other UEs’ successRAR or fallbackRAR or backoff indication.
Proposal 11: The PUCCH resources to acknowledge the reception of successRARs in a single msgB should be UE-specific.
Proposal 12: 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 information of msgB.
Proposal 13: In 2-step RACH, HARQ-ACK response to the reception of successRARs in msgB should include ACK only.
Proposal 14:  The powerRampingStep can be separately configured for 2-step and 4-step RACH.
28. If the powerRampingStep is not configured for 2-step RACH, the powerRampingStep of 4-step RACH is used instead for 2-step.
Proposal 15: The preambleReceivedTargetPower for 2-step follows the same parameter of 4-step RACH.
Proposal 16: 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 17: There is no need to define the cell-specific MsgA PUSCH alpha for pathloss compensation.
Proposal 18: Separate ramp up for MsgA PUSCH and MsgA PRACH, with same counter is slightly preferable.
Proposal 19: For MsgA PUSCH power ramping, PUSCHpowerRamingStep could be used if configured, but if absent, MsgAPowerRampingStep is reused.
Proposal 20: UE should determine the msg3 power level based on the last msgA PUSCH transmission power in fallback mode.
Proposal 21: The retransmission power of msgA after fallback failure is based on the last msgA transmission power level. 
Proposal 22: MsgA PRACH and MsgA PUSCH have the same power reduction priority as Msg1 PRACH.
Proposal 23: The same msgA beam selection criterion could be used for first transmission and retransmission.
Proposal 24: For MsgA Tx beam selection, the MsgA PRACH and MsgA PUSCH use the same Tx spatial filter (beam).
Proposal 25: 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 [2]
 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 1: The maximum time gap between PRACH and PUSCH should be further discussed to meet the latency requirement for 2-step RACH.
Proposal 2: 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 3: Neither extended PRACH configuration tables nor new PRACH configuration tables are needed for 2-step RACH, additional PRACH configuration can be further studied as an optimised solution in the further release if there are available time.
Proposal 4: For the separate ROs case, the individual preamble format can be configured for 2-step RACH. 
Proposal 5: RA-RNTI enhancement should be considered for the reception of MsgA response to support the separate ROs configuration case.
Proposal 6: Support a subset of 4-step RACH ROs can be shared with 2-step RACH. The signalling overhead, the implementation complexity and the latency should be considered.
Proposal 7: 2-step UEs should resume the corresponding ROs invalid for 2-step RACH if there is overlap between the ROs configured for 2-step RACH and the ROs configured for 4-step RACH.
Proposal 8: At least in the case of initial access, individual CORESET/CSS can be configured for 2-step RACH. Default CORESET0 and 4-step RACH Type1-PDCCH CSS set can be used for 2-step RACH if they are not provided.
Proposal 9: 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 10: Only ACK as the HARQ-ACK response for MsgB is allowed to send back to the gNB by a UE that completes contention resolution successfully.
Proposal 11: Implicit PUCCH resource signaling based on DCI start CCE, PRI and PDSCH-to-HARQ_feedback timing indicator is used to indicate the PUCCH resource for HARQ-ACK feedback. The first UE determines a PUCCH resource based on the PRI and PDSCH-to-HARQ_feedback timing indicator in the DCI, other UEs implicit derivation the PUCCH resource based on position order of UE within MAC PDU.

Proposals and Observations from [3]
Observation 1: When there is power offset between preambles in the same RO, the preamble detection performance will degrade much.
Observation 2: 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. 

Proposal 1: In the case of shared ROs, all the 4-step RACH ROs are shared with 2-step RACH. 
Proposal 2: Additional PRACH configurations for 2-step RACH are not needed. 
Proposal 3: In the case of separate ROs, it is up to gNB implementation to decide whether the preamble formats of 2-step RACH and 4-step RACH are the same or different. 
Proposal 4: In the case of separate ROs, if a 2-step RACH RO overlap with any 4-step RACH RO in time and frequency, the 2-step RACH RO becomes invalid.
Proposal 5: In the case of shared ROs, the ssb-perRACH-Occasion of 4-step RACH is reused for 2-step RACH, and the CB-PreamblesPerSSB should be separately configured for 2-step RACH.
 Proposal 6: In the case of separate ROs, both ssb-perRACH-Occasion and CB-PreamblesPerSSB should be separately configured for 2-step RACH. 
Proposal 7: In the case of shared ROs, power control parameters of 2-step RACH preambles should follow that of 4-step RACH preambles.
Proposal 8: In the case of separate ROs, the offset values between power control parameters in 2-step RACH and corresponding parameters in 4-step RACH can be configured.
Proposal 9: For MsgA transmission, separate power ramping step size and power ramping counter for PRACH and PUSCH should be supported.
Proposal 10: In the case of fallback to 4-step RACH after ‘N’ MsgA transmissions, the power ramping step size and counter of 2-step RACH should be reused for 4-step RACH. 
Proposal 11: If FallbackRAR is received, the transmission power of Msg3 should be based on the last transmission power and TPC command of MsgA PUSCH in the FallbackRAR.
Proposal 12: Besides the radio quality, latency should also be considered for RACH type selection.
Proposal 13: When only 2-step RACH is configured on the active UL BWP, the BWP operation should be considered jointly with RACH type selection.
Proposal 14: When not all the POs are valid for UL transmission, the UE will only select the preambles or ROs associated with valid POs. 
Proposal 15: For 2-step RACH, the RAR window should start at the first symbol of the earliest CORESET the UE is configured to receive PDCCH for scheduling MsgB, and at least one symbol after the last symbol of MsgA PUSCH.
Proposal 16: An offset between RAR window lengths of 2-step RACH and 4-step RACH can be configured.  
Proposal 17: If different RNTI is not supported, different search space or same search space but different PDCCH candidates can be considered to distinguish MsgB from Msg2.
Proposal 18: The HARQ feedback for MsgB is ACK only, and sent by the UE receiving SuccessRAR containing its contention resolution identity.
Proposal 19: The TPC command and resource for PUCCH containing HARQ feedback for MsgB is indicated by PDSCH of MsgB.
Proposal 20:  The granularity of the time advance command should consider the following 3 options:
· Option1: The subcarrier spacing of MsgA PUSCH
· Option2: The subcarrier spacing of the first uplink transmission after the reception of MsgB
· Option3: The largest subcarrier spacing of both option1 and option2
Proposal 21:  The MsgA PRACH and MsgA PUSCH use the same transmit spatial filter.
Proposals and Observations from [4]
Proposal 1: The RNTI used for msgB (msgB-RNTI) should be different from RA-RNTI.
Proposal 2: msgB-RNTI should be obtained by adding an offset onto a basic 2-step RACH RA-RNTI. Whether the offset value is fixed or configurable is FFS.
Proposal 3: For separately configured 2-step RACH and 4-step RACH ROs, the UE is not expected that 2-step RACH ROs overlap with 4-step RACH ROs in time and frequency, i.e., Option 2 should be supported.
Proposal 4: The invalidation rule for the PUSCH occasions should be also defined. Furthermore, the invalidation rule for the ROs and the POs should be applied after the mapping between preambles and PUSCH resource units has been established.
Proposal 5: If a RO is valid but the associated PO is invalid, down select between the following options.
· Option 1: The RO can be used in the same way as that of 4-step RACH.
· Option 2: The RO is treated as being invalid.
Proposals and Observations from [5]
[bookmark: OLE_LINK10][bookmark: OLE_LINK9]Proposal 1: If the UE is configured with 2-step RA and the RSRP is below a configurable threshold, then the UE uses 4-step RA procedure; if the RSRP is above the configurable threshold, the RACH type can be selected on further criteria, such as UE’s traffic type or a random value broadcast by the network.
Proposal 2: HARQ for msgB is supported, and only ACK is transmitted when successRAR is detected. 
Proposal 3: Reuse MCS field in UL grant to indicate the retransmission of PUSCH. 
Proposal 4: Consider RNTI, CORESET/SS, or reserved bit in DCI to distinguish the RAR type.
Proposal 5: The RAR monitoring window starts at the earliest control resource set at least one symbol after the last symbol of the transmission of the PUSCH in msgA. FFS RAR monitoring window duration for 2-step RACH.
Proposal 6: For power control, confirm the WA for the transport format (ΔTF);
Cell-specific alpha is not needed;
Same counter and different power ramping steps for msgA preamble and PUSCH are preferred.
Proposal 7: Same QCL is assumed between the msgA preamble and the msgA PUSCH at the receiver side.
Proposals and Observations from [6]
Error! Reference source not found.
· PRI and PDSCH-to-HARQ_feedback timing indicator are indicated separately for each UE in PDSCH of MsgB.
Error! Reference source not found.
Error! Reference source not found.
Error! Reference source not found.
· At least the following content fields are included in the UL grant.
	UL grant content field for msgB with C-RNTI

	Frequency domain resource assignment

	Time domain resource assignment

	Frequency hopping flag

	Modulation and coding scheme 

	HARQ process number 

	TPC command for PUSCH 

	UL/SUL indicator


· Further discuss the other content field(s) and the number of bits for each content field
Error! Reference source not found.
Error! Reference source not found.
Error! Reference source not found.
Error! Reference source not found.
Error! Reference source not found.
Error! Reference source not found.
Proposals and Observations from [7]
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: 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 4: 
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 5: Delta_preamble_Msg3 is applicable for both 2-step RACH and 4-step RACH. Additional Delta_PUSCH is introduced for MsgA PUSCH.
Proposal 6: MsgB is feed back with HARQ-ACK by UE if the UE correctly decoded its RAR response.
The PUCCH resource for MsgB response is indicated by the PUCCH resource field in the UE’s RAR information.
Proposals and Observations from [8]
Proposal 1: Only ACK is needed in 2-step RACH.
Proposal 2: PUCCH resources are implicitly determined. 
Proposal 3: Soft combining is up to UE implementation.  
Proposals and Observations from [9]
Observation 1: reuse 1bit-‘DAI’ indication instead of DCI start CCE is beneficial. 
Observation 2: Full flexibility for PUCCH resource configuration for msgB can be obtained by having 4-bit indication in msgB.
Proposal 1: both direction 2 and 3 can be considered for further down-selection.
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: it’s up to UE implementation to transmit msgA PUSCH or other UL signal (PUCCH/PUSCH/SRS) if they are in the same slot or the gap between them are smaller than N symbols, FFS N value.
Proposal 4: The corresponding power control parameter of 2-step RACH preamble follows that of 4-step RACH preamble.
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: the preamble transmission counter and power ramping counter should continue counting when UE fallback to 4step RACH procedure.
Proposals and Observations from [10]
RACH type selection between 2-step RACH and 4-step RACH
Observation 1: 
· The parameter of RSRP threshold for the selection of the SSB (rsrp-ThresholdSSB) also should be applied for 2-step RACH
· The parameter represents not only threshold for selection of SSB but also threshold for RACH type selection between 2-step RACH and 4-step RACH as below:
· rsrp-ThresholdSSB for 2-step > rsrp-ThresholdSSB:
· UE can select RACH type either 2-step RACH or 4-step RACH when measured RSRP of SSB is over than rsrp-ThresholdSSB for 2-step.
· UE has to try 4-step RACH when measured RSRP of SSB is smaller than rsrp-ThresholdSSB for 2-step.
· If the threshold of SSB for 2-step RACH is not configured, UE follows the threshold of SSB for 4-step RACH.
Proposal 1:
· RSRP threshold for 2-step RACH procedure can be used for not only threshold for selection of SSB but also threshold for RACH type selection between 2-step RACH and 4-step RACH

PRACH Preamble configuration for 4-step RACH and 2-step RACH
Proposal 2:
· For configuration of 2-step RACH preamble in case of separated ROs, 
· The total number of preambles is configured if necessity.
· Preambles of CFRA for 2-step is derived automatically when parameter related with CBRA for 2-step RACH is configured.
· For configuration of 2-step RACH preamble in case of shared ROs, when total number of preambles except for other purposes (e.g. for SI request) is configured for 4-step RACH, select one alternative among following alternatives
· Alt.1: If the number of CBRA for 2-step is configured, the number of CFRA is automatically calculated when preambles of CBRA for 2-step is allocated in part of totalnumberOfRA-preambles. 
· Alt.2: If preambles for CBRA of 2-step is allocated in others, preamble of CFRA for both 2-step and 4-step RACH occupies remain part of totalnumberOfRA-preambles.



Subset ROs between 4-step and 2-step
Observation 2:
· If there is not enough resources for msgA PUSCH transmission, some ROs related with msgA PUSCH might be abandoned. It can happen that subset of 4-step RACH ROs can be shared with 2-step RACH.
Proposal 3:
· For shared ROs, it can be allowed that a subset of 4-step RACH ROs can be shared with 2-step RACH.
· It is not necessity to introduce an additional indication for representing subset ROs existence.

RACH configuration index and format
Observation 3:
· When ROs for 2-step RACH is FDMed with ROs for 4-step RACH, since it doesn’t affect each other, there is no reason to make additional configurations and it is up to network configuration.
· For the case that 2-step RACH is TDMed with ROs for 4-step RACH and separated ROs, some ways to avoid ROs for 4-step should be considered since there is lack of UL resources in accordance with DL/UL resource configuration.
Proposal 4:
· For the case that 2-step RACH is TDMed with ROs for 4-step RACH and separated ROs, some mechanism such as modifying some values such as periodicity, slot, etc. in 4-step RACH configuration table can be adopted.

Tx spatial filter for msgA PUSCH
Observation 4: 
· 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 5: 
· Regarding beam selection between msgA preamble and msgA PUSCH, allowing UEs to adjust their Tx spatial filter by themselves (option2) should be considered.
Observation 5: 
· 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 6: 
· In case of 2-step RACH, the selected SSB index for msgA preamble should be sustained for msgA PUSCH transmission.

msgA PUSCH configuration
Observation 6: 
· When one-to-one or multiple-to-one mapping is applied for 2-step RACH and there is enough gap between msgA preamble and msgA PUSCH, the latency will increase sharply when LBT for msgA PUSCH transmission is failed.

Power control for msgA preamble
Observation 7: 
· 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 8: 
· 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 9: 
· 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 7: 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

Power control for msgA PUSCH
Observation 10: 
· 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 8: 
· For msgA power control, adopt alt.3 which is separate ramp up for MsgA PUSCH and MsgA PRACH, with the same counter 
Proposal 9: 
· 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.

Distinction between msgB and msg2
Observation 11: 
· For distinguishing msgB and msg2, followings are observed for each alternatives:
· Alt.1: Configuring different CORESET
· Resources are required for additional CORESET.
· Depending on network condition (e.g. lack of bandwidth), it could not be possible to assign additional CORESET for 2-step RACH.
· Alt.2: Configuring different search space
· Search space can be separately configured for 2-step RACH and 4-step RACH based on using same CORESET (e.g. CORESET 0).
· Alt.3: Applying different RA-RNTI value
· Additional RNTI for random access is required.
Proposal 10: 
· Apply different RA-RNTI value for distinguishing msgB and msg2
· For msgB RA-RNTI, offset value (e.g. +1) is applied to starting OFDM symbol of RO in exiting formula of RA-RNTI.

Ambiguity of RA-RNTI
Observation 12: 
· For distinguishing the DCIs masked by same RA-RNTI, DCI or MAC message are considered to include indication bits.
· If MAC message is allowed to convey indication bits, followings are observed: 
· There might be a case that UEs try to decode MAC msgB to find their own message even though the messages are not transmitted for them.
· It causes power consumption for decoding MAC msgB and the time for decoding MAC msgB is also wasted.
Proposal 11: 
· The indication bits field for distinguishing the DCIs masked by same RA-RNTI is defined in DCI field.
· N-bits are used to indicate the time duration from the start of monitoring window (e.g. within 10ms, 20ms, 30ms, 40ms).

PUCCH resource configuration for HARQ-ACK
Observation 13: 
· For supporting HARQ feedback, following 4-step RACH rule (ACK only) is favorable since there is no problem even the rule is applied for 2-step RACH and the effort to modification of specification also can be reduced. 
Proposal 12: 
· In case of HARQ feedback for msgB, HARQ-ACK response for msgB should include only the information about ACK.
Observation 14: 
· To configure PUCCH resources for HARQ-ACK, There are three main ways to allow UE to determine their each PUCCH resource from the PUCCH resource set as shown below:
· Alt.1: PUCCH resource signaling in the MsgB PDSCH based on
· It is seen as best way to configure it clearly.
· It causes signaling overhead.
· Alt.2: PUCCH resource signaling in the DCI based on
· It is the simplest way and it requires lowest signaling overhead.
· It cannot provide configuration flexibility.
· Alt.3: Combination of DCI and msgB PDSCH
Proposal 13: 
· Both DCI and msgB PDSCH should be used to indicate PUCCH resource configuration of HARQ-ACK feedback for each UE as shown below:
· Common reference PUCCH resource index and timing indicator are indicated by DCI
· Each UE calculates their own PUCCH resource index implicitly (sequentially) on the basis of the reference PUCCH resource index.
· Through msgB PDSCH, offset values are individually configured for each UE and UEs can recognize which PUCCH resource is not available and skip the PUCCH resource index in accordance with the dedicated offset value.

Maximum number of msgA transmission
Proposal 14: 
· Separately configure the maximum number of transmission for 2-step RACH.
Observation 15: 
· 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 15: 
· 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]
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
· Channel quality based criterion is used to select different MsgA PUSCH configurations. 
Proposal 4
· Same Tx beam is applied for transmission of PRACH preamble and associated MsgA PUSCH. 
Proposal 5
· UCI on MsgA PUSCH is supported.
Proposal 6
· To differentiate Msg2 for 4-step and MsgB for 2-step RACH, a dedicated search space set for PDCCH monitoring for scheduling MsgB can be configured.
Proposal 7
· For MsgB scheduled by PDCCH scrambled with C-RNTI, HARQ-ACK feedback mechanism and corresponding PUCCH resource determination follow Rel-15 NR behavior.
· For MsgA with CCCH, for UE who receives successRAR in MsgB with matched contention resolution ID, PUCCH resource index  for each UE is explicitly indicated in successRAR to indicate PUCCH resource for HARQ-ACK feedback.
Proposals and Observations from [12]
We have the following observations and proposals on the MsgB design of the 2-step RACH procedure, 
Proposal 1: At least for the case when MsgA PRACH and MsgA PUSCH are in different slots the granularity of the TA command in MsgB is based on the subcarrier spacing of MsgA PUSCH according to Table 1.
[bookmark: _Ref21091664]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



Proposal 2: The MsgB (for SuccessRAR or FallbackRAR or backoff indicator) response window can start at the earliest CORESET the UE is configured to receive a PDCCH corresponding to MsgB (SuccessRAR or FallbackRAR or backoff indicator) that is at least one symbol after the last symbol of the PUSCH of the MsgA.
Observation 1: 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).
Observation 2: Send LS to RAN2 to inquire about the RNTI design of MsgB, as this can have an impact on the design of the Search Space.
Proposal 3: 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. This search space has no overlapping monitoring occasions with the Type1-PDCCH CSS.
· 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 4: Users in CONNECTED mode use UE specific search space, or common search space to receive the PDCCH associated with the SuccessRAR.
Proposal 5: The CORESET configured for 4-step RACH can be used for users in INACTIVE and IDLE modes as well as users in CONNECTED mode when receiving the FallbackRAR. Users in CONNECTED mode when receiving the SuccessRAR use the CORESET associated with the USS or CSS used to receive the corresponding PDCCH.
Proposal 6: The MsgB is scheduled by a DCI with a structure similar to the structure of the DCI scheduling Msg4.
Observation 3: The response to MsgA can be unicast to a single UE with the CRC of the PDCCH scrambled by the C-RNTI of that UE.
Observation 4: MsgB containing the successRAR and/or fallback RAR and/or backoff indicator can be group cast to multiple UEs with the CRC of the PDCCH scrambled by a common RNTI that is monitored by multiple UEs.
Observation 5: When the MsgA response is scheduled by a PDCCH with CRC scrambled by the C-RNTI, the regular HARQ procedure for a PDSCH scheduled by PDCCH with CRC scrambled by the C-RNTI is used.
Observation 6: 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 successRAR of the UEs from whom no HARQ-ACK feedback is received. There is a tradeoff between soft combining gain and single transmission coding gain.
Proposal 7: The network can indicate to the UE whether a MsgB retransmission has the same payload as that of a previous MsgB transmission,
Proposal 8: If the network indicates to the UE that a MsgB retransmission has the same payload as a previous MsgB transmission, it is up to UE implementation whether to perform soft combining.
Proposal 9: In 2-step RACH, each UE determines a unique HARQ-ACK resource to feedback the HARQ-ACK status of MsgB.
Proposal 10: The PUCCH resource for HARQ-ACK feedback when multiple UEs have successRAR in MsgB is based on common parameters in the DCI (i.e. CCE starting index, PUCCH Resource Indicator and PDSCH-to-HARQ_feedback timing indicator) as well as the position of the successRAR in MsgB.
We have the following proposal on the configuration of the 2-step RACH procedure, 
Proposal 11: The L3 SS-RSRP is the RSRP used for the determination of the random access procedure type.
Proposal 12: For 2-step RACH with separately configured ROs, the parameter msgASsb-perRACH-OccasionAndCB-PreamblesPerSSB-msgA can be configured. If this parameter is absent, the corresponding 4-step RACH parameter ssb-perRACH-OccasionAndCB-PreamblesPerSSB is used for 2-step RACH.

Proposal 13: Study additional 2-step RACH RO configurations for NR-U.
Proposal 14: 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 15: The 2-step RACH and 4-step RACH configured in the same cell have the same preamble format.
Proposal 16: The network configures the offset of MsgA PRACH configuration index relative to the starting index of the preamble format provided by the 4-step RACH prach-ConfigurationIndex.
Proposal 17: For separately configured 2-step RACH ROs, if 2-step RACH ROs overlap 4-step ROs, the overlapping 2-step RACH ROs become invalid.
We have the following observations and proposals on the power control of the 2-step RACH procedure, 
Proposal 18: 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 19: When the 2-step and 4-step RACH have separate PRACH resources (RO), then the PRACH received target power (preambleReceivedTargetPower) should be possible to be configured separately for 2-step and 4-step RACH.
Proposal 20: 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 7: 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 8: Full pathloss compensation has been shown to provide better performance than the case where fractional pathloss compensation is used (i.e., .
Observation 9: When the UE is in RRC IDLE, the used pathloss compensation (alpha) in the MsgA PUSCH power control should be cell specific.
Proposal 21: 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 22: The power ramping step and counter should be the same for the MsgA PRACH and PUSCH.
Proposal 23: 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 24: If the UE determines that the required transmit power of MsgA PUSCH retransmission exceeds a configured value or the maximum number of 2-step MsgA transmission attempts has been reached, the UE falls back to 4-step RACH.
Proposal 25: The number of allowed MsgA transmission attempts should be configurable up to 4 attempts.
Proposal 26: The total number of transmission attempts (2-step and 4-step fallback) should be configurable and have the same value ranges as in 4-step RACH.
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 able to decide on whether to use the same or different payloads during retransmission attempts of 2-step RACH.
We have the following observations and proposals on the beam management of the 2-step RACH procedure, 
Observation 10: The data part of MsgA has less coverage than the preamble part of MsgA. Data part of MsgA suffers a higher collision rate than the preambles of MsgA.
Observation 11: Using narrow beams can improve coverage and reduce the probability of collision at the expense of higher system overhead.
Proposal 31: 2-Step RACH supports beam refinement when receiving the data part of MsgA.
Proposal 32: For 2-step RACH, and for UEs in RRC CONNECTED state, the network configures CSI-RS resources that are QCL Type-D with the corresponding SS/PBCH blocks. Each preamble associated with a SS/PBCH Block indicates a CSI-RS resource QCLed with that SS/PBCH Block.
Observation 12: MsgA PUSCH provides an opportunity for UL beam refinement for UEs, in all RRC states, attempting the 2-step RACH.
Observation 13: MsgA PUSCH can have the same or different multiple DMRS ports configured, each transmitted with a different QCL.
Proposal 33: Introduce multiple beam formed reference symbols for the refining beam management operation in the UL.
Proposal 34: 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 35: 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.
Proposals and Observations from [13]
Proposal 1: In the Option to share ROs, all 4-step RACH ROs shall be shared with 2-step RACH..
Proposal 2: UE should provide HARQ-ACK feedback when the UE receives MsgB contains successRAR addressed to the UE.
Observation 1: HARQ retransmission for MsgB PDSCH should be supported when MsgB contains single successRAR with RRC message or MsgB is addressed to C-RNTI.
Proposal 3: The mechanism to indicate if this MsgB carries the same payload as previous MsgB should be introduced.
· NDI in DCI is used to be indicated if this MsgB PDSCH which is scheduled by the DCI carries the same payload as previous MsgB PDSCH.
Proposal 4: Common PUCCH resource parameters should be derived from the DCI for MsgB. UE-specific PUCCH resource parameters should be implicitly determined by MAC PDU of MsgB PDSCH.
Proposal 5: For the HARQ-ACK response to MsgB,
· Only ACK shall be included in the HARQ-ACK response in case of MsgB transmission with two or more successRARs in response to a MsgA with CCCH,
· Either ACK or NACK shall be included in the HARQ-ACK response in case of MsgB transmission with one successRAR in response to a MsgA with CCCH,
· Either ACK or NACK shall be included in the HARQ-ACK response in case of a downlink transmission with PDCCH addressed to C-RNTI in response to a MsgA with C-RNTI.
Proposal 6: How to differentiate between msgB for single successRAR and other msgB should be specified.
· Explicit indication using a parameter in the DCI or implicit indication using RNTI scrambling CRC attached to the DCI is an option for the differentiation.
Proposal 7: Dedicated CORESET and PDCCH CSS set configuration for 2-step RACH should not be mandated.
· 2-step RACH uses 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-step RACH uses UE-specific search space.
Proposal 8: DCI format 1_0 with CRC scrambled by MsgB-RNTI should be specified in addition to Rel-15 DCI formats.
Proposal 9: The DCI format 1_0 with CRC scrambled by MsgB-RNTI should be the same payload size as the DCI format 1_0 with CRC scrambled by RA-RNTI.
Proposal 10: MsgB-RNTI should be new RNTI which has different value from other RNTI such as RA-RNTI.
Proposal 11: 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 12: For RRC_INACTIVE/IDLE state, the MsgA PRACH and MsgA PUSCH should use the same or different Tx spatial filter (beam) up to UE implementation.
Proposals and Observations from [14]
RACH configuration between 2-step RACH and 4-step RACH
Proposal 1: For 4-step RACH and 2-step RACH with separately configured ROs, preamble format of 4-step RACH and 2-step RACH can be different.
Proposal 2: The network has the flexibility to configure the two options; Option 1) Separate ROs are configured for 2-step RACH and 4-step RACH and Option 2) Shared RO but separate preambles for 2-step RACH and 4-step RACH. If Option 2 is configured, all 4-step RACH ROs are shared with 2-step RACH.
Proposal 3: Parameters for transmit power control of PRACH preamble ( and powerRampingStep) should be configured separately at least for 2-step RACH and 4-step RACH with separately configured ROs.

HARQ support for Msg.A PUSCH
Proposal 4: HARQ combining between Msg.A PUSCH transmission and PUSCH transmission in fallback should be supported in the specification.  HARQ combining between Msg.A PUSCH initial transmission and retransmission(s) is not required to be supported as the specification.

HARQ support for Msg.B
Proposal 5: HARQ combining between Msg.Bs addressed by common-RNTI is not supported in the specification. HARQ combining between Msg.Bs addressed by C-RNTI should be supported in the specification. 
Proposal 6: For PUCCH resource determination when Msg.B PDCCH is addressed by some common-RNTI, down select from the following alternatives.
· Alt.1: Combination of Option 1.1, 2.2, and 3.1, i.e.,
· Common PUCCH resource parameter(s) are signalled in the DCI used to schedule Msg.B.
· The common PUCCH resource parameters can indicate the PUCCH resource of UE X.
· For common PUCCH resource signalled in the DCI, use the Rel.15 method.
· The PUCCH resource used for other than UE X is based on common PUCCH resource indication and implicit derivation.
· Alt.2: Combination of Option 1.1, 1.2, and 3.1, i.e.,
· Common PUCCH resource parameter(s) are signalled in the DCI used to schedule Msg.B.
· The common PUCCH resource parameters can indicate the PUCCH resource of UE X.
· For common PUCCH resource signalled in the DCI, use the Rel.15 method.
· The PUCCH resource used for other than UE X is based on common PUCCH resource indication and explicit indication in Msg.B PDSCH.
· Alt.3: Option 1.2, i.e.,
· PUCCH resource is only signalled in the Msg.B PDSCH.

TA
Observation 1: On the granularity of the TA command, either option (based on the subcarrier spacing of Msg.A PUSCH or based on the subcarrier spacing of UL BWP) can work.
Proposals and Observations from [15]
Observation 1 	Both the total number of 2-step RA preambles and the contention based 2-step RA preambles need to be configured similar to 4-step RA so that the remaining preambles per SSB are used for 2-step CFRA.
Observation 2 	The CFRA preambles on the RACH occasion used by both 2-step RACH and 4-step RACH are shared by 2-step RA and 4-step RA.
Observation 3 	Down-selection of power ramping schemes of msgA PUSCH and msgA preamble depends on the msgA retransmissions schemes.
Observation 4 	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 	Whether HARQ combining is required or not should be considered for the design of msgA PUSCH retransmission.
Observation 6 	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 7 	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.
Observation 8 	Only certain CSI resource configurations would be relevant for early CSI reporting on msgA.
Proposal 1	When 2-step ROs are separately configured, it’s not necessary to extend the rows of the PRACH configuration tables, further study whether modified tables are needed which may depend on how to support a subset of PRACH occasions for 2-step RACH. 
Proposal 2	When 2-step ROs are separately configured, it’s not necessary to require the PRACH format used by 2-step RA to be the same as that used by 4-step RACH.
Proposal 3	Support that a subset of configured 2-step ROs are valid for 2-step RA.
Proposal 4	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 5	When ROs are separately configured for 2-step RA and 4-step RA, the preamble configuration and the SSB to preamble mapping for 2- and 4-step RA can be separately configured.
Proposal 6	Option 2 is selected regarding the TX beam of the uplink transmissions in 2-step RA.
Proposal 7	Option 1 is applied for the power control of the msgA preamble.
Proposal 8	Cell-specific MsgA PUSCH alpha can be configured.
Proposal 9	The msgA transmission as a whole on the PCell is prioritized over other channels in the power reduction priority ordering.
Proposal 10	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 11	Support msgA PUSCH retransmissions/reattempts without HARQ combining considering the complexity and resource overhead of msgA PUSCH reception.
Proposal 12	Support msgA PUSCH only retransmissions via a dynamic grant in a message in response to a failed msgA PUSCH reception, where HARQ combining can be supported.
Proposal 13	Frequency hopping should be supported for msgA PUSCH transmissions.
Proposal 14	At least intra-slot frequency hopping should be supported for msgA PUSCH transmissions.
Proposal 15	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 16	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 17	Inform RAN2 that 500 and 1000 bit packet sizes appear feasible with high coverage in some scenarios such as UMi 200m ISD.
Proposal 18	CSI request indication configured in system information for CSI report on msgA PUSCH should be supported.
Proposal 19	CSI reports carried as UCI multiplexed in msgA PUSCH are supported.
Proposal 20	CSI is reported on msgA according to CSIReportConfig if it is configured, otherwise a default report configuration is used.
Proposal 21	ra-SearchSpace provided in PDCCH-ConfigCommon is used for msgB PDCCH monitoring, and if it’s not defined, the msgB is not expected to be received in the BWP.
Proposal 22	NACK feedback can be supported for msgB when a single UE’s RAR is carried in msgB and if the corresponding RNTI is UE specific or preamble specific or C-RNTI.
Proposal 23	For the HARQ feedback of msgB with single UE’s RAR, the PUCCH resource is determined in the same way as release 15 when no dedicated PUCCH resource is available.
Proposal 24	For the HARQ feedback to msgB with multiple UE’s RARs multiplexed, the  PUCCH resource is determined by the pucch-ResourceCommon when no dedicated PUCCH resource is available as in Rel-15.
•	FFS on increasing the number of PUCCH resources corresponding to a pucch-ResourceCommon, e.g. association of a CS index to a group based on Msg A properties.
Proposal 25	msgB soft combining can be supported when NACK is transmitted to network for the case that single UE is carried in one msgB.
Proposal 26	A separate list of parameters is needed in DCI format 1-0 with CRC scrambled by msgB-RNTI or a common RNTI.
Proposal 27	Further discuss whether a BWP with 2-step only should be possible which will affect the RRC parameter definition for 2-step RACH.
Proposals and Observations from [16]
Proposal 1: If UE detects the MsgB with C-RNTI, UE provides the HARA-ACK feedback, including ACK or NACK; if UE detects the contention resolution ID in MsgB with common-RNTI, UE should provide the ACK feedback, otherwise NACK should not be sent.
Proposal 2: If UE detects the contention resolution ID in MsgB with common-RNTI, UE use PUCCH resource indicator field and PDSCH-to-HARQ_feedback timing indicator field in successRAR to determine the resource for PUCCH transmission.
Proposal 3: Soft combing is only valid for UE that MsgB PDCCH is addressed by C-RNTI, otherwise the soft combing is not supported.
Proposal 4: support the same power ramp up for MsgA PRACH and MsgA PUSCH, including the same both power ramping counter and power ramping step.
Proposal 5: 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 6: Don’t define the cell-specific alpha. If UE-specific alpha is not available, alpha=1 is used for MsgA PUSCH pathloss compensation.
Proposal 7: Regarding RACH preamble power control, for both shared ROs and separated ROs, the preamble power control parameter preambleRecievedTargetPower is the same as 4-step RACH, the parameter powerRampingStep is separately configured.
Proposal 8: For priority rule on power deduction, MsgA PUSCH should share the same priority as PRACH transmission on PCell.
Proposals and Observations from [17]
Proposal 1: In 2-step RACH, a CSI request can be included in a successRAR of MsgB PDSCH.
Proposal 2: NR supports multiplexing a CSI report triggered by a successRAR in a PUCCH resource carrying HARQ-ACK information of the successRAR.
Proposal 3: NR supports more than one common PUCCH resource set configuration for 2-step RACH. 
Proposal 4: PDSCH-to-HARQ-ACK feedback timing for MsgB is determined based on a PDSCH-to-HARQ-ACK feedback timing indicator field in DCI and UE-specific timing offset explicitly indicated in MsgB PDSCH. 
Proposal 5: gNB can enable or disable support of UE’s HARQ combining of MsgB PDSCH via higher-layer signaling.
Proposal 6: Reset the closed-loop power adjustment state (for loop index l=0), whenever MsgA is transmitted.
Proposal 7: If a UE-specific alpha for MsgA PUSCH is not configured, a UE should assume that alpha = 1.
Proposal 8: Support Alt3 (i.e. separate ramp up for MsgA PUSCH and MsgA PRACH, with the same counter)
Proposals and Observations from [18]
Proposal 1:  A new group RNTI can be defined for msgB PDCCH transmitted in CSS: 
msgB-RNTI= RA-RNTI+14 × 80 × 8 × 2 ×(mod(rf_id,2)+1)
wherein rf_id  is the radio frame number associated with msgB PDCCH transmission occasion.

Proposal 2:  Support at least the following contents in msgB PDCCH and PDSCH:
[image: ]

Proposal 3:  For RRC IDLE/INACTIVE UEs sharing the same RO, their SuccessRAR and FallbackRAR can be aggregated and mapped to the same msgB PDSCH. The scheduling information for this msgB PDSCH is carried by the msgB GC-PDCCH, whose CRC is scrambled by msgB-RNTI. The FallbackRAR of a RRC CONNECTED UE can also be aggregated with the SuccessRAR/FallbackRAR of IDLE/INACTIVE UE, if these UEs share the same RO. 
Proposal 4: 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 PDSCH.
· msgA can be re-transmitted if the UE does not receive its RAR (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 5: Support the following rules for RACH type selection:
· RACH type selection can be based on link level measurements, system loading information, latency requirements and validation rules of msgA RO/PO;
· RACH type selection can be supported at the beginning of a RACH procedure, or after the re-attempts for two-step/four-step RACH reaches its upper bound configured by the network;
· UE will perform two-step RACH if a valid RO and a valid PO can be found;
· If UE can find a valid RO for two-step RACH but cannot find a valid PO, UE can either switch to four-step RACH, or transmit a msgA preamble only on the valid RO;
· If UE can find a valid PO for two-step RACH but cannot find a valid RO for two-step RACH, UE can either switch to four-step RACH, or wait for the next transmission occasion for two-step RACH.
Proposal 6:  Support the following rules for RO validation in two-step RACH:
· RO validation in two-step RACH needs to be jointly considered with PO validation. 
· A valid RO for two-step RACH should consider at least the minimum gap before msgA preamble transmission, the criterion for two-step RACH type selection and the compatibility with slot format. 
· For ROs separately configured for two-step RACH:
· partial or full overlapping with ROs configured for four-step RACH is invalid;
· partial or full overlapping with POs configured for two-step RACH is invalid;
· such invalid RO configuration can be avoided by network, and is not expected by UE.
Proposal 7: RACH type selection can be based on link level measurements, system loading information and validation rules of msgA RO/PO. RACH type selection can be supported at the beginning of a RACH procedure, or after the re-attempts for two-step/four-step RACH reaches its upper bound configured by the network.
Proposal 8:  UE should transmit a HARQ ACK to gNB, if UE can successfully detect the contention resolution ID and  has a valid TA. UE should not transmit an ACK/NACK to gNB, if UE does not have a valid TA or fails to detect the contention resolution ID.
· FFS LBT procedures and waveform for NR-U to support HARQ feedback to msgB.
Proposal 9:  HARQ ACK to msgB SuccessRAR can be transmitted on PUCCH. The following designs should be supported:
· The numerology, waveform, BWP and TX spatial filter configuration for PUCCH re-use the same configuration of the last msgA PUSCH transmission/retransmission. 
· Short PUCCH formats of NR Rel-15 are prioritized.
· Both open loop and closed-loop power control are supported.
Proposal 10:  For UE in RRC IDLE/INACTIVE state, the resource indication and TPC for PUCCH can be carried in SuccessRAR/msgB PDSCH. For UE in RRC CONNECTED state, the resource indication and TPC for PUCCH can be carried in DCI/msgB PDCCH.  
Proposal 11:  The starting point of the msgB RAR window should be aligned with the first PDCCH symbol in the earliest search space of msgB PDCCH. 
Proposal 12: Whether or not to support soft-combining of msgB retransmission is up to UE implementation.
Proposal 13: 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 14: 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 15: 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 16: Allow configuration of POs with slot repetition, and allow different repeated slots to use different transmit beams.
Proposal 17: Allow UCI reporting in msgA.
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: 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 SSB-based RSRP goes below the configured criteria for the selection of 2-step RACH (even after MsgA (re)transmission(s))
Proposal 3: If only same configuration periodicity between MsgA PRACH and PUSCH is supported, it should be considered that a subset of 4-step RACH ROs can be shared with 2-step RACH, so that MsgA PO can be allocated appropriately.
Proposal 4: In case of separately configured ROs with 4-step RACH and 2-step RACH, preamble format should be able to be configured separately for 4-step RACH and 2-step RACH.
Proposal 5: 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 6: 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 7: The power ramping counter should be common between 2-step RACH and 4-step RACH.
Proposals and Observations from [20]
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: It is easy to configure 2-step RACH ROs which are fully separated with 4-step RACH ROs with the TABLE of PRACH configurations in time-domain. 
Proposal5: It is suggested to make the configuration that time-domain PRACH resources based on the 2-step PRACH-configuration index are orthogonal to the time-domain PRACH resources based on the 4-step PRACH-configuration index. 

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.
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-   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:   o   Option 1: Using the same payload for MsgA PUSCH.   o   Option 2: MsgA PUSCH payload can be different.   o   FFS: Conditions for MsgA   retransmission and relation to fall back.   -   FFS: retransmission of PUSCH only.   -   FFS: retransmission of PRACH only.  

