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1. [bookmark: OLE_LINK58][bookmark: OLE_LINK57]Introduction
[bookmark: OLE_LINK99][bookmark: OLE_LINK98]In RAN1#98bis meeting and email discussion after the meeting, lots of agreements of 2-step RACH procedures have been achieved [1] which can be found in the appendix. 
In this contribution, we continue to discuss the remaining issues of 2-step RACH procedure. The main remaining topics of 2-step RACH procedure consists of subset ROs in PRACH configuration, RO invalidation rule, value ranges of configuration parameters, detail of PUCCH resource indication for msgB HARQ-ACK, DCI format design, NR-U LSB of SFN in DCI, the PRACH and PUSCH ramping counter, power reduction rule, and other related 2-step RACH procedure issues.
2. MsgA
2.1. Subset of sharing ROs in PRACH Configurations
From email discussion after RAN1#98bis meeting, we have an agreement on subset of 4-step RACH ROs shared with 2-step RACH.
	Email approved:
In case of shared ROs, a subset of ROs associated with the same SS/PBCH block index, within an SSB-RO mapping cycle, can be shared.
· msgA-ssb-sharedROmaskindex indicates the subset of 4-step RACH ROs shared with 2-step RACH, if not configured then all 4-step RACH ROs are shared with 2-step RACH.
· Note that: msgA-ssb-sharedROmaskindex are based on the mask index values defined in Table 7.4-1, 38.321.
· Note: The number of ROs associated with the same SS/PBCH block index is given by ceiling (1/ssb-perRACH-Occasion). The msgA-ssb-sharedROmaskindex is configured when there are more than one ROs per SSB and shared by all the SSBs
· Note: Same SSBs are mapped to the shared RO for 2-step RACH and 4-step RACH.
· FFS: For NR-U, whether a subset of ROs can only be valid for 2-step RACH via specifying some invalidation rules or modifying the PRACH configuration table (to be discussed and decided in RAN1#99)



The FFS issue is whether a subset of ROs can only be valid for 2-step RACH via specifying some invalidation rules or modifying the PRACH configuration table in NR-U case.
In RAN1#98bis meeting, the CP extension functionality is agreed as below in NR-U session:

	Agreement:
· For the CP extension prior to at least a dynamically scheduled PUSCH transmission, the CP extension is located in the symbol(s) immediately preceding the PUSCH allocation indicated by SLIV. The supported durations for CP extension at the UE are: 
· 0 (i.e. no CP extension) 
· C1*symbol length – 25 us 
· C2*symbol length – 16 us - TA 
· C3*symbol length – 25 us – TA
· C1=1 for 15 and 30 kHz SCS, C1=2 for 60 kHz SCS
· FFS: Whether C2/C3 is fixed or implicitly derived based on TA for each subcarrier spacing
· The N2 timeline (UL grant to PUSCH delay) needs to be relaxed to take the CP extension into account
· FFS: Whether the limit as per the previous agreement bounding the resulting CP extension to be less than or equal to one symbol for the given subcarrier spacing should be relaxed
· FFS: Applicability of this to other UL transmissions
· FFS: Whether the number of durations for CP extension that the UE can be signalled dynamically can be configured



It means the CP extension of PUSCH can precede the allocation PUSCH resource even though crossing the slot boundary. It can keep the gap between the PUSCH and previous transmission less than 16us or 25us.
Although the agreement is applied to dynamically scheduled PUSCH transmission, the principle of CP extension can also be adopted to the msgA PUSCH. This function can guarantee the gap between the PRACH and PUSCH less than the 16us and avoid additional LBT for PUSCH.
The legacy PRACH configuration index which has only one RO in a RACH slot and the gap between the end of RO and end of RACH slot not more than 1 symbol could be considered for NR-U case.
[image: ]
Figure 1 CP extension of PUSCH after RACH format A2 with index 92

For example, some indices in table 6.3.3.2-3 in 38.211 are suitable for NR-U case.
Table 6.3.3.2-3: Random access configurations for FR1 and unpaired spectrum. 
	PRACH
Configuration 
Index
	Preamble format
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	Subframe number
	Starting symbol
	Number of PRACH slots within a subframe
	[image: ],
number of time-domain PRACH occasions within a PRACH slot
	[image: ],
PRACH duration

	92
	A2
	2
	1
	7,9
	9
	1
	1
	4

	93
	A2
	2
	1
	4,9
	9
	1
	1
	4

	100
	A2
	1
	0
	9
	9
	1
	1
	4

	105
	A2
	1
	0
	7,9
	9
	1
	1
	4

	109
	A2
	1
	0
	0,1,2,3,4,5,6,7,8,9
	9
	1
	1
	4

	113
	A3
	2
	1
	4,9
	7
	1
	1
	6

	114
	A3
	2
	1
	7,9
	7
	1
	1
	6

	123
	A3
	1
	0
	9
	7
	1
	1
	6

	128
	A3
	1
	0
	7,9
	7
	1
	1
	6

	132
	A3
	1
	0
	0,1,2,3,4,5,6,7,8,9
	7
	1
	1
	6

	147
	B4
	4
	1
	9
	2
	1
	1
	12

	149
	B4
	2
	1
	9
	2
	1
	1
	12

	150
	B4
	2
	1
	7,9
	2
	1
	1
	12

	151
	B4
	2
	1
	4,9
	2
	1
	1
	12

	160
	B4
	1
	0
	9
	2
	1
	1
	12

	162
	B4
	1
	0
	4,9
	2
	1
	1
	12

	163
	B4
	1
	0
	7,9
	2
	1
	1
	12

	165
	B4
	1
	0
	3,4,8,9
	2
	1
	1
	12

	166
	B4
	1
	0
	1,3,5,7,9
	2
	1
	1
	12

	168
	B4
	1
	0
	0,1,2,3,4,5,6,7,8,9
	2
	1
	1
	12

	195
	C2
	2
	1
	7,9
	8
	1
	1
	6

	196
	C2
	2
	1
	4,9
	8
	1
	1
	6

	199
	C2
	8
	1
	9
	8
	2
	1
	6

	200
	C2
	4
	1
	9
	8
	1
	1
	6

	202
	C2
	1
	0
	9
	8
	1
	1
	6

	206
	C2
	1
	0
	7,9
	8
	1
	1
	6

	210
	C2
	1
	0
	0,1,2,3,4,5,6,7,8,9
	8
	1
	1
	6


 
The above indices are sufficient for NR-U 2-step RACH. It is not necessary to use the subset of ROs via specifying some invalidation rules or modifying the PRACH configuration table.

Proposal 1: No need to use subset of ROs for 2-step RACH via specifying some invalidation rules or modifying the PRACH configuration table.

2.2. RO invalidation rule
In RAN1#98 meeting [2], we have a remaining FFS issue about the RO invalidation rule.
	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


There are two options about the invalidation rule when 2-step RACH ROs overlap with 4-step RACH ROs in time and frequency. 
From gNB aspect, as the RO configuration is based on the PRACH configuration index, there is huge limitation on the PRACH configuration to avoid 2-step RACH ROs overlapping with 4-step RACH ROs. So we prefer option1 that if the collision happens, the 2-step RACH ROs become invalid.

Proposal 2: 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, the 2-step RACH ROs become invalid.

2.3. Value ranges of configuration parameters of msgA PRACH
There are some RRC parameters could be separately configured, for example, msgA-prach-ConfigurationIndex, msgA-RO-FDM, msgApreamble-powerRampingStep, msgA-CB-PreamblesPerSSB, msgA-ssb-sharedROmaskindex etc.
The relative agreements about msgA-prach-ConfigurationIndex are:
	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.
· 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.


As if 2-step RACH is not configured, 2-step RACH reuses the corresponding 4-step RACH parameter and no positive agreement on adding the new row in the index table, it is reasonable to reuse the value range of 4-step which is INTEGER (0..255). 

The relative agreements about msgA-RO-FDM are:
	Agreements:
In case of 4-step RACH and 2-step RACH with separately configured ROs, for the frequency domain location of the PRACH occasions of 2-step RACH,
· Network can configure separate msg1-FDM and msg1-FrequencyStart for the 2-step RACH ROs
· If any of these parameters is not configured for 2-step RACH, 2-step RACH reuses the corresponding 4-step RACH parameter.


We can also reuse that value range of 4-step RACH which is ENUMERATED {one, two, four, eight}.

The relative agreements about msgApreamble-powerRampingStep are:
	Agreements:
For shared ROs with 4-step RACH and 2-step RACH,  
· The powerRampingStep and preambleReceivedTargetPower for 2-step RACH are indicated by those for the 4-step RACH.
Agreements:
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.
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.


There is no reason to extend or shrink the value range from that of 4-step RACH. We can also reuse that value range of 4-step RACH which is ENUMERATED {dB0, dB2, dB4, dB6}.

The relative agreements about msgA-CB-PreamblesPerSSB are:
	Agreements:
For shared ROs, the parameter msgA-CB-PreamblesPerSSB configures the number of contention-based 2-step RACH preambles per SSB.
For shared ROs with 4-step RACH and 2-step RACH configured with separate preambles:
· 2-step RACH preambles are allocated from the non-CBRA preambles associated with each SSB.


This parameter is only for shared ROs case. As we have no any restriction on msgA-CB-PreamblesPerSSB, for example, it is not obliged to be multiple of 4 in agreement. It is only affected by the ssb-perRACH-OccasionAndCB-PreamblesPerSSB and be the complement set of 4-step RACH preambles. So the msgA-CB-PreamblesPerSSB can any value:
{
INTEGER (0..60) in case of N<=1; 
INTEGER (0..28) in case of N=2;
INTEGER (0..15) in case of N=4;
INTEGER (0..7) in case of N=8;
INTEGER (0..3) in case of N=16;
}

Corresponding to the ssb-perRACH-OccasionAndCB-PreamblesPerSSB of 4-step CBRA:
ssb-perRACH-OccasionAndCB-PreamblesPerSSB CHOICE {
oneEighth ENUMERATED {n4,n8,n12,n16,n20,n24,n28,n32,n36,n40,n44,n48,n52,n56,n60,n64},
oneFourth ENUMERATED {n4,n8,n12,n16,n20,n24,n28,n32,n36,n40,n44,n48,n52,n56,n60,n64},
oneHalf ENUMERATED {n4,n8,n12,n16,n20,n24,n28,n32,n36,n40,n44,n48,n52,n56,n60,n64},
one ENUMERATED {n4,n8,n12,n16,n20,n24,n28,n32,n36,n40,n44,n48,n52,n56,n60,n64},
two ENUMERATED {n4,n8,n12,n16,n20,n24,n28,n32},
four INTEGER (1..16),
eight INTEGER (1..8),
sixteen INTEGER (1..4)

The relative agreements about msgA-ssb-sharedROmaskindex are:
	Agreements: [Email approval]
In case of shared ROs, a subset of ROs associated with the same SS/PBCH block index, within an SSB-RO mapping cycle, can be shared.
· msgA-ssb-sharedROmaskindex indicates the subset of 4-step RACH ROs shared with 2-step RACH, if not configured then all 4-step RACH ROs are shared with 2-step RACH
· Note that: msgA-ssb-sharedROmaskindex are based on the mask index values defined in Table 7.4-1, 38.321.
· Note: The number of ROs associated with the same SS/PBCH block index is given by ceiling(1/ ssb-perRACH-Occasion). The msgA-ssb-sharedROmaskindex is configured when there are more than one ROs per SSB and shared by all the SSBs
· Note: Same SSBs are mapped to the shared RO for 2-step RACH and 4-step RACH.
· FFS: For NR-U, whether a subset of ROs can only be valid for 2-step RACH via specifying some invalidation rules or modifying the PRACH configuration table (to be discussed and decided in RAN1#99)


From the note, msgA-ssb-sharedROmaskindex are based on the mask index values defined in Table 7.4-1, 38.321. As there are 5 reserved index for future enhancement, the total value range of index doesn’t need to extend. The value range of msgA-ssb-sharedROmaskindex can be INTEGER (0..15). 
  
Proposal 3: the value range table of some 2-step RACH parameters could be:
	Parameter
	Value Range

	msgA-prach-ConfigurationIndex
	INTEGER (0..255)

	msgA-RO-FDM
	ENUMERATED {one, two, four, eight}

	msgApreamble-powerRampingStep
	ENUMERATED {dB0, dB2, dB4, dB6}

	msgA-CB-PreamblesPerSSB
	INTEGER (0..60) in case of N<=1; 
INTEGER (0..28) in case of N=2;
INTEGER (0..15) in case of N=4;
INTEGER (0..7) in case of N=8;
INTEGER (0..3) in case of N=16;

	msgA-ssb-sharedROmaskindex
	INTEGER (0..15)



3. MsgB
3.1. Details of PUCCH resource for MsgB ACK feedback
In RAN2#107bis meeting agreements [3], contents of successRAR consist of:
	Agreements:
The 12-bit TA command, 16-bit C-RNTI and 48-bit UE Contention Resolution Identity are included in successRAR MAC subPDU.



In RAN1#98bis meeting, we have a lot agreements on HARQ-ACK for msgB. Some agreements are related to the design of PUCCH resources.
	Agreements:
· A UE shall provide HARQ-ACK feedback if it receives a MsgB that contains a successRAR addressed to this UE.
Agreements:
For the PUCCH Resource index used for the HARQ-ACK feedback of a user that finds its contention resolution ID in the successRAR with a PDSCH scheduled by a PDCCH that has a CRC scrambled with the MsgB-RNTI, down-select the following alternatives:
· Alt1: PUCCH Resource Index is only signalled explicitly in the successRAR
· Number of bits used to indicate PUCCH resource index is [FFS 3 or 4] bits.
Alt2: PUCCH Resource Index is determined implicitly based on a reference PUCCH resource index derived from the DCI as in release 15 and UE-based implicit rule.
· FFS: Use 1-bit of reserved DAI instead of CCE start index.
· Alt3: PUCCH resource index is determined based on a reference PUCCH resource index derived from DCI as in release 15 and UE-based offset value indicated in the successRAR.
Agreements:
The PUCCH Time resource “PDSCH-to-HARQ_feedback timing indicator”, in unit of slot, used for the HARQ-ACK feedback of a user that finds its contention resolution ID in the successRAR with a PDSCH scheduled by a PDCCH that has a CRC scrambled with the MsgB-RNTI down-select from the following alternatives:
· Alt1: PDSCH-to-HARQ_feedback timing indicator is only signalled in the successRAR
· Number of bits used to indicate the PDSCH-to-HARQ_feedback timing indicator is 3 bits.
· Alt2: A single PDSCH-to-HARQ_feedback timing indicator is used as indicated in the MsgB DCI
· Alt3: The PDSCH-to-HARQ_feedback timing indicator is determined implicitly
· FFS: Implicit determination rule.
· Alt4: PDSCH-to-HARQ_feedback timing indicator is signalled by the DCI and UE-based offset value indicated in the successRAR.
Email approved agreements:
For 2-step RACH MsgB HARQ-ACK, reuse Rel-15 PUCCH resources based on pucch-ResourceCommon
No RRC impact
No additional resources compared with Rel-15



When UE successfully receives its successRAR, the acknowledgment of the reception of successRAR should be reported to gNB. This feedback should be contained in PUCCH just as Rel-15 has used common PUCCH for msg4 reception feedback. The PUCCH resources should be UE-specific so that gNB can distinguish the ACK from different UEs whose successRARs are multiplexed.
In Rel-15 RACH procedure, the UE transmits HARQ-ACK for the msg4 reception. Its PUCCH resource set is provided by pucch-ResourceCommon. UE determines the PUCCH resource in the resource set depending on the PUCCH resource indicator field (PRI) in the DCI for msg4, and the starting CCE index of the corresponding PDCCH. The calculation of PUCCH resource index follows the equation:

Where  ,  is a number of CCEs in a control resource set of a PDCCH reception conveying the DCI format 1_0 or DCI format 1_1,  is the index of a first CCE for the PDCCH reception, and  is a value of the PUCCH resource indicator field which has 3 bits in the DCI format 1_0 or DCI format 1_1.
The msg4 DCI also provides the slot timing information by parameter PDSCH-to-HARQ_feedback timing indicator.
As msg4 is for the specific UE, the PUCCH resource derived from the msg4 DCI is for specific UE and gNB will not confuse the PUCCH resources with that of other UEs.
But for msgB in 2-step RACH, it is possible that single msgB contains multiple successRARs for several UEs, from the related PUCCH resource indication in msgB DCI, the PUCCH resources for multiple UEs are overlapped and gNB can’t distinguish the PUCCHs resources of different UEs. So the individual and disjoint PUCCH resources should be determined for all UEs whose successRARs are multiplexed in a single msgB.

Proposal 4: The PUCCH resources to acknowledge the reception of successRARs in a single msgB should be UE-specific.

From the email discussion post RAN1#98bis, we have agreed that for 2-step RACH MsgB HARQ-ACK, Rel-15 PUCCH resources are reused based on pucch-ResourceCommon and there will be no RRC impact, no additional resources compared with Rel-15. That is better to reuse the signaling structure of msg4 PUCCH resource indication for example, reusing the starting CCE index and PRI but modify the based on UE specific information to distinguish the PUCCH resource for each UE. 
According to the RAN2 agreement, for the content of successRAR in msgB, the C-RNTI for UE is always included in successRAR in msgB when CCCH message is included in msgA. The C-RNTI is the unique and specific identification for each UE and can help to determine the unique  for each UE. 
The value range of  is [0,…,7], and the range of  is [0,1], then the total range of  is [0,…,15]. The C-RNTI of each UE can help determine the unique  , for example, to randomize the  , just like: . If the C-RNTI of UEs are carefully configured, there is no PUCCH resource collision among UEs.

And in the other case that the original C-RNTI is carried in the msgA payload, the UE shall monitor the PDCCH addressed to C-RNTI for success response. The DCI is UE specific and the PUCCH resource for acknowledgment can be determined based on the traditional way in Rel-15 specification.

Proposal 5: 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.

The PUCCH time resource is indicated by “PDSCH-to-HARQ_feedback timing indicator”, in unit of slot. As multiple successRARs may be multiplexed in on msgB, the PDSCH-to-HARQ_feedback timing indicator should be UE specific and may be different with each other. In legacy msg4 DCI, there is only one PDSCH-to-HARQ_feedback timing indicator, but for 2-step RACH, the PDSCH-to-HARQ_feedback timing indicators for multiple UEs could be signalled in the successRAR of each UE.

Proposal 6: In 2-step RACH, the PDSCH-to-HARQ_feedback timing indicator could be signalled in successRARs of msgB.
3.2. DCI Format for MsgB
In Rel-15, Msg2 is scheduled by DCI Format 1_0 with CRC scrambled by RA-RNTI. Msg4 is scheduled by DCI Format 1_0 with CRC scrambled by TC-RTNI or C-RNTI. The format structures of these DCIs are summarized in below table. 
Table-1 DCI format 1_0 with CRC scrambled by RA-RNTI/TC-RNTI/C-RNTI
	
	Number of bits
	DCI format 1_0 with CRC scrambled by RA-RNTI
	DCI format 1_0 with CRC scrambled by TC-RNTI
	DCI format 1_0 with CRC scrambled by C-RNTI (not for PDCCH order RA)

	Identifier for DCI formats 
	1
	reserved 
	
	

	Frequency domain resource assignment 
	Related to BWP
	
	
	

	Time domain resource assignment 
	4
	
	
	

	VRB-to-PRB mapping 
	1
	
	
	

	Modulation and coding scheme 
	5
	
	
	

	New data indicator 
	1
	reserved
	
	

	Redundancy version 
	2
	reserved
	
	

	HARQ process number 
	4
	reserved
	
	

	Downlink assignment index (DAI)
	2
	
	reserved 
	 

	TPC command for scheduled PUCCH 
	2
	reserved
	
	

	PUCCH resource indicator 
	3
	reserved
	
	

	PDSCH-to-HARQ_feedback timing indicator 
	3
	reserved
	
	

	TB scaling 
	2
	
	
	



MsgB content at least consists of the successRAR, fallback RAR and BI, if needed, SRB of the UE can be included in the msgB. SuccessRAR is for contention resolution, its function is similar as the msg4, UE need feedback the ACK for reception of successRAR. FallbackRAR is for 2-step RACH fallback to 4-step RACH and indicates the msg3-like UL grant information, its function is similar as the msg2. So msgB can be regarded as a combination of msg2 and msg4.
The DCI format 1_0 with CRC scrambled by C-RNTI will not be considered for msgB as this format is used for the response of msgA with C-RNTI in RRC_connected RACH procedure.
The DCI format for msgB could be based on the below two options:
· Option 1: The DCI scheduling msgB is DCI format 1_0, with a structure similar to release 15 DCI format 1_0 with CRC scrambled by RA-RNTI.
· Option 2: The DCI scheduling msgB is DCI format 1_0, with a structure similar to release 15 DCI format 1_0 with CRC scrambled by TC-RNTI.
UE need feedback ACK for reception of successRAR in msgB. As we have agreed reuse Rel-15 PUCCH resources based on pucch-ResourceCommon, it is natural to inherit some PUCCH resource indication field in msgB DCI, for example, the PRI. Moreover the HARQ related field in DCI could also be considered vital for msgB retransmission. The DCI format 1_0 with CRC scrambled by msgB-RNTI can be modified based on the DCI format 1_0 with CRC scrambled by TC-RNTI.

Proposal 7: The DCI format 1_0 with CRC scrambled by msgB-RNTI can be modified based on the DCI format 1_0 with CRC scrambled by TC-RNTI.

The TB scaling field for RACH in the DCI format 1_0 with CRC scrambled by RA-RNTI is not included in the DCI format 1_0 with CRC scrambled by TC-RNTI. The TB scaling with 2bits indicates the scaling factor S which is applied to the TBS determination, where the scaling factor is determined based on the TB scaling field in the DCI as in Table 5.1.3.2-2 in 38.214.
Table 5.1.3.2-2: Scaling factor of Ninfo for P-RNTI and RA-RNTI
	TB scaling field
	Scaling factor S

	00
	1

	01
	0.5

	10
	0.25

	11
	



The intention of scaling factor is to reduce the code rate of the PDSCH scheduled by the DCI associated with RA-RNTI and to enhance the robustness of PDSCH reception. It is essential for the msgB PDSCH and should be included in the DCI Format with CRC scrambled by msgB-RNTI.

Proposal 8: TB scaling with 2bits should be included in the DCI format 1_0 with CRC scrambled by msgB-RNTI.

An RAN2 LS (R2-1914064/ R1-1911584) [4] asks RAN1 to provide feedback on the inclusion of 2 LSBs of SFN in DCI used for scheduling of msg2 in 4-step RACH and msgB in 2-step RACH on the unlicensed carrier.
Agreements:
-	From RAN2 point of view it is beneficial to include LSB of SFN in the DCI.  The same design is desirable to be used for 2-step RACH.   Write LS to RAN1 to ask if there is any feasibility issues.  
-	For NR-U, 2 bits are enough for a maximum of 40ms response windows.  
-	Multiplexing of responses for more than one SFN is not allowed.

The DCI Format 1_0 with CRC scrambled by msgB-RNTI has sufficient spare bits to include the 2bits for LSB of SFN. The detail design of the DCI Format 1_0 with CRC scrambled by msgB-RNTI is shown in the below table.
Table-2 DCI format 1_0 with CRC scrambled by RA-RNTI/TC-RNTI/msgB-RNTI
	
	Number of bits
	DCI format 1_0 with CRC scrambled by RA-RNTI
	DCI format 1_0 with CRC scrambled by TC-RNTI
	DCI format 1_0 with CRC scrambled by msgB-RNTI

	Identifier for DCI formats 
	1
	reserved 
	
	

	Frequency domain resource assignment 
	Related to BWP
	
	
	

	Time domain resource assignment 
	4
	
	
	

	VRB-to-PRB mapping 
	1
	
	
	

	Modulation and coding scheme 
	5
	
	
	

	New data indicator 
	1
	reserved
	
	

	Redundancy version 
	2
	reserved
	
	

	HARQ process number 
	4
	reserved
	
	

	Downlink assignment index (DAI)
	2
	
	reserved 
	  note 1

	TPC command for scheduled PUCCH 
	2
	reserved
	
	  note 2

	PUCCH resource indicator 
	3
	reserved
	
	

	PDSCH-to-HARQ_feedback timing indicator 
	3
	reserved
	
	reserved   note 3

	TB scaling 
	2
	
	
	

	LSB of SFN
	2
	
	
	


Note1: DAI is not used for DCI format with CRC scrambled by msgB-RNTI
Note2: TPC command for scheduled PUCCH is included in the msgB PDSCH according to the agreement of RAN1#98bis meeting
Note3: In our previous proposal, we propose “PDSCH-to-HARQ_feedback timing indicator” signalled in successRARs of msgB
The total bit of the DCI format with CRC scrambled by msgB-RNTI is same as the DCI format with CRC scrambled by RA-RNTI or TC-RNTI.
The DCI Format 1_0 with CRC scrambled by msgB-RNTI could include the 2bits for LSB of SFN and in LS response we can acknowledge the inclusion of 2 LSBs of SFN in DCI.

Proposal 9: The DCI Format 1_0 with CRC scrambled by msgB-RNTI could include the 2bits for LSB of SFN and we can acknowledge the inclusion of 2 LSBs of SFN in DCI.
4. Power control of 2-step RACH
4.1. Power control of msgA retransmission
In RAN1#98bis meeting, there is an agreement on the msgA Tx beam selection. And also after the RAN1 meeting, there is an email discussion agreement about the remaining issue of power ramping step size of PRACH and PUSCH of msgA. 
	Agreements:
For MsgA Tx beam selection in the same MsgA transmission instance:
· The MsgA PRACH and MsgA PUSCH use the same Tx spatial filter (beam).
Email approved:
For the power ramping component of MsgA PUSCH, same RRC configured power ramping step size for MsgA PUSCH and MsgA PRACH.
· FFS: Whether the power ramping counter is the same or not for MsgA PRACH and MsgA PUSCH. (To be discussed and decided in RAN1#99)



For this meeting, the remaining issue on power control of msgA retransmission is only whether the power ramping counter is the same or not for msgA PRACH and msgA PUSCH. 
The key aspect for the counter is based on the suspension of power ramping counters for msgA PRACH and msgA PUSCH.
From the beam selection aspect, as the msgA PRACH and msgA PUSCH use the same Tx spatial filter (beam), the suspension of msgA PRACH and msgA PUSCH power ramping counters could be synchronized when retransmitting msgA. A single power ramping counter is enough for msgA PRACH and msgA PUSCH.
The other aspect which affects the suspension indication is related to the power allocation to PUSCH/PUCCH/PRACH/SRS transmissions as described in Subclause 7.5 in 38.213, or due to power allocation in EN-DC or NE-DC operation as described in Subclause 7.6.1 or Subclause 7.6.1A in 38.213.

	If due to power allocation to PUSCH/PUCCH/PRACH/SRS transmissions as described in Subclause 7.5, or due to power allocation in EN-DC or NE-DC operation as described in Subclause 7.6.1 or Subclause 7.6.1A, respectively, the UE does not transmit a PRACH in a transmission occasion, Layer 1 notifies higher layers to suspend the corresponding power ramping counter. If due to power allocation to PUSCH/PUCCH/PRACH/SRS transmissions as described in Subclause 7.5, or due to power allocation in EN-DC or NE-DC operation as described in Subclause 7.6.1 or Subclause 7.6.1A, respectively, the UE transmits a PRACH with reduced power in a transmission occasion, Layer 1 may notify higher layers to suspend the corresponding power ramping counter.



The power reduction rules will severely affect the consideration of the power ramping counter for PRACH and PUSCH.
We have four example cases to elaborate our consideration.
CASE1: msg1 is initiated in PCell, msgA is initiated in PSCell. Msg1 overlaps with msgA PRACH in time domain. 
[image: ]
Figure 2 CASE1
According the common sense on power reduction rule: PRACH transmission on a serving cell other than the PCell has the lowest priority. It is obviously that the msgA PRACH will not transmit or do power reduction. It doesn’t make sense that msgA PUSCH will do power ramping even though msgA PRACH doesn’t transmit or reduce power because msgA PUSCH detection is based on the msgA PRACH. The power ramping counter of PUSCH should be that of PRACH and the suspension indication is synchronized.

CASE2: msg1 is initiated in PCell, msgA is initiated in PSCell. Msg1 overlaps with msgA PUSCH in time domain.
[image: ]
Figure 3 CASE2
It is obviously that the msgA PUSCH will not transmit or reduce power. 
If the msgA PRACH is successfully detected, but PUSCH is not decoded as the power reduction, fallback to msg3 is the only choice. 
If the msgA PRACH and PUSCH are not successfully detected, UE will retransmit the msgA. If msgA PRACH and PUSCH have the same power ramping counter, the msgA PUSCH will ramp 2*step in retransmission. This is reasonable for PUSCH to synchronously follow the ramping progress of PRACH.

CASE3: MsgA is initiated in PCell, msg1 is initiated in PSCell. MsgA PRACH overlaps with msg1 in time domain.

[image: ]
Figure 4 CASE3
Msg1 will not transmit or reduce power in this case. MsgA transmission will not be affected by the power reduction of msg1. We have proposed in section 4.2 that msgA PRACH and PUSCH have the same priority in PCell, so msgA PRACH and PUSCH could have the same power ramping counter.

CASE4: MsgA is initiated in PCell, msg1 is initiated in PSCell. MsgA PUSCH overlaps with msg1 in time domain.
[image: ]
Figure 5 CASE4
Whatever the msgA PUSCH priority is (it is FFS issue in last meeting agreement), the PUSCH priority is always higher than the PRACH transmission on a serving cell other than the PCell. Msg1 will not transmit or reduce power. The case is similar as case3, msgA transmission will not be affected by the power reduction of msg1, msgA PRACH and PUSCH could have the same power ramping counter.

Regarding the analysis of above four cases, msgA PRACH and PUSCH with the same power ramping counter is preferable.

Proposal 10: MsgA PUSCH and MsgA PRACH with the same counters is preferable.
4.2. Power reduction rule
In RAN1#98bis meeting, the agreement of power reduction rule is:
	Agreements:
· 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



In RAN2#107bis meeting, an agreement is:
	Agreements:
2-step RACH resources can only be configured on SpCell.
The PDCCH triggered 2-step CFRA RACH will not be supported in Rel-16



For the first FFS issue, it is confirmed that msgA can be supported in SpCell from RAN2 agreement. SpCell is the Special Cell which can support initial access in PCell, or PCell of the MCG or the PSCell of the SCG for Dual Connectivity operation.
Secondary Cell (SCell) is defined as: for a UE configured with CA, a cell providing additional radio resources on top of Special Cell. So Secondary Cell is not belonging to the SpCell.
It can be derived that msgA is not supported in SCell from the RAN2 agreement.
Only CFRA based on PDCCH order can be initialed in Rel-15 SCell. But this kind of CFRA is not supported in Rel-16.
As we know, in 2-step RACH WID scope, the only use case for CFRA is handover, and CFRA for handover can only be supported in PCell. Then from this aspect, msgA is not supported in SCell.

Proposal x: MsgA is not supported in SCell.

For the second FFS issue, we support MsgA PRACH and MsgA PUSCH have the same power reduction priority as Msg1 PRACH. 
The purpose of 2-step RACH is to reduce the latency of initial access. Fallback to msg1 or msg3 is only occurred in the case of PRACH or PUSCH are not detected, it is a kind of remedy but it doesn’t mean that we will give it up from the beginning in case of power limitation.
The msgA PRACH and msgA PUSCH should be regarded as an integral whole. The priority of msgA in PCell should be higher than other channels such as PUCCH, SRS, Scheduled PUSCH and etc. 
So just like the priority order in Rel-15, the priority order (in descending) of 2-step RACH can be highlighted as:
-	Msg1 PRACH transmission on the PCell, or msgA transmission on the PCell
-	PUCCH transmission with HARQ-ACK information and/or SR or PUSCH transmission with HARQ-ACK information
-	PUCCH transmission with CSI or PUSCH transmission with CSI
-	PUSCH transmission without HARQ-ACK information or CSI
-	SRS transmission, with aperiodic SRS having higher priority than semi-persistent and/or periodic SRS, or msg1 PRACH transmission on a serving cell other than the PCell, or msgA transmission on a serving cell other than the PCell
Proposal 11: MsgA PRACH and MsgA PUSCH have the same power reduction priority as Msg1 PRACH.
4.3. Power control of msg3 in fallback mode
When the UE sends the first msgA, the power is P_Preamble and P_PUSCH. At this time, if the network side detects a preamble but PUSCH decodes fails, and then gNB uses the fallbackRAR in msgB or msg2 to schedule the msg3 transmission which called fallback, how to determine the msg3 transmission power? 
For msg3 transmission power, in Rel-15, the TPC command is just a dynamic adjustment based on the previous msg1 power level following the equation of:





As we have agreed that preambleReceivedTargetPower for 2-step RACH is same as that for the 4-step RACH, it is possible to reuse the msg3 transmission power equation in Rel-15. For, we can use msg3-DeltaPreamble. For, we can use the value for 4-step RACH. For power accumulated, it should be based on the msgA preamble total power ramping and the TPC command in fallbackRAR UL grant. For, the PRB used by msg3 is indicated by fallbackRAR UL grant.

It is easy to reuse the equation of Rel-15, and have less specification impact. 

Proposal 12: UE should determine the msg3 power level based on the msg3 power level equation in Rel-15 for fallback mode.
· 

 is calculated based on ;
· 
For, the PRB used by msg3 is indicated by fallbackRAR UL grant;
· 



For, For,  is a value of msg3-Alpha, when provided; otherwise, ;
· 
For the PUSCH power control adjustment state, the TPC command in fallbackRAR UL grant and total power ramp up on msgA preamble are used.

4.4. Power control of msgA PUSCH after fallback mode
In RAN2#106 meeting, msgA retransmission is preferable as the RAN2 meeting agreement is:
	Agreements:
From RAN2 perspective, for msgA retransmission (i.e. preamble and PUSCH) we assume that the UE retries on 2-step RACH.



In RAN2#107 meeting, the UE behavior after fallback failure is agreed as: 
	Agreements:
No need to reexecute RA selection criteria upon fallback failure (i.e if reception of msg3 fails).  The UE re-transmits using msgA



When gNB uses the fallbackRAR in msgB or msg2 to schedule the msg3 transmission which called fallback, but unfortunately the fallback also fails due to some reasons such as contention resolution fails or msg3 fails, msgA will retransmit after the fallback failure. How to determine the msgA retransmission power?
Suppose suspension indication is False and no other factors prohibit the power ramping, what is the power of preamble and PUSCH retransmitted in msgA?
This example can be divided into two cases: 
Case 1: If the Contention Resolution failure is caused by the demodulation failure of the downlink msg4, or the UE can demodulate PDCCH/PDSCH but cannot find the matched Contention Resolution ID, the higher layer does not consider the whole RACH failure according to the counter or timing, so it will retransmit the msgA. Because suspension indicator is not TRUE, the retransmission power of msgA will be P_Preamble+stepofpreamble, P_PUSCH+stepofPUSCH.
Case 2: If the Contention Resolution fails because the gNB does not receive the msg3, then the gNB schedules the msg3 retransmission. The independent power control command in DCI 0-0 will increase the power of retransmitted msg3. The content of msg3 may be different from the PUSCH in the msgA. If the msg3 still fails, the UE may decide to go back to retransmit the msgA. Therefore, msgA will continue to increase the power. The question is the msgA PUSCH retransmission power is determined based on the last msg3 power level or the last msgA PUSCH power level just like the below figure?
[image: ]
Figure 6 Power control of msgA PUSCH after msg3 fails
As the content of msg3 may be different from the PUSCH in the msgA, the power level of last msg3 is not a good reference for msgA retransmission power. For simple processing, it is not necessary to consider last msg3 transmission power which controlled by the dynamic power control command when msgA PUSCH retransmits. The msgA PUSCH retransmission power could be based on the last msgA PUSCH power before fallback. In general, whatever the reasons for contention resolution failing in fallback mode, the retransmission power of msgA will be based on the last msgA transmission power level. The retransmission power of msgA could ramp a step based on the last msgA transmission power level. If this is agreed, there will be no specification impact.

Proposal 13: The retransmission power of msgA after fallback failure is based on the last msgA transmission power level. 
4.5. Power control of msg1 after msgA switches to msg1
Power ramping step size of msg1 after msgA switches to msg1
UE will fallback to msg1 transmission after N time failures of msgA transmission. Which power ramping step size will be used for msg1 retransmission? 4-step msg1 ramping step size or msgA ramping step size?
For shared ROs between 2-step and 4-step, it is not a question. We have agreed that for shared ROs with 4-step RACH and 2-step RACH, the powerRampingStep for 2-step RACH are indicated by those for the 4-step RACH. So the fallback msg1 will select the 4-step RACH preamble to transmit and the ramping step size is same as 4-step RACH.
For separate ROs between 2-step and 4-step, there are two alternatives for UE fallback PRACH resources selection.
· Alt1: UE selects the 4-step RACH separate RO for msg1 transmission
· Alt2: UE selects the 2-step RACH separate RO for msg1 transmission but no PUSCH associated with preamble
Actually, gNB will always assume that the preamble from the separate 2-step RACH RO is associated with the PUSCH. So for alt2, although the RACH attempt will not transmit the PUSCH after the msg1, gNB will consume the resource to receive PUSCH. Then Alt2 is unreasonable. 
For Alt1, it is nature to use the same ramping step size as 4-step RACH.
Eventually as 2-step RACH has switched to 4-step RACH, it is reasonable to use 4-step msg1 ramping step size for the fallback msg1. 

Proposal 14: 4-step RACH ramping step size should be applied for the retransmission of msg1 after msgA switches to msg1. 

Power ramping counter of msg1 after msgA switches to msg1
There are two alternatives for the power ramping counter of msg1 after msgA switches to msg1.
Alt1: The power ramping counter of msg1 inherits from the same counter of msgA preamble.
Alt2: The power ramping counter of msg1 use the different counter from the counter of msgA preamble.

If the power ramping counter of msg1 inherits from the same counter of msgA preamble, the power level of the last msgA preamble is also inherited by msg1. It is reasonable that msg1 can do power ramping based on the msgA preamble power level. 
For MAC layer specification, it is easy to change the expression of PREAMBLE_RECEIVED_TARGET_POWER like that:
	set PREAMBLE_RECEIVED_TARGET_POWER to preambleReceivedTargetPower + DELTA_PREAMBLE + (N – 1) × PREAMBLE_POWER_RAMPING_STEP_2SR + (PREAMBLE_POWER_RAMPING_COUNTER – N) × PREAMBLE_POWER_RAMPING_STEP_ 4SR;



Note: N here means N time failures of msgA transmission
The power ramping counter and ramping step of msg1 after msgA switches to msg1 will affect MAC layer specification.

Proposal 15: Msg1 power ramping counter should inherit msgA preamble power ramping counter after msgA switches to msg1. 

5. Conclusions
The following proposals have been made:
Proposal 1: No need to use subset of ROs for 2-step RACH via specifying some invalidation rules or modifying the PRACH configuration table.
Proposal 2: 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, the 2-step RACH ROs become invalid.
Proposal 3: the value range table of some 2-step RACH parameters could be:
	Parameter
	Value Range

	msgA-prach-ConfigurationIndex
	INTEGER (0..255)

	msgA-RO-FDM
	ENUMERATED {one, two, four, eight}

	msgApreamble-powerRampingStep
	ENUMERATED {dB0, dB2, dB4, dB6}

	msgA-CB-PreamblesPerSSB
	INTEGER (0..60) in case of N<=1; 
INTEGER (0..28) in case of N=2;
INTEGER (0..15) in case of N=4;
INTEGER (0..7) in case of N=8;
INTEGER (0..3) in case of N=16;

	msgA-ssb-sharedROmaskindex
	INTEGER (0..15)


Proposal 4: The PUCCH resources to acknowledge the reception of successRARs in a single msgB should be UE-specific.
Proposal 5: 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 6: In 2-step RACH, the PDSCH-to-HARQ_feedback timing indicator could be signalled in successRARs of msgB.
Proposal 7: The DCI format 1_0 with CRC scrambled by msgB-RNTI can be modified based on the DCI format 1_0 with CRC scrambled by TC-RNTI.
Proposal 8: TB scaling with 2bits should be included in the DCI format 1_0 with CRC scrambled by msgB-RNTI.
Proposal 9: The DCI Format 1_0 with CRC scrambled by msgB-RNTI could include the 2bits for LSB of SFN and we can acknowledge the inclusion of 2 LSBs of SFN in DCI.
Proposal 10: MsgA PUSCH and MsgA PRACH with the same counters is preferable.
Proposal 11: MsgA PRACH and MsgA PUSCH have the same power reduction priority as Msg1 PRACH.
Proposal 12: UE should determine the msg3 power level based on the msg3 power level equation in Rel-15 for fallback mode.
· 

 is calculated based on ;
· 
For, the PRB used by msg3 is indicated by fallbackRAR UL grant;
· 



For, For,  is a value of msg3-Alpha, when provided; otherwise, ;
· 
For the PUSCH power control adjustment state, the TPC command in fallbackRAR UL grant and total power ramp up on msgA preamble are used.
Proposal 13: The retransmission power of msgA after fallback failure is based on the last msgA transmission power level. 
Proposal 14: 4-step RACH ramping step size should be applied for the retransmission of msg1 after msgA switches to msg1. 
Proposal 15: Msg1 power ramping counter should inherit msgA preamble power ramping counter after msgA switches to msg1. 
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