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1. Introduction
In RAN#82, a new work item on “2-step RACH for NR” was agreed [1], aiming for reducing the access latency. Channel structure and related procedure needs to be designed in RAN. Specifically, the procedure for 2-step RACH includes power control for MsgA, msg content for MsgA & MsgB, and fallback procedure from 2-step RACH to 4-step RACH, etc. In this contribution, the remaining issues for the procedure are discussed.
2. [bookmark: OLE_LINK14][bookmark: OLE_LINK13]HARQ for MsgB
In 4-step RACH, gNB would indicate the PUCCH resource for the transmission of HARQ-ACK corresponding to msg4. If the HARQ-ACK is not received, gNB can decide whether to retransmit msg4. Compared with UE specific scheduling of msg4, the msgB for multiple UEs in 2 step RACH can be transmitted in the same PDSCH. It leads to that the existing UE-specific method of indicating PUCCH is not supported any more. In last the meeting, the following agreement is reached.
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.
· ack timing indicator is signalled by the DCI and UE-based offset value indicated in the successRAR.


In terms of the UE specific PUCCH resource selection, in Rel-15, the CCE start index and 3 dynamic bits in DCI could identify one resource index out of 16 resources. To determine a resource index of the HARQ-ACK, all the three alts are workable. The key difference is that Alt2 and Alt3 may have the limitation for the number of the multiplexed UEs. That is, the Alt1 supports maximal 16/8 multiplexed UEs within msgB if 4/3 bits in the successRAR are used. Note that the CCE start index can be reused when there are 3 bits indicating the PUCCH resource index. Alt2 is similar to Alt 1 that additional 1-bit reserved DAI is used instead of CCE start index. Alt3 also has the limitation on the number of multiplex UEs depending on the configured bit number. 
From our view, Alt1 is preferred as this method is more flexible and has little spec imapcts. Alt2 can also be considered.     
Proposal 1: PUCCH Resource Index is only signalled explicitly in the successRAR
In addition, the following agreement on the HARQ feedback timing indicator has been reached.
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.

From our view, Alt1 is direct way to solve the problem. Thus, we support Alt1.     
Proposal 2: PDSCH-to-HARQ_feedback timing indicator is only signalled in the successRAR.

3. HARQ for PUSCH of MsgA
To improve the transmission reliability of PUSCH, HARQ for the PUSCH of msgA can be considered. If both the preamble and the PUSCH are not detected, the retransmission of PUSCH is difficult. Here, we only consider the case that the preamble is detected successfully, but the PUSCH detection fails. In this case, the gNB could reschedule the PUSCH by UL grant in the fallback RAR. To achieve the gain of two or multiple transmission combination, one option is to retransmit the PUSCH using the same MCS as the PUSCH in MsgA. the UL grant filed in RAR MAC-CE can be reused to support this function, where the UL grant in RAR MAC-CE is shown in Table 3.  
Table 1 UL grant in RAR MAC-CE
	RAR UL grant field
	# of bits

	Frequency hopping flag 
	1 

	Msg3 PUSCH frequency RA 
	14 

	Msg3 PUSCH time RA 
	4 

	MCS 
	4 

	TPC command for Msg3 PUSCH 
	3 

	CSI request 
	1 


gNB is able to support CC combination by rescheduling the UE with same MCS. To support IR soft combination, one way is to reuse the MCS filed to indicate the RV, as illustrated in Table 4. Note that as the PUSCH is not detected successfully, it has little chance for the gNB to reschedule the PUSCH with high MCS. Thus, some high MCS values can be re-interpreted as the RV indicator. Note that the gNB is able to schedule the PUSCH transmission with other MCS by scheduling (that is, no retransmission solution is used).
[bookmark: OLE_LINK12][bookmark: OLE_LINK15]Table 2 RV indicator by reusing the MCS filed in UL grant
	MCS or RV（4bits）
	

	0000
	MCS0

	0001
	MCS1

	…
	…

	1011
	MCS11

	1100
	RV=0

	1101
	RV=1

	1110
	RV=2

	1111
	RV=3


Proposal 3:  Support IR soft combination for the PUSCH of msgA. Reuse MCS field in UL grant of fallback RAR to indicate the RV. 
4. Power Control
In the email discussion, it reached that 
Agreements:
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 Msg PUSCH. (To be discussed and decided in RAN1#99)

For the case that same counter for the preamble and PUSCH is used, it means that if the preamble is not detected or if the preamble is detected but 2-step RACH fails, the power for both the preamble and the PUSCH are increased simultaneously. While for the case that different counters for the preamble and the PUSCH are assumed, if the preamble is detected but 2-step RACH fails, only the PUSCH’s power is increased and the preamble’s power is kept as the same. That is, some power could be saved. However, if the PUSCH is detected, it means that the preamble’s detection performance is much worse than target rate (e.g., the detection performance is 0.1~0.2, while the target detect success rate is 0.001) even if the preamble is detected. In this case, it is safe to increase the power of the preamble at the same time. In addition, if the UE has the worse channel condition for the next occasion, the same counter could improve the transmission reliability of next access. Also, the benefit is not so much as the preamble’s power is generally small.
Note that the counter would be reset to be zero if the beam of preamble & PUSCH of msgA is switched.
Proposal 4: Support same counter for both msgA preamble and PUSCH.
5. [bookmark: OLE_LINK6][bookmark: OLE_LINK7]RRC Parameters
Most RRC parameters have been determined in the email discussion [NR-step]. Here, we focus on refining the PUSCH parameters as shown in Table 3.
Table 3 PUSCH Parameters
	Parameter Name (suggested)
	Values
	New R16 vs extension of R15
	Per (UE, cell, config, …)
	Description

	msgA-MCS
	TBD
	New
	Per configuration per BWP
	FFS MCS-table and value range

	nrofSlotsMsgAPUSCH
	TBD
	New
	Per configuration per BWP
	Number of slots (in active UL BWP numerology) containing one or multiple POs, each slot has the same time domain resource allocation

	nrofMsgAPOperSlot
	TBD
	New
	Per configuration per BWP
	Number of time domain PUSCH occasions in each slot. POs including guard period are contiguous in time domain within a slot

	msgAPUSCH-timeDomainOffset
	TBD
	New
	Per configuration per BWP
	A single time offset with respect to the start of each PRACH slot (with at least one valid RO), counted as the number of slots (based on the numerology of active UL BWP)
FFS whether or not the parameter K2 in the TDRA table is used, for RRC_INACTIVE/IDLE state.

	msgA-timeDomainAllocation
	TBD
	New
	Per configuration per BWP
	Indicates a combination of start symbol and length and PUSCH mapping type from the TDRA table (the default table in 38.214 can be revisited), for RRC_IDLE/INACTIVE state. 

	startSymbolAndLengthMsgAPO
	TBD
	New
	Per configuration per BWP
	An index giving valid combinations of start symbol, length, and mapping type as start and length indicator (SLIV) for the first msgA PUSCH occasion. The network configures the field so that the allocation does not cross the slot boundary.  
The number of occupied symbols excludes the guard period.
FFS signalling details in RRC_CONNECTED state.

	mappingTypeMsgAPUSCH
	ENUMERATED {typeA, typeB}
	New
	Per configuration per BWP
	PUSCH mapping type A or B.

FFS signalling details in RRC_CONNECTED state.

	guardPeriodMsgAPUSCH
	TBD
	New
	Per configuration per BWP
	Guard period between PUSCH occasions, in the unit of symbols

	nrofPRBsperMsgAPO
	TBD
	New
	Per configuration per BWP
	Number of PRBs per PUSCH occasion

	nrMsgAPO-FDM
	TBD
	New
	Per configuration per BWP
	The number of msgA PUSCH occasions FDMed in one time instance

	msgA-DMRS-Configuration
	TBD
	New
	Per configuration per BWP
	DMRS configuration for msgA PUSCH, including DMRS Type, number of DMRS symbols, and number of DMRS ports or including the scramble ID(s) for CP-OFDM waveform.  To be decided if this is a list of configurations or if at least DMRS sequences and/or the number of DMRS sequences are given by one or more additional parameters.

	nrofDMRS-Sequences
	TBD
	New
	Per configuration per BWP
	Number of DMRS sequences for msgA PUSCH at least for CP-OFDM waveform

	msgADeltaPreamble
	INTEGER (-1,6) 
(TBC)
	New
	Per BWP
	Power offset of msgA PUSCH relative to the preamble received target power. If the offset parameter is absent, the parameter msg3-DeltaPreamble of 4-step RACH is used 

	msgA-Alpha
	
	New
	Per configuration Per BWP
	Dedicated alpha value for MsgA PUSCH. If value is absent, use msg3-Alpha if configured, else UE applies value 1.

	msgA-transformPrecoder
	
	New
	Per BWP
	Waveform of msgA PUSCH. If the parameter is not configured, msgA PUSCH follows the waveform of msg3



Proposal 5: 
1. msgA-MCS, 
Only QPSK or subset of QPSK is supported, e.g., [1 3 4 5], as discussed in [2].

2. nrofSlotsMsgAPUSCH,
Value: [1 2 3 4];
Description: Number of consecutive slots (in active UL BWP numerology), and each slot contains one or multiple POs.

3. nrofMsgAPOperSlot, 
The minimal number of symbols for one PO is 3 (1 symbols for DMRS) or 4 (2 symbols for DMRS), that is, at least 2 symbols for the data part.
Value: [1 2 3 4]; Note: 4 POs in one slot means that each PO has 3 symbols and GT is set as 0. 
Note that for default time allocation A, the minimal number of symbols for msg3 is 6.

4. msgAPUSCH-timeDomainOffset
Value: [[0], 1, 2, 3, 4, X, X, X] slots, as discussed in [2].
If this parameter is configured, then it overwrites the K2 in the TDRA Table;
Otherwise, reuse the parameter K2 in the TDRA table.
Note that K2 is one value selected from [j, j+1, j+2, j+3], where the value of j is one value from [1 2 3], depending on the specific subcarrier spacing. 

5. msgA-timeDomainAllocation: the default TDRA table in 38.213 can be reused. 

6. startSymbolAndLengthMsgAPO
If this parameter is configured, then it overwrites the time domain allocation in the TDRA Table; 
Otherwise, reuse the parameter in the TDRA table.

7. mappingTypeMsgAPUSCH: type A or type B
For our view, this parameters seems unnecessary.

8. guardPeriodMsgAPUSCH,
Value: {0,1,2,3} for 15kHz/30kHz, and {0,1,2,6} for 60kHz, as discussed in [2].

9. nrofPRBsperMsgAPO 
Value: [1, 2, 4, 6], as discussed in [2].

10. nrMsgAPO-FDM,
Value: [1, 2, 4, 8], as discussed in [2]. 

11. msgA-DMRS-Configuration
The following  parameters in the DMRS-UplinkConfig is reused, 
	DMRS-UplinkConfig ::=               SEQUENCE {
    	dmrs-Type                           ENUMERATED {type2}                                                     	 	dmrs-AdditionalPosition             ENUMERATED {pos0, pos1, pos3}
		phaseTrackingRS                     SetupRelease {PTRS-UplinkConfig}                                  
    	maxLength                           ENUMERATED {len2}}
Introduce the antenna port parameter in this msgA-DMRS-Configuration IE to indicate the DMRS ports,
		antennaPort                             INTEGER (0..31)

12. nrofDMRS-Sequences: Value: [1, 2].

13. msgADeltaPreamble: [-1,…,6] confirmed.

14. msgA-Alpha: The values range is same as msg3-Alpha

15. msgA-transformPrecoder: Value: {enabled}

6. Conclusion
In this contribution, we have discussed the procedure for 2-step RACH. The following proposals are given:
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Proposal 1: Alt1 is preferred. If RAN2 reaches that the maximal number of multiplexed UEs is up to 8, then Alt2 can also be considered.
Proposal 2: PDSCH-to-HARQ_feedback timing indicator is only signalled in the successRAR.
Proposal 3: Support IR soft combination for the PUSCH of msgA. Reuse MCS field in UL grant of fallback RAR to indicate the RV.
Proposal 4: Same counter for msgA preamble and PUSCH is preferred.
Proposal 5: Support the RRC parameters as discussed in Section 5. 
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