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Introduction
[bookmark: _GoBack]In aspect of physical structure for 2-step RACH, a bunch of agreements have been reached in last meeting, mainly including:
	Agreements:
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.
Agreements:
For separately configured ROs, the 2-step RACH MsgA PRACH SCS is indicated by the corresponding 4-step RACH parameter (msg1-subcarrierSpacing).
Agreements:
Confirm the working assumption regarding the power component from the transport format TF(i) in the agreement from RAN1#97.
Agreements:
For the power component from pathloss compensation, PL(i), 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.
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.
Agreements:
For 4-step RACH and 2-step RACH with separately configured ROs, the preamble formats of 4-step RACH and 2-step RACH can be different. 
· Note: For each of the separate configuration, the configuration is cell-specfic. 
Agreements:
· [bookmark: _Hlk21597930]A UE shall provide HARQ-ACK feedback if it receives a MsgB that contains a successRAR addressed to this UE.
Agreements:
· For a MsgB downlink transmission with PDCCH addressed to a MsgB-RNTI, the HARQ-ACK response to the downlink transmission can include ACK.
· The UE is not expected to transmit the HARQ-ACK before the TA is applied.

Agreements:
The above agreements are updated as follows:
· For a downlink PDSCH transmission with the corresponding PDCCH addressed to C-RNTI in response to a MsgA with C-RNTI, the HARQ-ACK response to the downlink transmission can include ACK or NACK.
· In case of ACK, if downlink PDSCH includes TA MAC CE and the time alignment timer is not running, the UE is not expected to transmit the PUCCH before for the TA is applied.
· A UE can send a NACK only if it time alignment timer is running.

Agreements:
· For each UE, the TPC command of the PUCCH resource containing HARQ feedback for MsgB is indicated by PDSCH of MsgB when the corresponding PDCCH is scrambled by MsgB-RNTI.
· The TPC command is 2-bits
· FFS whether or not to have special handling for the first UE or when there is only one UE in the Msg B PDSCH

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).
Agreements:
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.
Agreements:
For shared ROs, the parameter msgA-CB-PreamblesPerSSB configures the number of contention-based 2-step RACH preambles per SSB.
Agreements:
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.
Agreements:
For 2-step RACH in separate ROs, the parameter totalNumberOfRA-Preambles can be separately configured. If the configuration is absent, all 64 preambles are available for 2-step RA.
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
Agreements:
· For 2-step RACH, no new CORESET for MsgB is defined.
Agreements:
· (Working assumption) For the PDCCH associated with MsgB, MsgB is received on the ra-SearchSpace.
· In the reply LS to RAN2, adding “Up to RAN2 to decide whether or not to use RNTI to differentiate Msg 2 vs. Msg. B, for which RAN1 respectfully requests RAN2 to inform RAN1 the decision once made”. 

Agreements:
UEs 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.
Agreements:
· The UL grant in MsgB fallbackRAR for transmitting the MsgA PUSCH payload in a Msg3 follows the uplink grant content of the 4-step RAR.
· FFS: need for “csi request”.
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


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.
Agreements:
· Aperiodic CSI report is not included in MsgA




In this contribution, we will present our further considerations on the issues relevant to the 2-step RACH procedures based on the reached agreements and the offline feature lead in last meeting. Observations and proposals are provided according to the discussions.
[bookmark: OLE_LINK1]Discussions
2-step RACH Parameter Configuration
In the meeting RAN1#98, we agreed that a separate PRACH-configuration index and a separated msg1-FDM can be configured for 2-step RACH In case of 4-step RACH and 2-step RACH with separately configured ROs. And 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, we have the following options:
· Option 1: the 2-step RACH ROs become invalid.
· Option 2: This is not expected by UE.
· Other options are not precluded
[bookmark: OLE_LINK6]There are many rows in the TABLE of PRACH configurations in time-domain, it is easy to configure 2-step RACH ROs which are fully separated with 4-step RACH ROs. Therefore, we suggested to adopt Option2 over Option1. The 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. 
Observation1: 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. 
Proposal1: 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. 

PUCCH Resource Indication for HARQ Feedback to Success MsgB 
We have agreed that if a UE receives a success RAR in MsgB, a HARQ-ACK feedback shall be responded to gNB. Remain issue is how to indicate the PUCCH resource for HARQ –ACK feedback for each UE, which receives a success RAR in the group-cast MsgB. For determine the exact position of PUCCH resource, two parameters, i.e., “PUCCH Resource index” and “PDSCH-to-HARQ_feedback timing indicator” shall be informed to each UE implicitly or explicitly. The PUCCH Resource Index determines the PUCCH resource position in a slot and the initial cyclical shift to generate the PUCCH, and the PDSCH-to-HARQ_feedback timing indicator determines which slot to carry the PUCCH. In our observation, in order to inform a group of UEs of their PUCCH resources through one DCI and one PDSCH(MsgB), we have the following options:
Option1: For the UE group related to one MsgB in group-cast manner, their PUCCH resources for HARQ-feedback are orthogonal in the same slot. In this option, the UE group use one common PDSCH-to-HARQ_feedback timing indicator to indicate the slot number, and use separate PUCCH Resource Index or use one PUCCH Resource Index with different UE-based offsets in non-slot level to decide the resource position in a slot. 
An example is shown in Fig.1. We can see that the feedback latency is dominated by the timing indicator. The main signalling cost comes from the PUCCH Resource Index indication. To reduce the specification impact, the PDSCH-to-HARQ_feedback timing indicator and PUCCH Resource Index can informed by the DCI as Rel.15, while the non-slot level UE-offset can be derived implicitly or explicitly through RAR. 
[image: ]
Fig. 1
Option2: For the UE group related to one MsgB in group-cast manner, their PUCCH resources for HARQ-feedback are in different slots, while with common PUCCH Resource Index. In this option, the UE group use separate PDSCH-to-HARQ_feedback timing indicator or one PDSCH-to-HARQ _feedback timing indicator with different UE-based offsets in slot level to indicate the slot number, and use one PUCCH Resource Index to decide the resource position in a slot. 
An example is shown in Fig.2. We can see that the timing indicator for each UE shall set different to avoid the interferences, resulting high feedback latency to some UEs. And the main signalling cost comes from the PDSCH-to-HARQ _feedback timing indicator indication. To reduce the specification impact, the PDSCH-to-HARQ_feedback timing indicator and PUCCH Resource Index can informed by the DCI as Rel.15, while the slot level UE-offset can be derived implicitly or explicitly through RAR.
[image: ] 
Fig. 2

Option3: For the UE group related to one MsgB in group-cast manner, their PUCCH resources for HARQ-feedback in the same or different slots. For any two UEs, if their PUCCH resources are in the same slot, the resources are orthogonal. If their PUCCH resources are different slots, the resources in each slot can be the same. In this option, the UE group use separate PDSCH-to-HARQ_feedback timing indicator or one PDSCH-to-HARQ_feedback timing indicator with different UE-based offset in slot level to indicate the slot number, and use separate PUCCH Resource Index or one PUCCH Resource Index with different UE-based offsets in non-slot level to decide the resource position in a slot. 
An example is shown in Fig.3. We can see that this option has high flexibility in price of high signalling cost to provide UE based PDSCH-to-HARQ_feedback timing indicator and PUCCH Resource Index. 
[image: ]
Fig. 3
We summarize our analysis about the three options in the TABLE1.
Table 1
	Options
	PDSCH-to-HARQ_feedback timing indicator
	PUCCH Resource Index
	Signalling Cost
	Flexibility
	Feedback Latency

	Option1
	Common
	UE-based
	Low
	Medium
	Depends

	
	Agreements
Alt.2
	Agreements
Alt.1/2/3
	
	
	

	Option2
	UE-based
	Common
	Low
	Low
	High

	
	Agreements
Alt.1/3/4
	Agreements
No
	
	
	

	Option3
	UE-based
	UE-based
	High
	High
	Depends

	
	Agreements
Alt.1/3/4
	Agreements
Alt. 1/2/3
	
	
	



According to the comparison, we suggest to adopt Option1 to use a common PDSCH-to-HARQ_feedback timing indicator and UE-based PUCCH Resource Index, due to the low signalling cost and low specification impact. With the candidate alternatives in the reached agreements, for the determination of PDSCH-to-HARQ_feedback timing indicator, the corresponding Alt2 is preferred. For the determination of UE-based PUCCH Resource Index, one of corresponding Alt1/2/3 can be adopted. However, Alt2 has minimum specification impact, which can be preferred. 
Observation2: For the UE group related to one MsgB in group-cast manner, their PUCCH resources for HARQ-feedback can be determined through one common PDSCH-to-HARQ_feedback timing indicator and UE-based PUCCH Resource Index, due to the low signalling cost and low specification impact.
Proposal 2: For the determination of PDSCH-to-HARQ_feedback timing indicator, the corresponding Alt2 is preferred. For the determination of UE-based PUCCH Resource Index, the corresponding Alt2 can be adopted, with minimum specification impact.
Power Ramping for MsgA PRACH Retransmission 
One of remain issues about the power ramping for MsgA PRACH retransmission is whether the power ramping counter is the same or not for 2-step RACH MsgA PRACH and 4-step RACH Msg1. In our observation, if 2-step RACH and 4-step RACH share same ROs, the power ramping counter can be set the same. If 2-step RACH and 4-step RACH use separate ROs, the power ramping counter can be set separately. And if 2-step RACH falls back to 4-step RACH to retransmit the preamble using the same beam, the power ramping counter is incremented based on the current power ramping counter in the 2-step RACH till the maximum power ramping time. If 2-step RACH falls back to 4-step RACH to retransmit the preamble using different beam, the power ramping counter switches to the one configured for 4-step RACH and starts from 0. The power ramping counter configured for 2-step RACH is suspended. 
Observation3: If 2-step RACH and 4-step RACH share same ROs, the power ramping counter can be set the same. If 2-step RACH and 4-step RACH use separate ROs, the power ramping counter can be set separately.
Proposal3: It is suggested that if 2-step RACH and 4-step RACH share same ROs, the power ramping counter can be set the same. If 2-step RACH and 4-step RACH use separate ROs, the power ramping counter can be set separately.

Conclusions
In this contribution, we have presented our further considerations on the issues relevant to the 2-step RACH procedures based on the reached agreements and the offline feature lead in last meeting. Observations and proposals include:

Observation1: 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. 
Proposal1: 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. 

Observation2: For the UE group related to one MsgB in group-cast manner, their PUCCH resources for HARQ-feedback can be determined through one common PDSCH-to-HARQ_feedback timing indicator and UE-based PUCCH Resource Index, due to the low signalling cost and low specification impact.
Proposal 2: For the determination of PDSCH-to-HARQ_feedback timing indicator, the corresponding Alt2 is preferred. For the determination of UE-based PUCCH Resource Index, the corresponding Alt2 can be adopted, with minimum specification impact.

Observation3: If 2-step RACH and 4-step RACH share same ROs, the power ramping counter can be set the same. If 2-step RACH and 4-step RACH use separate ROs, the power ramping counter can be set separately.
Proposal3: It is suggested that if 2-step RACH and 4-step RACH share same ROs, the power ramping counter can be set the same. If 2-step RACH and 4-step RACH use separate ROs, the power ramping counter can be set separately.
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