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1. Introduction
RACH procedure for NR system is mostly completed and we discuss remaining details based on the agreements/working assumptions in the previous meeting. In addition, we discuss further on CORESET configuration for RACH procedure and the contention-free RACH procedure. 

Discussion
The minimum timing gap and the time period for SSB to RO association
Firstly, we would like to propose confirm the following working assumptions on the minimum timing gap and the time period for SSB to RO association. It would be fine to have larger values for the number of multiple PRACH configuration period as 8 or 16.
	Working assumption:
· Minimum time gap between the end of PDSCH for Msg4 and the start of HARQ-ACK equals to the duration of N1 + L2.
· N1 refers to the UE processing time value determined in the HARQ/scheduling session with front loaded plus additional DMRS and UE capability #1
· L2=500 usec refers to the MAC layer processing time
· Note: the reason for working assumption is due to potential concern over satisfying ITU requirement (to be checked) 
Working assumption:
· Time period for SSB to RO association is multiple of PRACH configuration periods
· The number of multiple PRACH configuration periods in the time period is the smallest value in the set {1, 2, 4} such that the number is
≥ Actually transmitted SSBs / SSBs that can be mapped to one PRACH config period
· The time period starts from frame 0


Proposal 1: 
· Confirm the working assumptions for the minimum timing gap and the time period for SSB to RO association.

DCI contents scheduling MSG4
We also would like to propose confirm the working assumptions on the bit field composition for RAR, DCI contents to schedule MSG2 and MSG3. On the other hand, DCI contents scheduling MSG4 need to be clarified. The downlink assignment index can be used to allocate PUCCH resource in conjunction with PUCCH resource allocation field. For the PDSCH-to-HARQ_feedback timing indicator, default value ranging from 1 to 8 can be used here while satisfying the minimum timing gap for MSG4 to HARQ ACK, N1+L1. If any of the default value cannot meet the minimum timing gap, the specific values are to be restricted for this purpose and the remaining values are only the candidate timing value for the MSG4 to HARQ ACK timing. 
	Agreements:
· Msg4 using DCI format 1-0 with TC-RNTI
· working assumption according to the table below
	Field
	Bits
	Comment

	Identifier for DCI formats
	1
	Indicate DL

	Frequency domain resource assignment
	
	

	Time domain resource assignment
	?
	

	VRB-to-PRB mapping
	1
	

	Modulation and coding scheme
	5
	Use UE-capability-independent MCS table 
Assume LBRM in the UE? Check!

	New data indicator
	1
	

	Redundancy version
	2
	

	HARQ process number
	4
	

	Downlink assignment index
	2
	Reserved from functionality point-of-view
(ongoing discussion in PUCCH session whether to use these bits for other purposes or not)

	TPC command for scheduled PUCCH
	2
	

	PUCCH resource indicator
	3
	

	PDSCH-to-HARQ_feedback timing indicator
	3
	Used but potentially different interpretation





Proposal 2: 
· The downlink assignment index can be used to allocate PUCCH resource in conjunction with PUCCH resource allocation field.
· For the PDSCH-to-HARQ_feedback timing indicator, default values satisfying the minimum timing gap for MSG4 to HARQ ACK (i.e., N1+L1) can be used to indicate UL feedback timing.

CONTENTS of DCI triggering RACH procedure
In order to trigger RACH procedure by PDCCH order, DCI should include the information on SS block index and RO, which is decided in RAN1 in the previous meeting. In addition, to indicate RO more clearly, DCI should indicate which RO within the PRACH configuration period using PRACH mask if the room for the information in the DCI is available. Expected amount of information that should be included in the DCI to trigger RACH procedure would be at least 25bits (SSB and RO indication: 9bits, Preamble index: 6bits, PRACH mask index: [10] bits). 
Observation 1:
· Expected amount of information that should be included in the DCI to trigger RACH procedure would be at least 25bits (SSB and RO indication: 9bits, Preamble index: 6bits, PRACH mask index: [10] bits).

CORESET for RACH procedure
After UE transmits PRACH preamble on a RACH occasion, UE should monitor the RAR within the configured RAR window. Since RAR is transmitted via PDSCH, UE monitors the corresponding PDCCH using the RA-RNTI and the time-frequency information on which the DCI (Downlink Control Indicator) scheduling RAR should be known by the UE. Hence, the control resource set (CORESET), the potential symbol and slot position of the DCI for scheduling RAR can be indicated by the network via e.g. RACH configuration information. The CORESET for RACH procedure can be provided in the RMSI (e.g. RACH configuration). If the configuration of CORESET for RACH procedure is not provided, The CORESET for RMSI reception is used for the RACH procedure. In other words, all of the messages involved in the PDCCH transmission such as MSG2/MSG3 retransmission/MSG4 scheduling share the same CORESET during the RACH procedure.
Proposal 3: 
· All of the messages involved in the PDCCH transmission such as MSG2/MSG3 retransmission/MSG4 scheduling share the same CORESET during the RACH procedure.

Monitoring Window for RACH procedure
UE monitors RARs within the configured window after PRACH MSG1 transmission. Due to multiple beam operation, not only DCI for RAR but also DCI for MSG3 retransmission/MSG4 scheduling are to be monitored within the configured window. The window sizes for each messages are not necessarily different and hence we propose that a single configured window size is used for RAR reception, DCI for MSG3 retransmission and DCI for MSG4 scheduling reception. 
The monitoring window for RAR reception starts from the first ‘valid’ DL slot considering minimum timing gap after UE transmits PRACH preamble. The monitoring window for MSG3 retransmission/MSG4 scheduling starts from the first valid DL slot after UE transmits MSG3. 
Proposal 4: 
· Monitoring window(s) for the reception of DCIs scheduling MSG2/ MSG3 retransmission/MSG4 is configured. The length of monitoring window for each message reception can be the same. 

Monitoring Occasions for RACH procedure
Within the monitoring window, it is much preferable the UE monitors every slot for the reception of RACH messages. Within a slot, which symbols within each slot the UE should monitor, i.e. monitoring occasion needs to be clarified. Different from that the broadcast system information is transmitted with the association of the SS block indices, messages for RACH procedure are not necessarily associated with the SS/PBCH bock indices. The candidate monitoring occasion for RAR reception in a slot can be given to a UE, and the UE expects that the DCIs for RACH messages can be transmitted on the indicated monitoring occasions in each slot within the monitoring window. 
If the number of monitoring occasions for the reception of RMSI is indicated as one in a slot in the PBCH, all UEs in the system monitor PDCCH monitoring occasion starting from the first symbol in each slot during the monitoring window. If the indicated number of monitoring occasions is two in a slot, UE needs to know which monitoring occasions to monitor in a slot, the one staring from the first symbol in a slot or staring in the middle of the slot (e.g., 2nd, 3rd and 7th). The monitoring occasion is associated with SS/PBCH block index and the simpler way is to tie RA-RNTI value since the SS/PBCH block index is already associated with RA-RNTI generation. For example, if the RA-RNTI value is even, UE tries to detect the PDCCH in the monitoring occasion staring from the first symbol in every slot within the monitoring window. Otherwise, if the RA-RNTI value is odd, UE tries to detect the PDCCH in the monitoring occasions in the middle of every slot within the monitoring window. 
Proposal 5:
· UE monitors every slot within the monitoring window for the reception of RACH MSG2/MSG3 retransmission/ MSG4 scheduling DCI. 
· If the number of monitoring occasions for the reception of system information(e.g., RMSI) is indicated as one in a slot in PBCH, all UEs in the system monitor PDCCH monitoring occasion starting from the first symbol in each slot during the monitoring window. 
· If the number of monitoring occasions for the reception of system information (e.g., RMSI) is indicated as two in a slot in PBCH.
· Part of UEs monitor the PDCCH in the monitoring occasion starting from the first symbol in each slot within the monitoring window
· Rest of UEs monitor the PDCCH in the monitoring occasion in the middle of each slot within the monitoring window
· The value of RA-RNTI (e.g. even or odd) can be the reference of determining the position of monitoring occasion for each UE. 

Conclusion 
In this contribution, we discuss details on the PRACH configurations and RACH procedure. We proposed as follows: 
The minimum timing gap and the time period for SSB to RO association
Proposal 1: 
· Confirm the working assumptions for the minimum timing gap and the time period for SSB to RO association.

DCI contents scheduling MSG4
Proposal 2: 
· The downlink assignment index can be used to allocate PUCCH resource in conjunction with PUCCH resource allocation field.
· For the PDSCH-to-HARQ_feedback timing indicator, default values satisfying the minimum timing gap for MSG4 to HARQ ACK (i.e., N1+L1) can be used to indicate UL feedback timing.
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CONTENTS of DCI triggering RACH procedure
Observation 1:
· Expected amount of information that should be included in the DCI to trigger RACH procedure would be at least 25bits (SSB and RO indication: 9bits, Preamble index: 6bits, PRACH mask index: [10] bits).

CORESET for RACH procedure
Proposal 3: 
· All of the messages involved in the PDCCH transmission such as MSG2/MSG3 retransmission/MSG4 scheduling share the same CORESET during the RACH procedure.

Monitoring Window for RACH procedure
Proposal 4: 
· Monitoring window(s) for the reception of DCIs scheduling MSG2/ MSG3 retransmission/MSG4 is configured. The length of monitoring window for each message reception can be the same. 

Monitoring Occasions for RACH procedure
Proposal 5:
· UE monitors every slot within the monitoring window for the reception of RACH MSG2/MSG3 retransmission/ MSG4 scheduling DCI. 
· If the number of monitoring occasions for the reception of system information(e.g., RMSI) is indicated as one in a slot in PBCH, all UEs in the system monitor PDCCH monitoring occasion starting from the first symbol in each slot during the monitoring window. 
· If the number of monitoring occasions for the reception of system information (e.g., RMSI) is indicated as two in a slot in PBCH.
· Part of UEs monitor the PDCCH in the monitoring occasion starting from the first symbol in each slot within the monitoring window
· Rest of UEs monitor the PDCCH in the monitoring occasion in the middle of each slot within the monitoring window
· The value of RA-RNTI (e.g. even or odd) can be the reference of determining the position of monitoring occasion for each UE. 
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