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1. Introduction
This contribution discusses remaining details regarding PRACH procedures, especially for CSI-RS associated RACH procedure and UE behaviors on RO selection.

2. Remaining issues in RACH procedure

2.1 Simultaneous transmission of PRACH and PUSCH/PUCCH/SRS
RAN1 reached an agreement on Simultaneous transmission of PRACH and other channels as shown below in RAN1#92bis. [1]
	Agreements:
UE does not simultaneously transmit PRACH and PUSCH/PUCCH/SRS in, at least, single CC and in intra-band CA, during any of the following scenarios:
· Same slot 
· When the gap between the end of PRACH (PUSCH/PUCCH/SRS) and the start of PUSCH/PUCCH/SRS (PRACH) is less than N symbols
· N = 2 for 15 kHz and 30 kHz SCS. 
· N = 4 for 60 kHz and 120 kHz SCS.
· Working assumption: Reference SCS for determining N is the SCS for UL BWP.
· FFS: inter-band CA.
· Transmission of PRACH or SR (on PUCCH) if any, is up to UE implementation.



For the inter-band CA case, it is still unclear whether simultaneous transmission of PRACH and other channels can be allowed or not considering the potential case that the edge of the band is sufficiently close each other. At least, it can be supported to transmit PRACH in FR1 and other channels in FR2 simultaneously (or vice versa). However, inside the FR1 or inside FR2, it is safer not to allow simultaneous transmission of PRACH and PUSCH/PUCCH/SRS.

Proposal 1:
· UE does not simultaneously transmit PRACH and PUSCH/PUCCH/SRS in inter-band CA, except
· PRACH in FR1 and PUSCH/PUCCH/SRS in FR2, or vice versa



2.2 UE behavior on RO selection 	
RAN2 recently updated the UE bahavior on RO selection in MAC specification as shown below. Based on the update, if PRACH transmission is needed, a UE has to choose the next available PRACH occasions associated with the selected SSB and choose the PRACH occasion randomly among ROs in frequency domain with equal proability regardless of the RACH configuration.
	In agreed CR for TS38.321 (MAC spec)
1>	if an SSB is selected above and an association between PRACH occasions and SSBs is configured:
2>	determine the next available PRACH occasion from the PRACH occasions corresponding to the selected SSB permitted by the restrictions given by the ra-ssb-OccasionMaskIndex if configured (the MAC entity shall select a PRACH occasion randomly with equal probability amongst the PRACH occasions occurring simultaneously but on different subcarriers, corresponding to the selected SSB; the MAC entity may take into account the possible occurrence of measurement gaps when determining the next available PRACH occasion corresponding to the selected SSB).
1>	else if a CSI-RS is selected above and an association between PRACH occasions and CSI-RSs is configured:
2>	determine the next available PRACH occasion from the PRACH occasions in ra-OccasionList corresponding to the selected CSI-RS (the MAC entity shall select a PRACH occasion randomly with equal probability amongst the PRACH occasions occurring simultaneously but on different subcarriers, corresponding to the selected CSI-RS; the MAC entity may take into account the possible occurrence of measurement gaps when determining the next available PRACH occasion corresponding to the selected CSI-RS).



If we follow the UE behaviour in MAC spec, the UE always choose the earlist RO associated with the SSB of intesrst for it’s transmission of PRACH. However, if RACH resource is configured that multiple ROs in time domain are associated with a single SSB, i.e. ssb-perRACH-OccasionAndCB-PreamblesPerSSB < 1 and msg1-FDM =1 as shown in Figure 1, choosing next available PRACH occasion makes unequal collision probability between ROs so the overall RACH collision rate can be increased.
For example, if a UE chooses SSB1 for the transmission of PRACH, then more UEs are more likely to choose RO1 rather than RO2. Straightforwardly, there will be more collision rate in RO1 than RO2. Similarly, the collision rate of RO3 (or RO5) would be higher than RO4 (or RO6).
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[bookmark: _Ref513589420]Figure 1: Multiple ROs associated with a single SSB in different time

In order to equalize the collision probability among the ROs that are located in different time but associated with the same SSB, it is proposed that UE chooses one RO randomly amongst the set of ROs. Here the set includes ROs of the number of 1 over ssb-perRACH-OccasionAndCB-PreamblesPerSSB, and they are consecutive in either time domain or frequency domain or both domains.
Note that if a single SSB is configured in a cell, UE always chooses the earlist RO for the transmission of PRACH.

Proposal 2:
· If a single SSB is configured in a cell, 
· UE chooses the earlist RO for the transmission of PRACH.
· Otherwise, 
· UE chooses the earliest set of ROs associated with the chosen SSB
· The set includes ROs of the number of 1 over ssb-perRACH-OccasionAndCB-PreamblesPerSSB
· Inside the set, ROs are consecutive in either time domain or frequency domain or both time and frequency domains
· UE randomly chooses one RO amongst the chosen set of ROs with the equal probability
· Send an LS to RAN2 about RAN1 decision 

2.3 Remaining issues for PDCCH order
We have the following RAN1 agreement on the PDCCH order in RAN1#92bis. 	
	Agreements:
· PDCCH order for RACH procedure includes the following fields:
· Random Access Preamble index – 6 bits. Indicating which Random access preamble to use in case of contention-free random access procedure, or the value 000000 in case of contention-based random access procedure
· For CFRA only:
· FFS BWP index. Indicating which BWP to transmit the Random access preamble on
· SUL indicator – 1 bit. Indicating whether to transmit the Random access preamble on SUL or normal uplink carrier
· SSB index - 6 bits are used to indicate an SSB index, which, in turn, identifies a group of RACH occasions
· RACH occasion index - 3 bits are used to indicate the relative RACH occasion index that corresponds to the indicated SSB index identified group of RACH occasions



2.3.1 RACH occasion index
RAN2 sent an LS to RAN1 regarding their assumption on PRACH mask as shown in [2] requesting RAN adopts the name “PRACH mask index” instead of “relative PRACH occasion index” and increase the number of bits for PRACH mask index field from 3 to 4. It is proposed that RAN1 simply follow RAN2’s suggestions.

Proposal 3:
· For PDCCH-triggered CFRA procedure 
· Change the name “relative PRACH occasion index” to “PRACH mask index”
· Increase the number of bits to indicate the “PRACH mask index” from 3 bits to 4


2.3.2 CSI-RS associated RACH
RAN1’s agreement on DCI information for PDCCH triggered RACH procedure shown above only assumes PRACH which is associated with SSB. However PRACH which is associated with CSI-RS has to be also considered for PDCCH configured RACH procedure. If gNB needs PRACH associated with CSI-RS configured for a UE, then it has to indicate the CSI-RS resource index using DCI for PDCCH-triggered CFRA procedure.
Proposal 4:
· For PDCCH-triggered CFRA procedure 
· CSI-RS resource index can be indicated for CSI-RS associated PRACH
· 7 bits are used to indicate the CSI-RS resource index to support maxRA-CSIRS-Resources which is 96 as defined in 38.331 [3]
· 1 additional bit may be needed to indicate whether the PDCCH order is for CSI-RS associated PRACH or SSB associated PRACH

2.4 Association between PRACH and CSI-RS
We have the following RAN1 agreement on the assocation between PRACH and CSI-RS especially for handover purpose. 
	Agreements:
· At least for handover case, a source cell can indicate in the handover command, 
· Association between RACH resources and CSI-RS configuration(s)
· Association between RACH resources and SS blocks
· A set of dedicated RACH resources (FFS: time/frequency/sequence)
· Note that above CSI-RS configuration is UE-specifically configured




One more issue is that based on above agreement, RAN2 has defineed the association between CSI-RS and PRACH as shown below [3].
	In RACH-ConfigDedicated IE

-- ASN1START
-- TAG-RACH-CONFIG-DEDICATED-START

-- FFS_Standlone: resources for msg1-based on-demand SI request

RACH-ConfigDedicated ::=		SEQUENCE {
	-- Resources for contention free random access to a given target cell
	cfra-Resources					CFRA-Resources, 
	...
}

CFRA-Resources ::= 				CHOICE {
	ssb								SEQUENCE {
		ssb-ResourceList				SEQUENCE (SIZE(1..maxRA-SSB-Resources)) OF CFRA-SSB-Resource,
		-- Explicitly signalled PRACH Mask Index for RA Resource selection in TS 36.321. The mask is valid for all SSB
		-- resources signalled in ssb-ResourceList
		ra-ssb-OccasionMaskIndex		INTEGER (0..15)
	},
	csirs							SEQUENCE {
		csirs-ResourceList				SEQUENCE (SIZE(1..maxRA-CSIRS-Resources)) OF CFRA-CSIRS-Resource,
		cfra-csirs-DedicatedRACH-Threshold	RSRP-Range
	}
}

CFRA-SSB-Resource ::= 			SEQUENCE {
	-- The ID of an SSB transmitted by this serving cell. 
	ssb								SSB-Index,
	-- The preamble index that the UE shall use when performing CF-RA upon selecting the candidate beams identified by this SSB.
	ra-PreambleIndex				INTEGER (0..63),
	...
}

CFRA-CSIRS-Resource ::= 		SEQUENCE {
	-- The ID of a CSI-RS resource defined in the measurement object associated with this serving cell.
	csi-RS							CSI-RS-Index,
	-- RA occasions that the UE shall use when performing CF-RA upon selecting the candidate beam identified by this CSI-RS.
	ra-OccasionList					SEQUENCE (SIZE(1..maxRA-OccasionsPerCSIRS)) OF INTEGER (0..maxRA-Occasions-1),
	-- The RA preamble index to use in the RA occasions assoicated with this CSI-RS.
	ra-PreambleIndex				INTEGER (0..63),	
	...
}

-- TAG-RACH-CONFIG-DEDICATED-STOP
-- ASN1STOP




In the IE “CFRA-CSIRS-Resource”, there is association rule between PRACH and CSI-RS but there is no information regarding reference tx power for CSI-RS which has to be used for the open loop power control for transmission of PRACH in case of handover scenario. 
Meanwhile, for the PRACH transmission for the beam failure recoverty, it is defined that UE can have the information on the CSI-RS tx power derived from “ss-PBCH-BlockPower” and “powerControlOffsetSS” defined in RRC specification. Similarlary, those IEs have to be given to UE for CSI-RS based handover scenario in order to enable the open loop power control for PRACH.
RAN2 has not defined the handover command message yet because standalone proceduer is being targetted for June specification. For June specification, it is proposed to provide this information to RAN2 for defining handover related RRC messages. 
 Proposal 5:
· Reference transmit power information for CSI-RS has to be given to UE for enabling open loop power control of PRACH when the PRACH is associated with CSI-RS during handover
3. Conclusions
In this contribution we have discussed open issues regarding random access procedures. We have the following proposals based on discussions above:

Proposal 1:
· UE does not simultaneously transmit PRACH and PUSCH/PUCCH/SRS in inter-band CA, except
· PRACH in FR1 and PUSCH/PUCCH/SRS in FR2, or vice versa

Proposal 2:
· If a single SSB is configured in a cell, 
· UE chooses the earlist RO for the transmission of PRACH.
· Otherwise, 
· UE chooses the earliest set of ROs associated with the chosen SSB
· The set includes ROs of the number of 1 over ssb-perRACH-OccasionAndCB-PreamblesPerSSB
· Inside the set, ROs are consecutive in either time domain or frequency domain or both time and frequency domains
· [bookmark: _GoBack]UE randomly chooses one RO amongst the chosen set of ROs with the equal probability
· Send an LS to RAN2 about RAN1 decision 

Proposal 3:
· For PDCCH-triggered CFRA procedure 
· Change the name “relative PRACH occasion index” to “PRACH mask index”
· Increase the number of bits to indicate the “PRACH mask index” from 3 bits to 4

Proposal 4:
· For PDCCH-triggered CFRA procedure 
· CSI-RS resource index can be indicated for CSI-RS associated PRACH
· 7 bits are used to indicate the CSI-RS resource index to support maxRA-CSIRS-Resources which is 96 as defined in 38.331 [3]
· 1 additional bit may be needed to indicate whether the PDCCH order is for CSI-RS associated PRACH or SSB associated PRACH

Proposal 5:
· Reference transmit power information for CSI-RS has to be given to UE for enabling open loop power control of PRACH when the PRACH is associated with CSI-RS during handover
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