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1. Introduction
The detailed parameters of RACH resoureces for contention-free RA are FFS as illustrated in Annex A in this paper. As the Beam Failure Recovery (BFR) procedure is performed by the contention-free RA, it is also FFS for BFR. This paper attempts to fix the detailed parameters for contention-free RA emcompassing BFR.
2. Discussion
2.1. Dedicated RA resource placement
In RAN1#91, the detailed methodorogy on common PRACH resource placement was addressed [1-2]. On the other hand, it was left up RAN2 how the dedicated PRACH resource for handover is configured as below (highlighted in yellow):
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Agreements:
· Preamble indices for CBRA and CFRA are mapped consecutively for one SSB in one RACH transmission occasion.
· Association of CFRA preambles with SSBs can be reconfigured through UE-specific RRC signaling.
· Note: this does not preclude the gNB to possibly configure that the number of CFRA preambles per RO is smaller than the number of actually transmitted SSBs configured in RMSI
Agreements:
· gNB configures in RMSI the following:
· Number of CBRA preambles per SSB per RACH transmission occasion
· Number of SSBs per RACH occasion
· Number of CBRA preambles per SSB per RACH transmission occasion
· Maximum size for the range of values: 4 bits
· Number of SSBs per RACH occasion
· Maximum size for the range of values: 3 bits
Conclusion:
· Prach-configDedicated
· Note: This is configured for handover purposes.
· Up to RAN2



RAN1 agreed to allow the dedicated PRACH configuration which is isolated from those of common PRACH so that handover delay can be reduced. Thus, it is proposed to confirm RAN1 ageement and introduce the correspoinding signalling in RAN2. 
Proposal1: UE can be configured to use dedicated time and frequency PRACH resource (isolated from common PRACH resource) for CFRA.
While the signalling overhead might be increased, it would be preferable for NW to assign the PRACH resources in flexible way for both frequency and time domain. For frequency domain, the signalling is already flexible such that the prach resource potision could be signalled via prach-FreqOffset by 1 PRB step. For time domain, it needs to be discussed how the flexible mapping is achieved. Since the PRACH resource in time domain can be located in OFDM symbol level [6], the straight forward way is to indicate the subframe number, slot number and OFDM symbol number. It could be further discussed whether/how multiple/repeated PRACH resources can be indicated for PRACH retransmission, e.g. bitmap or explicitly signalling of periodicity.
Proposal2: For resource assignment, following principle is used:
- For frequency domain, rach-FreqOffset is used
- For time domain, as a baseline, UE is signalled subframe number, slot number and OFDM symbol number.
As per the methodorogy on dedicated PRACH resources, it should be clarified whether this is applicable for all use cases. For example, RAN1 has already informed RAN2 of the possible resources configuration, e.g. prach-FreqOffset and rach-ResourceMask in PRACH-ResourceDedicated BFR (as illustrated in Annex). We think that it is prefereable to use the unified methodology on dedicated resource assignment regardless of the use case. On the other hand, the pain of such flexible resource assignment may be signalling overhead. Especially, the increased bits are severe for DCI, i.e. PDCCH order. It should be further investigated the necessity of flexible dedicatred PRACH resource assignment in RAN1. 
Proposal3: Flexible dedicated time/frequency PRACH resource is supported for all CFRA cases where the resource is signalled via dedicated RRC signalling.
2.2. PRACH mask
For NR, RAN2 has not had discussion on whether PRACH mask is introduced or not. In LTE, PRACH mask was introduced to increase the capacity of dedicated resource by applying the time/frequency domain masking in LTE Rel-8 [4-5]. We think the similar concept is beneficial since, as explained in the previous sub-section, the possibility of dedicated resource exhaustion might be increased in NR. Therefore, it is proposed to introduce PRACH mask for NR. It is noted that RPACH mask index is assumed to be used only for common PRACH resource. 
Proposal4: Introduce PRACH mask for NR 
In LTE, PRACH mask is subjected to both time and frequency domain as below [3]: 
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Table 7.3-1: PRACH Mask Index values
	PRACH Mask Index
	Allowed PRACH (FDD)
	Allowed PRACH (TDD)

	0
	All
	All

	1
	PRACH Resource Index 0
	PRACH Resource Index 0

	2
	PRACH Resource Index 1
	PRACH Resource Index 1

	3
	PRACH Resource Index 2
	PRACH Resource Index 2

	4
	PRACH Resource Index 3
	PRACH Resource Index 3

	5
	PRACH Resource Index 4
	PRACH Resource Index 4

	6
	PRACH Resource Index 5
	PRACH Resource Index 5

	7
	PRACH Resource Index 6 
	Reserved

	8
	PRACH Resource Index 7
	Reserved

	9
	PRACH Resource Index 8
	Reserved

	10
	PRACH Resource Index 9
	Reserved

	11
	Every, in the time domain, even PRACH opportunity
1st PRACH Resource Index in subframe
	Every, in the time domain, even PRACH opportunity
1st PRACH Resource Index in subframe 

	12
	Every, in the time domain, odd PRACH opportunity
1st PRACH Resource Index in subframe
	Every, in the time domain, odd PRACH opportunity
1st PRACH Resource Index in subframe

	13
	Reserved
	1st PRACH Resource Index in subframe

	14
	Reserved
	2nd PRACH Resource Index in subframe

	15
	Reserved
	3rd  PRACH Resource Index in subframe



Since the resources assignment is more flexible in NR than LTE, we need to discuss how to adopt the RPACH mask. 
Time domain
In LTE, PRACH resource in time domain is subjected to subframe lavel, and thus, it masking is also subjected to subframe number. On the other hand, in NR, it is possible to locate PRACH resources in OFDM symbol level for NR [6]. Therefore, it should be discussed which level of masking is needed in time domain, subframe level, slot level or OFDM symbol level. Regarding the subframe level, as RAN1 specified the PRACH Configuartion Indices where more than one subframes are configured with PRACH resources and thus, this level is needed as in LTE. Regarding the slot level, RAN1 has defined the PRACH Configuration Indices where more than one slots in the same subframe are configured with PRACH resources. For OFDM symbol level,if the flexibility is allowed even this level, the signalling overhead would be14 times and thus it should be carefully investigated. Also, as addressed in [9], RAN1 may discuss how the PRACH resource is assigned considering association between SS block and RACH occasion. Thus, we could further investigate it. 
Proposal5: Time domain masking is subjected to at leaest subframe number and slot number in a radio frame.
The detailed masking pattern in time domain, we think that at least each subframe and slot number should be able to be signalled. Also, rough masking patterns, e.g. every even/odd PRACH opportunity in the time domain should be supported as for LTE. For other patterns, RAN2 should discuss. 
Proposal6: Time domain masking pattern covers at leat following:
- Subframe number
- Slot number
- Every even/odd PRACH opportunity in subframe level
- Every even/odd PRACH opportunity in slot level

Frequency domain
In LTE, since 3 PRACH resources can be available at most in frequency domain for TDD, PRACH mask is used to idenrify which PRACH resources in frequency domain is available for the UE. For NR, 8 PRACH resources could be FDMed at maximum and thus, it should be possible to mask each of them. It is noted that as for this frequency domain, RAN1 may address how to mask it considering association between SS block and RACH occasion [9].
Proposal7: Frequency domain masking is subjected to each FDMed PRACH resource(s).
Also, for NR, the UL resource configuration is more flexible from that in LTE. For example, UE can be configured with more than one band width part (BWP) and also configured with SUL. In the NR AH#1801, UP session was agreed to indicate BWP and UL (SUL or Non-SUL) in PDCCH order [7-8]. Assuming that PRACH mask index is signalled separatelty from such indications, it can be assumed that the frequency domain masking is subjected to PRACH resource(s) in a BWP and UL.
Proposal8: Frequency domain masking is subjected to PRACH resource(s) in a BWP and UL. 
3. Summary and proposal
This paper addresses the CFRA resources in terms of dedicated PRACH resource and PRACH mask. Followings are proposed:
Proposal1: UE can be configured to use dedicated time and frequency PRACH resource (isolated from common PRACH resource) for CFRA.
Proposal2: For resource assignment, following principle is used:
- For frequency domain, rach-FreqOffset is used
- For time domain, as a baseline, UE is signalled subframe number, slot number and OFDM symbol number.
Proposal3: Flexible dedicated time/frequency PRACH resource is supported for all CFRA cases where the resource is signalled via dedicated RRC signalling.
Proposal4: Introduce PRACH mask for NR 
Proposal5: Time domain masking is subjected to at leaest subframe number and slot number in a radio frame.
Proposal6: Time domain masking pattern covers at leat following:
- Subframe number
- Slot number
- Every even/odd PRACH opportunity in subframe level
- Every even/odd PRACH opportunity in slot level
Proposal7: Frequency domain masking is subjected to each FDMed PRACH resource(s).
Proposal8: Frequency domain masking is subjected to PRACH resource(s) in a BWP and UL. 
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Annex A:
ASN.1 structure on RACH-Config and BeamFailureRecoveryConfig


image1.emf
zeroCorrelationZoneConfig INT (0..15),

preambleRcvedTargetPower ENUM {dBm-120 to dBm6 (2dB step)},

preambleTransMax ENUM {n3, n4, n5, n6, n7, n8, n10, n20, n50, n100, n200},

powerRampingStep ENUM {dB0, dB2, dB4, dB6},

ra-ResponseWindow ENUM {sl1, sl2, sl4, sl8, sl10, sl20, sl40, sl80}

rach-ConfigCommonGeneric RACH-ConfigCommonGeneric,

groupBconfigured GroupBconfigured,

ra-ContentionResolutionTimerENUMERATED { sf8, sf16, sf24, sf32, sf40, sf48, sf56, sf64},

rsrp-ThresholdSSB RSRP-Range,

sul-RSRP-Threshold RSRP-Range,

prach-ConfigurationIndex INTEGER (0..255),

prach-RootSequenceIndex CHOICE {

l839 INTEGER (0..837),

l139 INTEGER (0..137)},

msg1-SubcarrierSpacing SubcarrierSpacing,

msg1-FDM ENUMERATED {one, two, four, eight},

msg1-FrequencyStart INTEGER(0..maxNrofPhysicalResourceBlocks-1),

restrictedSetConfig ENUMERATED {unrestSet, restSetTypeA, restSetTypeB},

ssb/RACH-Occasion&CB-Preambles/SSB SSB/RACH-Occasion&CB-Preambles/SSB,

msg3-SubcarrierSpacing SubcarrierSpacing,

msg3-transformPrecoding ENUMERATED {enabled}

ra-Msg3SizeGrA ENUM {b56, b144, b208, b256, b282, b480, b640, b800, b1000, spares},

msgPowOffsetGrB ENUM { -ꝏ, dB0, dB5, dB8, dB10, dB12, dB15, dB18},

numOfRA-PreaGrA FFS_Value

CHOICE {oneEighth ENUMERATED {n4 to n64 (multiple of 4)}, 

oneFourth ENUMERATED {n4 to n64 (multiple of 4)}, 

oneHalf ENUMERATED {n4 to n64 (multiple of 4)}, 

one ENUMERATED {n4 to n64 (multiple of 4)}, 

two ENUMERATED {n4 to n32 (multiple of 4)}, 

four INTEGER (1..16), 

eight INTEGER (1..8), 

sixteen INTEGER (1..4)}

cfra-Resources CFRA-Resources,

cfra-msg1-SubcarrierSpacing SubcarrierSpacing,

cfra-msg2-SubcarrierSpacing SubcarrierSpacing

cfra-ssb-ResourceList,

cfra-csirsSEQUENCE {

cfra-csirs-ResourceList,

cfra-csirs-DedicatedRACH-Threshold RSRP-Range}

ssb SSB-Id,

ra-PreambleIndex INT (0..63),

ra-Resources RA-Resources

csi-RS NZP-CSI-RS-ResourceId,

ra-PreambleIndex INT (0..63),

ra-Resources RA-Resources

FFS

FFS

rootSequenceIndex-BFR INTEGER (0..137),

rach-ConfigCommon-BFR RACH-ConfigCommonGeneric,

beamFailureRecoveryTimer FFS_Value,

beamFailureCandidateBeamThreshold RSRP-Range,

candidateBeamRSList,

recoveryControlResourceSetIdControlResourceSetId,

zeroCorrelationZoneConfig INT (0..15),

preambleRcvedTargetPower ENUM {dBm-120 to dBm6 (2dB step)},

preambleTransMax ENUM {n3, n4, n5, n6, n7, n8, n10, n20, n50, n100, n200},

powerRampingStep ENUM {dB0, dB2, dB4, dB6},

ra-ResponseWindow ENUM {sl1, sl2, sl4, sl8, sl10, sl20, sl40, sl80}

candidateBeam-RS CHOICE {

ssb-IndexSSB-Index,

csi-RS-Index NZP-CSI-RS-ResourceId},

ra-PreambleIndex FFS_Value,

prach-FreqOffset FFS_Value,

rach-ResourceMaskFFS_Value

CFRA-SSB-Resource

List (1..maxRA-SSB-Resources))

CFRA-CSIRS-Resource

List (1..maxRA-CSIRS-Resources))

PRACH-

ResourceDedicatedBFR

List (1..maxNrofCandidateBeams)

NZP-CSI-RS-Resource 

in CSI-MeasConfig

ControlResourceSet 

in PDCCH-Config


Microsoft_Visio___.vsdx
zeroCorrelationZoneConfig	INT (0..15),
preambleRcvedTargetPower	ENUM {dBm-120 to dBm6 (2dB step)},
preambleTransMax		ENUM {n3, n4, n5, n6, n7, n8, n10, n20, n50, n100, n200},
powerRampingStep		ENUM {dB0, dB2, dB4, dB6},
ra-ResponseWindow		ENUM {sl1, sl2, sl4, sl8, sl10, sl20, sl40, sl80}
RACH-ConfigCommonGeneric

rach-ConfigCommonGeneric	RACH-ConfigCommonGeneric,
groupBconfigured		GroupBconfigured,
ra-ContentionResolutionTimer	ENUMERATED { sf8, sf16, sf24, sf32, sf40, sf48, sf56, sf64},
rsrp-ThresholdSSB		RSRP-Range,
sul-RSRP-Threshold		RSRP-Range,
prach-ConfigurationIndex	INTEGER (0..255),
prach-RootSequenceIndex	CHOICE {
	l839	INTEGER (0..837),
	l139	INTEGER (0..137)},
msg1-SubcarrierSpacing	SubcarrierSpacing,
msg1-FDM		ENUMERATED {one, two, four, eight},
msg1-FrequencyStart	INTEGER(0..maxNrofPhysicalResourceBlocks-1),
restrictedSetConfig		ENUMERATED {unrestSet, restSetTypeA, restSetTypeB},
ssb/RACH-Occasion&CB-Preambles/SSB	SSB/RACH-Occasion&CB-Preambles/SSB,
msg3-SubcarrierSpacing	SubcarrierSpacing,
msg3-transformPrecoding	ENUMERATED {enabled}
RACH-ConfigCommon

ra-Msg3SizeGrA	ENUM {b56, b144, b208, b256, b282, b480, b640, b800, b1000, spares},
msgPowOffsetGrB	ENUM { -ꝏ, dB0, dB5, dB8, dB10, dB12, dB15, dB18},
numOfRA-PreaGrA	FFS_Value
GroupBconfigured

CHOICE {oneEighth	ENUMERATED {n4 to n64 (multiple of 4)}, 
	oneFourth	ENUMERATED {n4 to n64 (multiple of 4)}, 
	oneHalf	ENUMERATED {n4 to n64 (multiple of 4)}, 
	one	ENUMERATED {n4 to n64 (multiple of 4)}, 
	two	ENUMERATED {n4 to n32 (multiple of 4)}, 
	four	INTEGER (1..16), 
	eight	INTEGER (1..8), 
	sixteen	INTEGER (1..4)}
SSB/RACH-Occasion&CB-Preambles/SSB

cfra-Resources		CFRA-Resources,
cfra-msg1-SubcarrierSpacing	SubcarrierSpacing,
cfra-msg2-SubcarrierSpacing	SubcarrierSpacing
RACH-ConfigDedicated

cfra-ssb-ResourceList,


cfra-csirs	SEQUENCE {
cfra-csirs-ResourceList,



cfra-csirs-DedicatedRACH-Threshold	RSRP-Range}
CFRA-Resources

ssb		SSB-Id,
ra-PreambleIndex	INT (0..63),
ra-Resources	RA-Resources
CFRA-SSB-Resource

csi-RS		NZP-CSI-RS-ResourceId,
ra-PreambleIndex	INT (0..63),
ra-Resources	RA-Resources
CFRA-CSIRS-Resource

FFS
RA-Resources

FFS
RA-Resources

rootSequenceIndex-BFR	INTEGER (0..137),
rach-ConfigCommon-BFR	RACH-ConfigCommonGeneric,
beamFailureRecoveryTimer	FFS_Value,
beamFailureCandidateBeamThreshold	RSRP-Range,
candidateBeamRSList,




recoveryControlResourceSetId	ControlResourceSetId,
BeamFailureRecoveryConfig

zeroCorrelationZoneConfig	INT (0..15),
preambleRcvedTargetPower	ENUM {dBm-120 to dBm6 (2dB step)},
preambleTransMax		ENUM {n3, n4, n5, n6, n7, n8, n10, n20, n50, n100, n200},
powerRampingStep		ENUM {dB0, dB2, dB4, dB6},
ra-ResponseWindow		ENUM {sl1, sl2, sl4, sl8, sl10, sl20, sl40, sl80}
RACH-ConfigCommonGeneric

candidateBeam-RS	CHOICE {
	ssb-Index	SSB-Index,
	csi-RS-Index	NZP-CSI-RS-ResourceId},
ra-PreambleIndex	FFS_Value,
prach-FreqOffset	FFS_Value,
rach-ResourceMask	FFS_Value
PRACH-ResourceDedicatedBFR

CFRA-SSB-Resource
List (1..maxRA-SSB-Resources))
CFRA-CSIRS-Resource
List (1..maxRA-CSIRS-Resources))
PRACH-ResourceDedicatedBFR
List (1..maxNrofCandidateBeams)
NZP-CSI-RS-Resource in CSI-MeasConfig
ControlResourceSet in PDCCH-Config



