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Introduction
During ASN.1 review, the signaling of random access parameters was discussed based on issue M063. The parameters for contention based random access were settled in the RAN2 NR ad hoc, but more time was needed to check the signaling for dedicated random access parameters and signaling for BFR related random access. At least following issues were left open:
1. Signaling of parameters for CSI-RS based random access
2. Relation of random access parameters for “normal” and for beam failure recovery (BFR)
This contribution addresses these remaining issues. 
[bookmark: _Ref178064866]Discussion
Beam Failure Recovery
For BFR, our preference would be to 
1) Use separate random access resources for contention free BFR. The simplest way to achieve this is configure random access occasions for BFR with a separate frequency offset, which is aligned with RAN1 agreements. However, it may also be possible to allow signaling for separation in time domain, even though this has not been agreed to be supported in RAN1 (see section 3 for a proposal). Our proposed solution will work as long as the network does not configure overlapping random access occasions for BFR and normal random access.
2) Use normal contention based resources for contention based BFR (i.e. there is no allocation of contention based preambles for RA occasions dedicated to BFR).
For dedicated BFR random access, there is potentially a need to have a dedicated preamble per beam per UE. This may require a huge number of dedicated preambles reserved for BFR purposes. Network will need to be maintain these preambles e.g. when users enter or leave the cell or simply moving within a cell, and mixing these with normal random access configuration may lead to excessive reconfigurations. Furthermore, separating the RA occasions for BFR and normal random access makes it easy to apply the RAN1 implicit mapping to BFR occasions and normal occasions independently. Having a joint mapping of SSBs to normal and BFR occasions may lead to a situation where a UE not configured with BFR would still need to receive a BFR configuration just to be able to perform a random access.
1. [bookmark: _Toc506286125][bookmark: _Toc506286547][bookmark: _Toc506286552][bookmark: _Toc506467873]Separate random access occasions are configured for contention free BFR by configuring a frequency offset between normal random access occasions and dedicated BFR occasions.
In order to enable the separate configuration of random access occasions for BFR, some additional parameters would need to be moved to RACH-ConfigCommonGeneric:
· prach-ConfigurationIndex. This allows more frequent RA occasions for BFR. The network may choose to provide PRACH Indexes containing RA occasions not overlapping in time for BFR and normal random access, or may use a different frequency offset to avoid ambiguity.
· msg1-FDM and msg1-FrequencyStart. These allow a separate frequency multiplexing configuration for BFR.
In addition, there is a need configure the number of SSBs per random access occasion.
The main justification for sharing the contention based resources is that using contention based BFR should be relatively rare, and the performance gain of being able to identify a BFR already in msg1 are small, since msg3 needs to be transmitted anyway to identify which UE transmitted the PRACH. Reserving a number of contention based preambles in the dedicated BFR occasions then simply reduces the capacity available for dedicated preambles. Furthermore, if the BFR occurs only seldom, this would allow a configuration using only contention based random access resources for BFR.
1. [bookmark: _Toc506286126][bookmark: _Toc506286548][bookmark: _Toc506286553][bookmark: _Toc506467874]Normal contention based resources are used for contention based BFR. There is no allocation of contention based preambles for RA occasions dedicated to BFR.
The result of independent mapping of SSBs to normal random access occasions and contention free BFR random access occasions using the RAN1 implicit mapping rule is shown in the figure below. We use an example with 24 SS blocks (from 0 to 23) mapped to 8 random access occasions (from A to G) for normal random access and 6 occasions for BFR (from H to M). The random access occasions are split to 2 slots (α and β), each with 3 symbols (i, ii and iii) and 3 frequencies (f1, f2  and f3). Frequencies f1 and f2  are used for normal random access, while frequency f3 is reserved for BFR. Note that symbol ii is only used for BFR.
The SSBs are allocated separately to random access occasions and preambles for normal frequencies (f1 and f2) and for BFR frequency (f3). 
[image: ]
Figure 1: Mapping of SSBs to random access occasions
Contention free random access
The signaling of the dedicated preambles for SSB based hand-over can be mostly based on the current RAN2 signaling. 
CFRA-SSB-Resource ::= 			SEQUENCE {
	ssb								SSB-Id,
	ra-PreambleIndex				INTEGER (0..63),
	-- 	PRACH configuration for SSB configuration (i.e. time and frequency location)
	ra-Resources					RA-Resources -- Definition FFS
}

In some cases, the SSB could be used to identify the RA occasion as well. However, there are configurations where one SSB may be mapped to several RACH occasions, as already shown in Figure 1. For such configurations the ra-Resources can be used to indicate to which random access occasion the dedicated preamble applies. The need for such an indication is increased for fractional SSB per RO configurations, as shown in Figure below, where 4 SSBs are mapped to 4 random access occasions using SSB per RO = ¼. The combination of RA occasion and preamble is guaranteed to be unique, and there can only be one SSB mapping to a single preamble within one occasion. 
[image: ]
The RA resources can be identified by using an implicit mapping similar to SSB to RA mapping, i.e. RA resources are numbered in 
1. In the order of increasing the number of frequency multiplexed RACH occasions and then
1. In the order of increasing the number of time multiplexed RACH occasions within a RACH slot
1. In the order of increasing the number of RACH slots

With this approach, the ra-Resources can simply be expressed as an integer between 0 and maxRandomAccessOccasions (e.g. 64), which in practice means just numbering Random Access Occasions A, B, ..., H by 0, 1, ..., 7. If an explicit Random Access Occasion indicator and preamble is provided, there is no need to explicitly signal the SSB, as there is only one SSB per preamble per RO. 
1. [bookmark: _Toc506286127][bookmark: _Toc506286549][bookmark: _Toc506286554][bookmark: _Toc506467875]Signal the dedicated preamble and the random access occasion where the preamble is valid for SSB based CFRA. The random access occasions can be numbered similarly to SSB numbering for contention based RA. There is no need to signal SSB-ID explicitly.
A similar approach can be adopted for CSI-RS signaling. However, for CSI-RS, there is a need to provide the UE with CSI-RS ID to preamble to RO mapping.
CFRA-CSIRS-Resource ::= 		SEQUENCE {
	csi-RS							NZP-CSI-RS-ResourceId, -- FFS where the CSI-RS are defined (e.g. MO)
	ra-PreambleIndex				INTEGER (0..63),
	-- 	PRACH configuration for CSIRS configuration (i.e. time and frequency location)
	ra-Resources					RA-Resources -- Definition FFS
}

1. [bookmark: _Toc506467876]Signal the dedicated preamble, corresponding CSI-RS ID and random access occasion where the preamble is valid for CSI-RS based CFRA. 
Proposed updated ASN.1
The required changes to the ASN.1 based on proposals 1-4 is collected below 
–	BeamFailureRecoveryConfig
The BeamFailureRecoveryConfig is used to configure the UE with RACH resources and candidate beams for beam failure recovery in case of beam failure detection. See also 38.321, section 5.1.1.
Editor's Note: It is FFS whether this is configured per BWP, per cell, and FFS whether BFR needs to be performed on SCell
BeamFailureRecoveryConfig information element
-- ASN1START
-- TAG-BEAM-FAILURE-RECOVERY-CONFIG-START

BeamFailureRecoveryConfig ::= 		SEQUENCE {
	rootSequenceIndex-BFR				INTEGER (0..137)															OPTIONAL,	--	Need M
	rach-ConfigCommon-BFR				RACH-ConfigCommonGeneric													OPTIONAL,	--	Need M
	beamFailurerRecoveryTimer			FFS_Value																	OPTIONAL,	--	Need M
	beamFailureCandidateBeamThreshold	RSRP-Range																	OPTIONAL,	--	Need M
	candidateBeamRSList					SEQUENCE (SIZE(1..maxNrofCandidateBeams)) OF PRACH-ResourceDedicatedBFR		OPTIONAL,	--	Need M
	recoveryControlResourceSetId		ControlResourceSetId														OPTIONAL		--	Need M
}

 -- NOTE: If the candidateBeamRSList includes both CSI-RS resource indexes and SSB indexes, AND only SSB indexes are associated with 
 -- PRACH resources then UE identifies PRACH resources for CSI-RS resource(s) in the candidateBeamRSList via spatial QCL indication 
 -- between SSBs and CSI-RS resources, if UE-identified new beam(s) is associated with CSI-RS resource(s).
PRACH-ResourceDedicatedBFR ::= 		SEQUENCE { 
	candidateBeam-RS					CHOICE {
		ssb-Index								SSB-Index,
		csi-RS-Index							NZP-CSI-RS-ResourceId
	},
	ra-PreambleIndex					FFS_Value																	OPTIONAL,
	prach-FreqOffset					FFS_Value																	OPTIONAL,
	rach-ResourceMask					FFS_Value																	OPTIONAL
}

-- TAG-BEAM-FAILURE-RECOVERY-CONFIG-STOP
-- ASN1STOP

[bookmark: _Toc500942741][bookmark: _Toc505697578]–	RACH-ConfigCommon
The RACH-ConfigCommon IE is used to specify the cell specific random-access parameters.
RACH-ConfigCommon information element
-- ASN1START
-- TAG-RACH-CONFIG-COMMON-START

RACH-ConfigCommon ::= 				SEQUENCE {
	-- Generic RACH parameters 
	rach-ConfigCommonGeneric			RACH-ConfigCommonGeneric,
	groupBconfigured 					SEQUENCE {
		-- FFS: ra-Msg3SizeGroupA values
		ra-Msg3SizeGroupA					ENUMERATED {b56, b144, b208, b256, b282, b480, b640, b800, b1000, spare7, spare6, spare5,
											spare4, spare3, spare2, spare1},
		-- Threshold for preamble selection.  Value in dB.  Value minusinfinity corresponds to –infinity.  
		-- Value dB0 corresponds to 0 dB, dB5 corresponds to 5 dB and so on. (see FFS_Spec, section FFS_Section)
		messagePowerOffsetGroupB			ENUMERATED { minusinfinity, dB0, dB5, dB8, dB10, dB12, dB15, dB18},
		numberOfRA-PreamblesGroupA			FFS_Value
	}																															OPTIONAL,

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

	-- Msg1 (RA preamble): 

	-- UE may select the SS block and corresponding PRACH resource for path-loss estimation and (re)transmission 
	-- based on SS blocks that satisfy the threshold (see 38.213, section REF)
	rsrp-ThresholdSSB						RSRP-Range																			OPTIONAL,
	-- FFS: Provide proper description
	-- Corresponds to L1 parameter 'SUL-RSRP-Threshold' (see FFS_Spec, section FFS_Section)
	sul-RSRP-Threshold						RSRP-Range																			OPTIONAL,

	-- PRACH configuration index. Corresponds to L1 parameter 'PRACHConfigurationIndex' (see 38.211, section 6.3.3.2)
	prach-ConfigurationIndex				INTEGER (0..255),
	-- PRACH root sequence index. Corresponds to L1 parameter 'PRACHRootSequenceIndex' (see 38.211, section 6.3.3.1).
	-- The value range depends on whether L=839 or L=139
	prach-RootSequenceIndex					CHOICE {
		l839									INTEGER (0..837),
		l139									INTEGER (0..137)
	},

	-- Subcarrier spacing of PRACH. Corresponds to L1 parameter 'prach-Msg1SubcarrierSpacing' (see 38.211, section FFS_Section)
	msg1-SubcarrierSpacing					SubcarrierSpacing,
	-- The number of PRACH transmission occasions FDMed in one time instance. 
	-- Corresponds to L1 parameter 'prach-FDM' (see 38.211, section FFS_Section)
[bookmark: _Hlk505297083]	msg1-FDM								ENUMERATED {one, two, four, eight},
	-- Offset of lowest PRACH transmission occasion in frequency domain with respective to PRB 0 of initial active UL BWP(s).
	-- The value is configured so that the corresponding RACH resource is entirely within the bandwidth of initial active UL BWP.
	-- Corresponds to L1 parameter 'prach-frequency-start' (see 38,211, section FFS_Section)
	-- FFS_FIXME: Clarify whether it is ”initial” or ”firstActive” UL BWP, i.e., whether this is meant for SpCell and/or SCell
	-- FFS_FIXME: What is PRB 0 or a BWP? PRB 0 defines the lower edge of the carrier.
	msg1-FrequencyStart						INTEGER (0..maxNrofPhysicalResourceBlocks-1),

	-- Configuration of an unrestricted set or one of two types of restricted sets, see 38.211	6.3.3.1 
	restrictedSetConfig						ENUMERATED {unrestrictedSet, restrictedSetTypeA, restrictedSetTypeB},
	-- Corresponds to L1 parameter 'CB-preambles-per-SSB' (see 38.211?, section FFS_Section)
	-- FFS_CHECK: Relation to (old) RAN2 CBRA-SSB-ResourceList handling the CB-RA preambles/resources per beam. 
	-- FFS_Value: RAN1 indicated ”4 bit” but there should be actual values here... and not hidden in a table. 
	cb-preamblesPerSSB							FFS_Value																		OPTIONAL,
	-- Number of SSBs per RACH occasion (L1 parameter 'SSB-per-rach-occasion') and the number of Contention Based preambles per SSB
	-- (L1 parameter 'CB-preambles-per-SSB'). By multiplying the two values, the UE determines the total number of CB preambles.
[bookmark: _Hlk506285295]	ssb-perRACH-OccasionAndPreamblesPerSSB	CHOICE { 
		oneEighth								INTEGER (4..64), 
		oneFourth								INTEGER (4..64), 
		oneHalf									INTEGER (4..64), 
		one										INTEGER (4..64), 
		two										INTEGER (4..32), 
		four									INTEGER (1..16), 
		eight									INTEGER (1..8), 
		sixteen									INTEGER (1..4)
	}																															OPTIONAL,	-- Need M

	-- Subcarrier spacing for Msg3. Corresponds to L1 parameter 'msg3-scs' (see 38.213, section 8.1)	
	msg3-SubcarrierSpacing					SubcarrierSpacing,
	-- Indicates to a UE whether transform precoding is enabled for Msg3 transmission. 
	-- Corresponds to L1 parameter 'msg3-tp' (see 38.213, section 8.1)
	msg3-transformPrecoding					ENUMERATED {enabled}																OPTIONAL -- Need R
}

-- TAG-RACH-CONFIG-COMMON-STOP 
-- ASN1STOP
[bookmark: _Toc505697579]–	RACH-ConfigCommonGeneric
The RACH-ConfigCommonGeneric IE is used to specify the cell specific random-access parameters both for regular random access as well as for beam failure recovery.
RACH-ConfigCommonGeneric information element
-- ASN1START
-- TAG-RACH-CONFIG-COMMON-GENERIC-START

RACH-ConfigCommonGeneric ::= 			SEQUENCE {
	-- PRACH configuration index. Corresponds to L1 parameter 'PRACHConfigurationIndex' (see 38.211, section 6.3.3.2)
	prach-ConfigurationIndex				INTEGER (0..255),
	-- The number of PRACH transmission occasions FDMed in one time instance. 
	-- Corresponds to L1 parameter 'prach-FDM' (see 38.211, section FFS_Section)
	msg1-FDM								ENUMERATED {one, two, four, eight},
	-- Offset of lowest PRACH transmission occasion in frequency domain with respective to PRB 0 of initial active UL BWP(s).
	-- The value is configured so that the corresponding RACH resource is entirely within the bandwidth of initial active UL BWP.
	-- Corresponds to L1 parameter 'prach-frequency-start' (see 38,211, section FFS_Section)
	-- FFS_FIXME: Clarify whether it is ”initial” or ”firstActive” UL BWP, i.e., whether this is meant for SpCell and/or SCell
	-- FFS_FIXME: What is PRB 0 or a BWP? PRB 0 defines the lower edge of the carrier.
	msg1-FrequencyStart						INTEGER (0..maxNrofPhysicalResourceBlocks-1),

	-- N-CS configuration, see Table 6.3.3.1-3 in 38.211
	zeroCorrelationZoneConfig				INTEGER(0..15),
	-- The target power level at the network receiver side (see 38.213, section 7.4)
	-- FFS_Value: Actual values to be updated based on input from RAN4 (see LS in R2-1800004.
	preambleReceivedTargetPower				ENUMERATED {
												dBm-120, dBm-118, dBm-116, dBm-114, dBm-112, dBm-110, dBm-108, dBm-106, 
												dBm-104, dBm-102, dBm-100, dBm-98, dBm-96, dBm-94,dBm-92, dBm-90, dBm-88, 
												dBm-86, dBm-84,dBm-82, dBm-80, dBm-78, dBm-76, dBm-74, dBm-72, dBm-70, 
												dBm-68, dBm-66, dBm-64, dBm-62, dBm-60, dBm-58, dBm-56, dBm-54, dBm-52,	
												dBm-50, dBm-48, dBm-46, dBm-44, dBm-42, dBm-40, dBm-38, dBm-36, dBm-34, 
												dBm-32, dBm-30,	dBm-28, dBm-26, dBm-24, dBm-22, dBm-20, dBm-18, dBm-16, 
												dBm-14, dBm-12, dBm-10, dBm-8, dBm-6, dBm-4, dBm-2, dBm-0, dBm2, dBm4, dBm6 
											},
	-- Max number of RA preamble transmission perfomed before declaring a failure (see 38.321, section FFS_Section)
	preambleTransMax 						ENUMERATED {n3, n4, n5, n6, n7,	n8, n10, n20, n50, n100, n200},
	-- Power ramping steps for PRACH (see 38.321, FFS_section)
	powerRampingStep						ENUMERATED {dB0, dB2, dB4, dB6},
	-- Msg2 (RAR) window length in number of slots. (see 38.321, section FFS_Section)
[bookmark: _Hlk505324461]	ra-ResponseWindow						ENUMERATED {sl1, sl2, sl4, sl8, sl10, sl20, sl40, sl80}
}

-- TAG-RACH-CONFIG-COMMON-GENERIC-STOP 
-- ASN1STOP
[bookmark: _Toc500942742][bookmark: _Toc505697580]–	RACH-ConfigDedicated
The IE RACH-ConfigDedicated is used to specify the dedicated random access parameters.
RACH-ConfigDedicated information element
-- ASN1START
-- TAG-RACH-CONFIG-DEDICATED-START

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

RACH-ConfigDedicated ::=		SEQUENCE {
	-- Resources for handover to the cell
	cfra-Resources					CFRA-Resources, 
	-- Subcarrier spacing for msg1 for contention-free RA procedure for handover
	-- FFS_CHECK: How does it then work for PDCCH ordered CFRA? In that case the UE does not have RACH-ConfigDedicated!
	cfra-msg1-SubcarrierSpacing					SubcarrierSpacing,
	-- Subcarrier spacing for msg2 for contention-free RA procedure for handover
	-- FFS_CHECK: How does it then work for PDCCH ordered CFRA? In that case the UE does not have RACH-ConfigDedicated!
	cfra-msg2-SubcarrierSpacing			SubcarrierSpacing
}

CFRA-Resources ::= 					CHOICE {
	cfra-ssb-ResourceList				SEQUENCE (SIZE(1..maxRA-SSB-Resources)) OF CFRA-SSB-Resource,
	cfra-csirs							SEQUENCE {
		cfra-csirs-ResourceList				SEQUENCE (SIZE(1..maxRA-CSIRS-Resources)) OF CFRA-CSIRS-Resource,
		cfra-csirs-DedicatedRACH-Threshold	RSRP-Range
	}
}

CFRA-SSB-Resource ::= 			SEQUENCE {
	ssb								SSB-Id,
	ra-PreambleIndex				INTEGER (0..63),
	-- 	PRACH configuration for SSB configuration (i.e. time and frequency location)
	ra-ResourcesOccasion					INTEGER (0..maxRA-Occasions)RA-Resources -- Definition FFS
}

CFRA-CSIRS-Resource ::= 		SEQUENCE {
	csi-RS							NZP-CSI-RS-ResourceId, -- FFS where the CSI-RS are defined (e.g. MO)
	ra-PreambleIndex				INTEGER (0..63),
	-- 	PRACH configuration for CSIRS configuration (i.e. time and frequency location)
	ra-ResourcesOccasion					RA-Resources -- Definition FFSINTEGER (0..maxRA-Occasions)
}

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

[bookmark: _Toc491180912][bookmark: _Toc493510613][bookmark: _Toc500942768][bookmark: _Toc505697624]6.4	RRC multiplicity and type constraint values
[bookmark: _Toc491180913][bookmark: _Toc493510614][bookmark: _Toc500942769][bookmark: _Toc505697625]–	Multiplicity and type constraint definitions
-- ASN1START
-- TAG-MULTIPLICITY-AND-TYPE-CONSTRAINT-DEFINITIONS-START

maxRa-Occasions								INTEGER ::=	63		-- Maximum number of DL band combinations

Conclusion
Based on the discussion in section 2 we propose the following:

Proposal 1	Separate random access occasions are configured for contention free BFR by configuring a frequency offset between normal random access occasions and dedicated BFR occasions.
Proposal 2	Normal contention based resources are used for contention based BFR. There is no allocation of contention based preambles for RA occasions dedicated to BFR.
Proposal 3	Signal the dedicated preamble and the random access occasion where the preamble is valid for SSB based CFRA. The random access occasions can be numbered similarly to SSB numbering for contention based RA. There is no need to signal SSB-ID explicitly.
Proposal 4	Signal the dedicated preamble, corresponding CSI-RS ID and random access occasion where the preamble is valid for SSB based CFRA.

Annex A: RAN1 agreement
RAN1 has provided an implicit mapping of SSBs to RACH occasion/preamble index for contention based random access as follows: 
· NR, at least, supports following mapping from actually transmitted SS blocks to RACH occasion/preamble index.
1. In the order of increasing preamble indices in single RACH occasion and then
1. In the order of increasing the number of frequency multiplexed RACH occasions and then
1. In the order of increasing the number of time multiplexed RACH occasions within a RACH slot
1. In the order of increasing the number of RACH slots
    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  
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