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Introduction
In this contribution, we discuss some remaining issues in the RACH procedure. Specifically, we provide our views on typical configurations for RACHConfigDedidated responding to RAN2’s LS. We also discuss the case when RACH search space is overlapping with other search spaces while having a different QCL assumption than others. 
Typical configurations for RACHConfigDedicated
At RAN2 #103 meeting in Gothenburg, RAN2 confirmed that the restriction of RRC message size to 9Kbytes in Rel-15 (as already captured in 38.323). Furthermore, in their LS (R2-1813462, R1-1810069) to RAN1, they pointed out some over-sized RRC parameters including CSI-MeasConfig, RACH-ConfigDedicated, and MeasObjectNR. In response to this LS, we will share our views on the typical configurations with realistic parameter values of RACH-ConfigDedicated for RRC message size evaluation.
	LS from RAN2: R1-1810069 (R2-1813462) "LS on the RRC message size restriction" 
ACTION:
RAN2 respectfully asks RAN1 to:
1. Take the restriction of RRC message size into account in all the future work requiring RRC configuration;
2. Provide typical configurations with realistic parameter values of CSI-MeasConfig, RACH-ConfigDedicated, MeasObjectNR, etc. for RRC message size evaluation;
3. Consider if anything can be done in RAN1 specifications to deal with the over-sizes L1 configuration without change to the parameters.



As we can see from the Appendix in Section 1, the maximum size of RACH-ConfigDedicated is dominated by resources for CFRA. It is because the maximum values of three parameters, maxRA-SSB-Resource, maxRA-CSIRS-Resources, and maxRA-OccasionsPerCSIRS, are very large. Specifically, their maximum values are 64, 96, and 64, respectively. 
[bookmark: _Ref525640856]Table 1: Analysis of sizes of RACHConfigDedicated with maximum and proposed parameter values
	
	Maximum values: (maxRA-SSB-Resource=64, maxRA-CSIRS-Resources=96, maxRA-OccasionsPerCSIRS=64) 
	Proposed typical values of (RA-SSB-Resource, RA-CSIRS-Resources, RA-OccasionsPerCSIRS): (4, 8, 8)

	CFRA-SSB-Resource ::= SEQUENCE {ssb, ra-PreambleIndex}
	ssb index: 6 bits
raPreambleIndex: 6 bits
	ssb index: 6 bits
raPreambleIndex: 6 bits

	CFRA-CSIRS-Resource ::= SEQUENCE {csi-RS, ra-OccasionList, ra-PreambleIndex}
	csi-RS: 7 bits
ra-OccasionList: 6 bits + 64*9 bits 
PreambleIndex: 6 bits
	csi-RS: 7 bits
ra-OccasionList: 6 bits + 8*9 bits 
PreambleIndex: 6 bits

	ssb ::= SEQUENCE {ssb-ResourceList, ra-ssb-OccasionMaskIndex}
	ssb-ResourceList: 6 bits + 64*(6+6) bits
ra-ssb-OccasionMaskIndex: 4 bits
	ssb-ResourceList: 6 bits + 4*(6+6) bits
ra-ssb-OccasionMaskIndex: 4 bits

	csirs ::= SEQUENCE {csirs-ResourceList,
rsrp-ThresholdCSI-RS}
	csirs-ResourceList: 7 bits + 96*(7+6+64*9+6) bits
rsrp-ThresholdCSI-RS: 8 bits
	csirs-ResourceList: 7 bits + 8*(7+6+8*9+6) bits
rsrp-ThresholdCSI-RS: 8 bits

	resources ::= CHOICE{ssb, csirs}
	ssb: 6+64*(6+6)+4 = 778 bits ~= 97 bytes
csirs: 7+96*(7+6+64*9+6)+8 = 57127 bits ~= 7141 bytes 
	ssb: 6+4*(6+6)+4 = 58 bits = 7.25 bytes
csirs: 7+8*(7+6+8*9+6)+8 = 743 bits ~= 93 bytes

	occasions ::= SEQUENCE {rach-ConfigGeneric, ssb-perRACH-Occasion}
	rach-ConfigGeneric: 40 bits
ssb-perRACH-Occasion: 3 bits //OPTIONAL	-- Cond SSB-CFRA
	rach-ConfigGeneric: 40 bits
ssb-perRACH-Occasion: 3 bits //OPTIONAL	-- Cond SSB-CFRA

	CFRA ::= SEQUENCE {occasions, resources}
	occasions: If CSIRS-CFRA, 40 bits; If SSB-CFRA, 43 bits. 
Resources: If CSIRS-CFRA, 7141 bytes; If SSB-CFRA, 97 bytes. 
	occasions: If CSIRS-CFRA, 40 bits; If SSB-CFRA, 43 bits. 
resources:  If CSIRS-CFRA, 93 bytes; If SSB-CFRA, 7.25 bytes 

	RACH-ConfigDedicated ::= SEQUENCE {cfra, ra-Prioritization}
	cfra: If CSIRS-CFRA, 40 bits + 7141B ~= 7146 B; If SSB-CFRA, 43 bits + 97 bytes ~= 102.5 bytes
ra-Prioritization: 2 + 2 = 4 bits
	cfra: If CSIRS-CFRA, 40 bits + 93 bytes = 98 bytes; If SSB-CFRA, 43 bits + 7.25 bytes ~= 13 bytes
ra-Prioritization: 2 + 2 = 4 bits

	Approximate size of RACH-ConfigDedicated
	If CSIRS-CFRA, 7K bytes; 
If SSB-CFRA, 103 bytes
	If CSIRS-CFRA, 100 bytes; 
If SSB-CFRA, 14 bytes



With the values of (maxRA-SSB-Resource, maxRA-CSIRS-Resources, maxRA-OccasionsPerCSIRS) = (64, 96, 64), the maximum size of RACHConfigDedicated is around 7Kbytes. The corresponding detailed analysis is provided in the second column of Table 1. Notice that this analysis is simply based on the 3GPP specifications and serves as a lower bound of the maximum size in practical implementation. We want to point out that these three parameters determine how many resources are reserved for a UE to conduct a contention-free random access procedure and therefore shall be carefully chosen. Note in the table and in the following paragraphs, we remove the prefix max- from these three maximum values when discussing proposals for the typical configurations for their counterpart variables. 
As to the value of RA-Occasions-PerCSIRS, according to the value of ssb-perRACH-Occasion, the maximum number of RA occasions per SSB is 8. Since, CSIRS, if configured, is unlikely to have a wider beamwidth than an SSB and hence cannot serve more UEs than SSB, we do not think the number of RA occasions per CSI-RS shall exceed that of an SSB. Therefore, we propose a typical value for RA-OccasionsPerCSIRS to be 8. 
Furthermore, from TS38.331, the maximum number of RA occasions in the system is 512 and is denoted as maxRA-Occasions. To our understanding, this number comes from that there are at most 8 RA occasions per SSB and there are at most 64 SSBs in the system. Even with the above proposed typical setting for RA-OccasionsPerCSIRS to 8, if the number of RA-CSIRS-Resources is set to be its maximum value 96, then it implies the total number of RA occasions reserved for CSIRS-CFRA (i.e. csirs-ResourceList) for a UE is 768 which is excessively large considering that the total number of RA occasions in the system is 512. Trading between RACH latency and spectral efficiency (and UE complexity), we propose the typical configuration of RA-CSIRS-Resources to be 8. The leads to the number of RA occasions listed in csirs-ResourceList to be 64 which is about 12.5% of the maximum number of RA occasions in the system. Consequently, we also propose that the total number of RA occasions configured by csirsResourceList shall not exceed 64. With the proposed typical configurations of (RA-CSIRS-Resources, RA-OccasionsPerCSIRS) to be (8, 8), the typical size of RACHConfigDedicated is reduced from 7K bytes to be around 100 bytes.  
Note the contention-based random access is always available as a fallback mechanism to UE, we do not think network has to configure so many RS-resources for CFR whether it is SSB-CFRA or CSIRS-CFRA. Hence, we propose not only 8 CSIRS-Resources but also 4 RA-SSB-Resources can be typical configurations for RACHConfigDedicated. 
[bookmark: _Ref525652671][bookmark: _Ref521738479]Observation 1: The maximum size of RACHConfigDedicated is dominated by csirs-ResourceList, the allocated RACH occasions for CSIRS-CFRA. 
[bookmark: _Ref525652685]Observation 2: With (maxRA-CSIRS-Resources, maxRA-OccasionsPerCSIRS) = (96, 64), the maximum size of RACHConfigDedicated is around 7K bytes when CSI-RS is configured for CFRA. 
[bookmark: _Ref525652691]Observation 3: To support the configuration of maximum values of (maxRA-SSB-Resource, maxRA-CSIRS-Resources, maxRA-OccasionsPerCSIRS) = (64, 96, 64), it demands not only an increase of UE’s cost but also consumption of network’s physical spectral resources. 
[bookmark: _Ref525652710]Observation 4: With the proposed typical configurations of (RA-SSB-Resource, RA-CSIRS-Resources, RA-OccasionsPerCSIRS) to be (4, 8, 8), the size of RACHConfigDedicated can be significantly reduced from 7K bytes to 100 bytes. 
[bookmark: _Ref525652720][bookmark: _Ref521738490]Proposal 1: RAN1 provides typical configurations of RACH-ConfigDedicated with realistic parameter values (RA-SSB-Resource, RA-CSIRS-Resources, RA-OccasionsPerCSIRS) to be (4, 8, 8) for RRC message size evaluation.  
[bookmark: _Ref525652728]Proposal 2: The total number of RACH occasions indicated by csirs-ResourceList shall not exceed 64. 

QCL assumption in RACH
In RAN1 #93, the following working assumption was made. 
	Working assumption: (RAN1 #93)
· In single CC and intra-band CA, if the SSB/CSI-RS that UE selects for RACH association and Msg1 (re)transmission is not quasi-co-located (QCLed) - with respect to type D - with the DM-RS antenna port associated with PDCCH reception in reference search spaces, UE is not expected to decode the PDCCH or PDSCH in the reference search space scrambled by an RNTI other than those associated with Type1-PDCCH common search space, if it is overlapped with PDCCH or PDSCH scrambled by the RNTIs associated with Type1-PDCCH common search space in at least one symbol.
· Reference search spaces denote the Type0-PDCCH common search space, the Type0A-PDCCH common search space, the Type2-PDCCH common search space, or Type3-PDCCH common search space.



The reason behind this is because UE is likely not able to form more than one receive beam at a time. In NR, UE is allowed to choose an SSB/CSI-RS that has a different type-D QCL assumption than those associated with the UE’s other search spaces. It is not reasonable to ask the UE to simultaneously monitor the search spaces that have different type-D QCL assumptions where the search spaces should include not only common search space but also UE-specific search space. Therefore, we have the following proposal. 
[bookmark: _Ref525652734][bookmark: _Ref521738498]Proposal 3: Confirm the working assumption with modification highlighted in red.
· In single CC and intra-band CA, if the SSB/CSI-RS that UE selects for RACH association and Msg1 (re)transmission is not quasi-co-located (QCLed) - with respect to type D - with the DM-RS antenna port associated with PDCCH reception in reference search spaces, UE is not expected to decode the PDCCH or PDSCH in the reference search space scrambled by an RNTI other than those associated with Type1-PDCCH common search space, if it is overlapped with PDCCH or PDSCH scrambled by the RNTIs associated with Type1-PDCCH common search space in at least one symbol.
· Reference search spaces denote the Type0-PDCCH common search space, the Type0A-PDCCH common search space, the Type2-PDCCH common search space, or Type3-PDCCH common search space, or the UE-specific search space.

In addition, a text proposal is provided to reflect the modification. 
[bookmark: _Ref522095703]Proposal 4: Adopt the provided text proposal regarding the simultaneous downlink reception during a RACH procedure. 
---------------------------- Start of Text Proposal for Sec. 10.1 of TS 38.213 -------------------------------------------------
For single cell operation or for operation with carrier aggregation in a same frequency band, a UE does not expect to monitor a PDCCH in a Type0/0A/2/3-PDCCH common search space or in a UE-specific search space if the SS/PBCH block or the CSI-RS the UE selects for PRACH association, as described in Subclause 8.1, does not have same QCL-TypeD [6, TS 38.214] with a DM-RS for monitoring the PDCCH, and if the PDCCH or an associated PDSCH overlaps in at least one symbol with a PDCCH the UE monitors in a Type1-PDCCH common search space or with an associated PDSCH.
---------------------------- End of Text Proposal for Sec. 10.1 of TS 38.213 ---------------------------------------------------

[bookmark: _GoBack]Conclusion
In this contribution, we have the following observations and proposals in addition to a text proposal.  
Observation 1: The maximum size of RACHConfigDedicated is dominated by csirs-ResourceList, the allocated RACH occasions for CSIRS-CFRA.
Observation 2: With (maxRA-CSIRS-Resources, maxRA-OccasionsPerCSIRS) = (96, 64), the maximum size of RACHConfigDedicated is around 7K bytes when CSI-RS is configured for CFRA.
Observation 3: To support the configuration of maximum values of (maxRA-SSB-Resource, maxRA-CSIRS-Resources, maxRA-OccasionsPerCSIRS) = (64, 96, 64), it demands not only an increase of UE’s cost but also consumption of network’s physical spectral resources.
Observation 4: With the proposed typical configurations of (RA-SSB-Resource, RA-CSIRS-Resources, RA-OccasionsPerCSIRS) to be (4, 8, 8), the size of RACHConfigDedicated can be significantly reduced from 7K bytes to 100 bytes.
Proposal 1: RAN1 provides typical configurations of RACH-ConfigDedicated with realistic parameter values (RA-SSB-Resource, RA-CSIRS-Resources, RA-OccasionsPerCSIRS) to be (4, 8, 8) for RRC message size evaluation.
Proposal 2: The total number of RACH occasions indicated by csirs-ResourceList shall not exceed 64.
Proposal 3: Confirm the working assumption with modification highlighted in red.
· In single CC and intra-band CA, if the SSB/CSI-RS that UE selects for RACH association and Msg1 (re)transmission is not quasi-co-located (QCLed) - with respect to type D - with the DM-RS antenna port associated with PDCCH reception in reference search spaces, UE is not expected to decode the PDCCH or PDSCH in the reference search space scrambled by an RNTI other than those associated with Type1-PDCCH common search space, if it is overlapped with PDCCH or PDSCH scrambled by the RNTIs associated with Type1-PDCCH common search space in at least one symbol.
· Reference search spaces denote the Type0-PDCCH common search space, the Type0A-PDCCH common search space, the Type2-PDCCH common search space, or Type3-PDCCH common search space, or the UE-specific search space.

Proposal 4: Adopt the provided text proposal regarding the simultaneous downlink reception during a RACH procedure.
---------------------------- Start of Text Proposal for Sec. 10.1 of TS 38.213 -------------------------------------------------
For single cell operation or for operation with carrier aggregation in a same frequency band, a UE does not expect to monitor a PDCCH in a Type0/0A/2/3-PDCCH common search space or in a UE-specific search space if the SS/PBCH block or the CSI-RS the UE selects for PRACH association, as described in Subclause 8.1, does not have same QCL-TypeD [6, TS 38.214] with a DM-RS for monitoring the PDCCH, and if the PDCCH or an associated PDSCH overlaps in at least one symbol with a PDCCH the UE monitors in a Type1-PDCCH common search space or with an associated PDSCH.
---------------------------- End of Text Proposal for Sec. 10.1 of TS 38.213 ---------------------------------------------------
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Appendix: RRC parameter “RACH-ConfigDedicated”
The following RRC parameter details are based on TS 38.331 v15.2.0 release in June 2018.  
Maximum values
maxRA-CSIRS-Resources 					INTEGER ::= 96
maxRA-OccasionsPerCSIRS					INTEGER ::= 64			-- Maximum number of RA occasions for one CSI-RS
maxRA-Occasions-1						INTEGER ::=	511			-- Maximum number of RA occasions in the system
maxRA-SSB-Resources 					INTEGER ::= 64

[bookmark: _Toc517308117][bookmark: _Hlk515434066]Details of 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 {
	cfra							CFRA																	OPTIONAL,	-- Need N 
	ra-Prioritization				RA-Prioritization														OPTIONAL,	-- Need N
	...
}

CFRA ::=	 				SEQUENCE {
	occasions						SEQUENCE {
		rach-ConfigGeneric				RACH-ConfigGeneric,
		ssb-perRACH-Occasion			ENUMERATED {oneEighth, oneFourth, oneHalf, one, two, four, eight, sixteen}	OPTIONAL	-- Cond SSB-CFRA
	}																										OPTIONAL,	-- Need S
	resources						CHOICE {
		ssb								SEQUENCE {
			ssb-ResourceList				SEQUENCE (SIZE(1..maxRA-SSB-Resources)) OF CFRA-SSB-Resource,
			ra-ssb-OccasionMaskIndex		INTEGER (0..15)
		},
		csirs							SEQUENCE {
			csirs-ResourceList				SEQUENCE (SIZE(1..maxRA-CSIRS-Resources)) OF CFRA-CSIRS-Resource,
			rsrp-ThresholdCSI-RS			RSRP-Range
		}
	},
	...
}

CFRA-SSB-Resource ::= 			SEQUENCE {
	ssb								SSB-Index,
	ra-PreambleIndex				INTEGER (0..63),
	...
}

CFRA-CSIRS-Resource ::= 		SEQUENCE {
	csi-RS							CSI-RS-Index,
	ra-OccasionList					SEQUENCE (SIZE(1..maxRA-OccasionsPerCSIRS)) OF INTEGER (0..maxRA-Occasions-1),
	ra-PreambleIndex				INTEGER (0..63),	
	...
}

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

	CFRA-CSIRS-Resource field descriptions

	csi-RS
The ID of a CSI-RS resource defined in the measurement object associated with this serving cell.

	ra-OccasionList
RA occasions that the UE shall use when performing CF-RA upon selecting the candidate beam identified by this CSI-RS.

	ra-PreambleIndex
The RA preamble index to use in the RA occasions assoicated with this CSI-RS.



	CFRA field descriptions

	ra-ssb-OccasionMaskIndex
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

	rach-ConfigGeneric
Configuration of contention free random access occasions for CFRA.

	ssb-perRACH-Occasion 
Number of SSBs per RACH occasion (L1 parameter 'SSB-per-rach-occasion').



	CFRA-SSB-Resource field descriptions

	ra-PreambleIndex
The preamble index that the UE shall use when performing CF-RA upon selecting the candidate beams identified by this SSB.

	ssb
The ID of an SSB transmitted by this serving cell.



	RACH-ConfigDedicated field descriptions

	cfra
Parameters for contention free random access to a given target cell. If the field is absent, the UE performs contention based random access.

	ra-prioritization
Parameters which apply for prioritized random access procedure to a given target cell (see 38.321, section 5.1.1).



	Conditional Presence
	Explanation

	SSB-CFRA
	The field is mandatory present if the field resources in CFRA is set to ssb; otherwise it is not present.




[bookmark: _Toc517308133]RSRP-Range
The IE RSRP-Range specifies the value range used in RSRP measurements and thresholds. Integer value for RSRP measurements according to mapping table in TS 38.133 [14].
RSRP-Range information element
-- ASN1START
-- TAG-RSRP-RANGE-START

RSRP-Range ::=						INTEGER(0..127)

-- TAG-RSRP-RANGE-STOP
-- ASN1STOP

[bookmark: _Toc517308116]RACH-ConfigGeneric
The RACH-ConfigGeneric IE is used to specify the cell specific random-access parameters both for regular random access as well as for beam failure recovery.
RACH-ConfigGeneric information element
-- ASN1START
-- TAG-RACH-CONFIG-GENERIC-START

RACH-ConfigGeneric ::= 				SEQUENCE {
	prach-ConfigurationIndex			INTEGER (0..255),
	msg1-FDM							ENUMERATED {one, two, four, eight},
	msg1-FrequencyStart					INTEGER (0..maxNrofPhysicalResourceBlocks-1),
	zeroCorrelationZoneConfig			INTEGER(0..15),
	preambleReceivedTargetPower			INTEGER (-202..-60),
	preambleTransMax 					ENUMERATED {n3, n4, n5, n6, n7,	n8, n10, n20, n50, n100, n200},
	powerRampingStep					ENUMERATED {dB0, dB2, dB4, dB6},
	ra-ResponseWindow					ENUMERATED {sl1, sl2, sl4, sl8, sl10, sl20, sl40, sl80},
	...
}

-- TAG-RACH-CONFIG-GENERIC-STOP 
-- ASN1STOP

[bookmark: _Toc517308118]RA-Prioritization
The IE RA-Prioritization is used to configure prioritized random access. 
RA-Prioritization information element
-- ASN1START
-- TAG-RA-PRIORITIZATION-START

RA-Prioritization ::=			SEQUENCE {
	powerRampingStepHighPriority		ENUMERATED {dB0, dB2, dB4, dB6},
	scalingFactorBI					ENUMERATED {zero, dot25, dot5, dot75}								OPTIONAL,	-- Need R
	...
}

-- TAG-RA-PRIORITIZATION-STOP
-- ASN1STOP


