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1. Introduction
In the RAN1 #91 meeting, RAN1 had the below agreement.

	Agreements:

· For the parameter defining association between CSI-RS and PRACH CFRA in handover, the value range and the actual values are up to RAN2


In this contribution, we discuss CSI-RS resource and focus on the following issues:

· the restriction of the maximum number of RA occasions in the system for CSI-RS, i.e., maxRA-Occasions 
· the value of RO index restriction in ra-OccasionList.
· the ordering of PRACH occasions
2. Discussion
2.1 Discussion on the restriction of maxRA-Occasions
In the current ASN.1 [1], the configuration for CFRA-CSIRS-Resource in rach-ConfigDedicated IE and BFR-CSIRS-Resource in BeamFailureRecoveryConfig IE are as follows:
rach-ConfigDedicated

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),



...

}

BeamFailureRecoveryConfig
BFR-CSIRS-Resource ::=


SEQUENCE {


csi-RS






NZP-CSI-RS-ResourceId,


ra-OccasionList




SEQUENCE (SIZE(1..maxRA-OccasionsPerCSIRS)) OF INTEGER (0..maxRA-Occasions-1)
OPTIONAL,
-- Need R

ra-PreambleIndex



INTEGER (0..63)
















OPTIONAL,
-- Need R


...

}
maxRA-Occasions-1





INTEGER ::=
511


-- Maximum number of RA occasions in the system

From our understanding, the maxRA-Occasions restriction (highlighted in yellow), i.e., 512 is derived from multiplying the maximum number of SSB indexed, i.e., 64 by the maximum number of msg1-FDM, i.e., 8. However, it is not sure whether it can be applied for CSI-RS.
Observation 1: The value of maxRA-Occasions is derived from SSB index and msg1-FDM and it is not feasible to CSI-RS.
In addition, the number of RA occasions for CSI-RS depends on prach-ConfigurationIndex and msg1-FDM, it is obvious that there are some cases where the number of configured occasions for CSI-RS is greater than the maxRA-Occasions, as a simple illustration in the following
· msg1-FDM=4
· prach-ConfigurationIndex：196（Table 6.3.3.2-2 from 38.211）
	PRACH
Configuration 
Index
	Preamble format
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	Subframe number
	Starting symbol
	Number of PRACH slots within a subframe
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, number of time-domain PRACH occasions within a PRACH slot
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,
PRACH duration

	196
	B1
	1
	0
	0,1,2,3,4,5,6,7,8,9
	0
	2
	7
	2


From the above configuration, we can calculate the number of RA occasions for CSI-RS, i.e., 10 subframes x 2 PRACH slots x 7 PRACH slot x 4 FDMed = 560 RA occasions, which is greater than 512.
Observation 2: There are some cases where the number of configured occasions for CSI-RS is greater than the maxRA-Occasions.
Besides, the maximum number of RA occasions for CSI-RS also depends on prach-ConfigurationIndex and msg1-FDM.  The maximum number of ROs within a PRACH period is 140 x 8=1120. where the 140 is the maximum number of time instances within a RACH Configuration period derived from prach-ConfigurationIndex, where the 8 is the maximum msg1-FDM.

Observation 3: The maximum number of ROs for CSI-RS within a PRACH period is 140 x 8=1120.
Based on the above discussion, we think the current ASN.1 should be updated for CSI-RS Resource, and there are two possible ways which are described in the following:
· Option 1: Extend the maxRA-Occasions restriction to 1120.
· Option 2: Add a new ra-OccasionList2 IE. 
E.g., introduce an additional optional ra-OccasionList2 IE to handle the case where the number of configured ROs within a PRACH configuration period is larger than 512, in rach-ConfigDedicated IE, BeamFailureRecoveryConfig IE.
In option 2, it fixes the issue in a backwards-compatibility way, but compared with option 2, option 1 is clearly change and clarifies the maxRA-Occasions restriction for CSI-RS resource depends on prach-ConfigurationIndex and msg1-FDM. Therefore, we prefer option 1.
Proposal 1: The maxRA-Occasions restriction for CSI-RS can be extended, i.e., 1120 and depends on prach-ConfigurationIndex and msg1-FDM. 
2.2 Discussion on RO index restriction in ra-OccasionList
There are some differences between SSB based RACH and CSI-RS based RACH. Unlike the SSB based RACH where the number of SSB per RO is configured by an individual parameter that applies to all SSB, the number of RO mapped to a CSI-RS resource is derived by the length of the list ra-OccasionList and can be different depending on the CSI-RS index. Furthermore, based on the definition of maxRA-OccasionsPerCSIRS, it is noted that the max value of RO index should be less than maxRA-Occasions and it also implies that all RO indexes in ra-OccasionList are globally defined. 
Observation 4: RO indexes in ra-OccasionList are globally defined.
Meanwhile, the NW should guarantee that the global RO index in ra-OccasionList is smaller than the number of RA occasions which is determined by prach-ConfigurationIndex and msg1-FDM.
Proposal 2: The values of RO indexes in ra-OccasionList field should be smaller than the number of configured ROs.
2.3 Discussion on the ordering of PRACH occasions
When the number of PRACH occasions is determined by prach-ConfigurationIndex and msg1-FDM, the next step the RO pattern should be given. However, the current 38.213 captures only for the ordering of the PRACH occasions for SSB as below [2], but for the ordering of the PRACH occasions of CSI-RS, there is no explicit instruction. If this ordering rule is not set, then the PRACH resource selection for CSI-RS would not be supported, either, even the ra-OccasionList that the UE shall use when performing CF-RA upon selecting the candidate beam identified by this CSI-RS has been defined. 
	---------------------------------------------- FROM 38.213 section 8.1------------------------------------------------------

For a PRACH transmission triggered by a PDCCH order, the PRACH mask index field [5, TS 38.212], if the value of the Random Access Preamble index field is not zero, indicates the PRACH occasion for the PRACH transmission where the PRACH occasions are associated with the SS/PBCH index provided by the SS/PBCH index field of the PDCCH order. For the indicated preamble index, the ordering of the PRACH occasions is
-
First, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions

-
Second, in increasing order of time resource indexes for time multiplexed PRACH occasions within a PRACH slot
-
Third, in increasing order of indexes for PRACH slots
---------------------------------------------- FROM 38.213 section 8.1 ------------------------------------------------------


Observation 5: If the global ordering of ROs is not defined, the PRACH resource selection for CSI-RS would be not supported either.

From the perspective of simplicity, one way to solve the problems observed above is to apply a similar rule of global numbering, i.e., frequency first and then time, to the ROs associated with CSI-RS, meanwhile the NW should guarantee that the global RO index is not larger than the number of ROs within a PRACH periodicity. Then, an additional instruction for the ordering of the PRACH occasions of CSI-RS is needed in 38.213.
	 ===========================Start of the 1st text proposal================================

8.1
Random access preamble
For a PRACH transmission triggered by a PDCCH order, the PRACH mask index field [5, TS 38.212], if the value of the Random Access Preamble index field is not zero, indicates the PRACH occasion for the PRACH transmission where the PRACH occasions are associated with the SS/PBCH index provided by the SS/PBCH index field of the PDCCH order. For the indicated preamble index, the ordering of the PRACH occasions is

For the indicated preamble index, the ordering of the PRACH occasions is

-
First, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions

-
Second, in increasing order of time resource indexes for time multiplexed PRACH occasions within a PRACH slot

-
Third, in increasing order of indexes for PRACH slots

For a PRACH transmission triggered by higher layer, the resources filed indicates the PRACH occasion is associated with a periodic CSI-RS, if the value of the Random Access Preamble index field is not zero, the ordering of the PRACH occasions is
-
First, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions

-
Second, in increasing order of time resource indexes for time multiplexed PRACH occasions within a PRACH slot

-
Third, in increasing order of indexes for PRACH slots
===========================end of the 1st text proposal================================


The specific implementation is illustrated in Figure 1. The configuration is 

· prach-ConfigurationIndex : 73 (Table 6.3.3.2-3 from 38.211), ROs exist the subframe 7 and subframe 9.
· msg1-FDM :2

The following RO pattern is obtained from the above configuration:
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Figure 1. An example of the ordering of the PRACH occasions for CSI-RS
Proposal 3: The global ordering of the PRACH occasions within a PRACH periodicity is
-
First, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions.

- Second, in increasing order of time resource indexes for time multiplexed PRACH occasions within a PRACH slot.

-  Third, in increasing order of indexes for PRACH slots.
3. Conclusion
In this contribution, we discuss the restriction of maxRA-Occasions, RO index restriction in ra-OccasionList and the ordering of PRACH occasions, then we have the following observations and proposals:

Observation 1: The value of maxRA-Occasions is derived from SSB index and msg1-FDM and it is not feasible to CSI-RS.
Observation 2: There are some cases where the number of configured occasions for CSI-RS is greater than the maxRA-Occasions.
Observation 3: The maximum number of ROs for CSI-RS within a PRACH period is 140 x 8=1120.

Observation 4: RO indexes in ra-OccasionList are globally defined.
Observation 5: If the global ordering of ROs is not defined, the PRACH resource selection for CSI-RS would be not supported either.

Proposal 1: The maxRA-Occasions restriction for CSI-RS can be extended, i.e., 1120 and depends on prach-ConfigurationIndex and msg1-FDM. 
Proposal 2: The values of RO indexes in ra-OccasionList field should be smaller than the number of configured ROs.
Proposal 3: The global ordering of the PRACH occasions within a PRACH periodicity is
-
First, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions.

- Second, in increasing order of time resource indexes for time multiplexed PRACH occasions within a PRACH slot.

-  Third, in increasing order of indexes for PRACH slots.
Based on the above observations and proposals, a correction of 38.331 has been provided in Section 5 for reference.
4. References

[1] 3GPP TS 38.331 V15.2.1
[2] 3GPP TS 38.213 V15.2.0
5. Correction in 38.331 for CSI-RS resource

==========================START OF THE 1ST CHANGE====================================

BeamFailureRecoveryConfig information element

-- ASN1START

-- TAG-BEAM-FAILURE-RECOVERY-CONFIG-START

BeamFailureRecoveryConfig ::= 

SEQUENCE {


rootSequenceIndex-BFR



INTEGER (0..137)














OPTIONAL,
-- Need M


rach-ConfigBFR





RACH-ConfigGeneric














OPTIONAL,
-- Need M


rsrp-ThresholdSSB



RSRP-Range
















OPTIONAL,
-- Need M


candidateBeamRSList




SEQUENCE (SIZE(1..maxNrofCandidateBeams)) OF PRACH-ResourceDedicatedBFR

OPTIONAL,
-- Need M


ssb-perRACH-Occasion



ENUMERATED {oneEighth, oneFourth, oneHalf, one, two, four, eight, sixteen} 
OPTIONAL,
-- Need M


ra-ssb-OccasionMaskIndex


INTEGER (0..15)















OPTIONAL, 
-- Need M


recoverySearchSpaceId



SearchSpaceId















OPTIONAL,
-- Cond CF-BFR


ra-Prioritization




RA-Prioritization














OPTIONAL,
-- Need R


beamFailureRecoveryTimer


ENUMERATED {ms10, ms20, ms40, ms60, ms80, ms100, ms150, ms200}


OPTIONAL,
-- Need M


...

}

PRACH-ResourceDedicatedBFR ::= 

CHOICE {


ssb








BFR-SSB-Resource,


csi-RS







BFR-CSIRS-Resource

}

BFR-SSB-Resource ::= 


SEQUENCE {


ssb







SSB-Index,


ra-PreambleIndex



INTEGER (0..63),


...

}

BFR-CSIRS-Resource ::=


SEQUENCE {


csi-RS






NZP-CSI-RS-ResourceId,


ra-OccasionList




SEQUENCE (SIZE(1..maxRA-OccasionsPerCSIRS)) OF INTEGER (0..maxRA-Occasions-1)
OPTIONAL,
-- Need R


ra-PreambleIndex



INTEGER (0..63)
















OPTIONAL,
-- Need R


...

}

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

-- ASN1STOP

	BeamFailureRecoveryConfig field descriptions

	beamFailureRecoveryTimer
Timer for beam failure recovery timer.  Upon expiration of the timer the UE does not use CFRA for BFR. Value in ms. ms10 corresponds to 10ms, ms20 to 20ms, and so on.

	candidateBeamRSList
A list of reference signals (CSI-RS and/or SSB) identifying the candidate beams for recovery and the associated RA parameters

	rsrp-ThresholdSSB

L1-RSRP threshold used for determining whether a candidate beam may be used by the UE to attempt contention free Random Access to recover from beam failure. The signalled threshold is applied directly for SSB; a threshold for CSI-RS is determined by linearly scaling singalled value based on Pc_ss corresponding to the CSI-RS resource. (see FFS_Specification, FFS_Section)

	ra-prioritization

Parameters which apply for prioritized random access procedure for BFR (see 38.321, section 5.1.1).

	ra-ssb-OccasionMaskIndex
Explicitly signalled PRACH Mask Index for RA Resource selection in TS 36.321. The mask is valid for all SSB resources

	rach-ConfigBFR
Configuration of contention free random access occasions for BFR

	recoverySearchSpaceId
Search space to use for BFR RAR. 

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


	BFR-CSIRS-Resource field descriptions

	csi-RS
The ID of a NZP-CSI-RS-Resource configured in the CSI-MeasConfig of this serving cell. This reference signal determines a candidate beam for beam failure recovery (BFR).

	ra-OccasionList
RA occasions that the UE shall use when performing BFR upon selecting the candidate beam identified by this CSI-RS. If the field is absent the UE uses the RA occasion associated with the SSB that is QCLed with this CSI-RS. The value of RO indexes in this field are not larger than the number of RA occasions which is determined by prach-ConfigurationIndex and msg1-FDM.

	ra-PreambleIndex
The RA preamble index to use in the RA occasions associated with this CSI-RS. If the field is absent, the UE uses the preamble index associated with the SSB that is QCLed with this CSI-RS.


	BFR-SSB-Resource field descriptions

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

	ssb
The ID of an SSB transmitted by this serving cell. It determines a candidate beam for beam failure recovery (BFR)


	Conditional Presence
	Explanation

	CF-BFR
	The field is mandatory present, Need R, if CF-BFR is configured. It is optionally present otherwise.


==============================START OF THE 2ND CHANGE===============================
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. The value of RO indexes in this field are not larger than the number of RA occasions which is determined by prach-ConfigurationIndex and msg1-FDM.

	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.


==============================START OF THE 3RD CHANGE===============================

6.4
RRC multiplicity and type constraint values

–
Multiplicity and type constraint definitions
maxNrofTCI-StatesPDCCH 




INTEGER ::= 64

maxNrofTCI-States





INTEGER ::= 64


-- Maximum number of TCI states.

maxNrofTCI-States-1





INTEGER ::= 63


-- Maximum number of TCI states minus 1.

maxNrofUL-Allocations 




INTEGER ::= 16


-- Maximum number of PUSCH time domain resource allocations.

maxQFI 








INTEGER ::= 63

maxRA-CSIRS-Resources 




INTEGER ::= 96

maxRA-OccasionsPerCSIRS




INTEGER ::= 64


-- Maximum number of RA occasions for one CSI-RS

maxRA-Occasions-1





INTEGER ::=
1120


-- Maximum number of RA occasions in the system which is determined by prach- ConfigurationIndex and msg1-FDM. 
maxRA-SSB-Resources 




INTEGER ::= 64

maxSCSs








INTEGER ::= 5

maxSecondaryCellGroups 




INTEGER ::= 3

maxNrofServingCellsEUTRA



INTEGER ::= 32

maxMBSFN-Allocations




INTEGER ::= 8

maxNrofMultiBands





INTEGER ::= 8

maxCellSFTD    
                    
INTEGER ::= 3  


-- Maximum number of cells for SFTD reporting

maxReportConfigId                 
 
INTEGER ::= 64

maxNrofCodebooks





INTEGER ::= 16


-- Maximum number of codebooks suppoted by the UE

==========================END OF THE 3RD CHANGES=====================================
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