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1
Introduction
RAN1 have agreed to increase the maximum number of TCI states during this meeting, and sent LS to RAN2 with this agreements in LS R1-1809988 [1].
In fact, this change has impact on ASN.1, and some corresponding MAC changes are also needed (e.g. MAC CEs which are related to TCI states).
In this contribution, we indicate the need of changes in RRC and MAC specification if RAN2 agree to increase the maximum number of TCI states as RAN1 requested. 
2
Expected RRC changes
After we have checked the all RRC specification in TS 38.331, we only need to change the length of the TCI states in ASN.1 for implementing the RAN1 request i.e. extend the maximum number of TCI states.
It is intended to change the maximum number of TCI states in PDSCH, so no need to change the maximum number of TCI states in PDCCH which is the subset of the TCI states in PDSCH. Therefore, the expected changes are only small, and there are two possible ways to solve this request: non-backward compatible and backward compatible way.
1) Non-backward compatible solution: It seems easy to change that just extend the maximum number of TCI states from 64 to 128, but backward compatible issue with the previous version. Below is the example of this solution.
	6.4
RRC multiplicity and type constraint values

–
Multiplicity and type constraint definitions

<Skipped the above parameters>

maxNrofTCI-StatesPDCCH 




INTEGER ::= 64

maxNrofTCI-States





INTEGER ::= 128


-- Maximum number of TCI states.

maxNrofTCI-States-1





INTEGER ::= 127


-- Maximum number of TCI states minus 1.




2) Backward compatible solution: it requires more changes compared with just extending the maximum number of TCI state, but it is backward compatible with the previous version. Below is the one example of this solution.
	–
PDSCH-Config
The PDSCH-Config IE is used to configure the UE specific PDSCH parameters. 

PDSCH-Config information element

-- ASN1START

-- TAG-PDSCH-CONFIG-START

PDSCH-Config ::= 





SEQUENCE {


dataScramblingIdentityPDSCH



INTEGER (0..1023)













OPTIONAL,
-- Need S


dmrs-DownlinkForPDSCH-MappingTypeA

SetupRelease { DMRS-DownlinkConfig }








OPTIONAL,
-- Need M


dmrs-DownlinkForPDSCH-MappingTypeB

SetupRelease { DMRS-DownlinkConfig } 








OPTIONAL,
-- Need M


tci-StatesToAddModList




SEQUENCE (SIZE(1..maxNrofTCI-States)) OF TCI-State





OPTIONAL,
-- Need N


tci-StatesToReleaseList




SEQUENCE (SIZE(1..maxNrofTCI-States)) OF TCI-StateId




OPTIONAL,
-- Need N

vrb-ToPRB-Interleaver




ENUMERATED {n2, n4}













OPTIONAL,
-- Need S


resourceAllocation





ENUMERATED { resourceAllocationType0, resourceAllocationType1, dynamicSwitch},


pdsch-TimeDomainAllocationList


SetupRelease { PDSCH-TimeDomainResourceAllocationList }




OPTIONAL,
-- Need M


pdsch-AggregationFactor




ENUMERATED { n2, n4, n8 }











OPTIONAL,
-- Need S


rateMatchPatternToAddModList


SEQUENCE (SIZE (1..maxNrofRateMatchPatterns)) OF RateMatchPattern

OPTIONAL, 
-- Need N


rateMatchPatternToReleaseList


SEQUENCE (SIZE (1..maxNrofRateMatchPatterns)) OF RateMatchPatternId

OPTIONAL, 
-- Need N


rateMatchPatternGroup1




RateMatchPatternGroup

OPTIONAL, 
-- Need R

rateMatchPatternGroup2




RateMatchPatternGroup

OPTIONAL, 
-- Need R


rbg-Size







ENUMERATED {config1, config2},


mcs-Table







ENUMERATED {qam256, qam64LowSE}








OPTIONAL,
-- Need S

maxNrofCodeWordsScheduledByDCI


ENUMERATED {n1, n2}













OPTIONAL, 
-- Need R


prb-BundlingType





CHOICE {



staticBundling






SEQUENCE {




bundleSize







ENUMERATED { n4, wideband }









OPTIONAL

-- Need S



},



dynamicBundling





SEQUENCE {




bundleSizeSet1






ENUMERATED { n4, wideband, n2-wideband, n4-wideband }


OPTIONAL,
-- Need S




bundleSizeSet2






ENUMERATED { n4, wideband }









OPTIONAL

-- Need S



}


},


zp-CSI-RS-ResourceToAddModList




SEQUENCE (SIZE (1..maxNrofZP-CSI-RS-Resources)) OF ZP-CSI-RS-Resource

OPTIONAL, -- Need N


zp-CSI-RS-ResourceToReleaseList




SEQUENCE (SIZE (1..maxNrofZP-CSI-RS-Resources)) OF ZP-CSI-RS-ResourceId

OPTIONAL,-- Need N


aperiodic-ZP-CSI-RS-ResourceSetsToAddModList
SEQUENCE (SIZE (1..maxNrofZP-CSI-RS-ResourceSets)) OF ZP-CSI-RS-ResourceSet
OPTIONAL,-- Need N


aperiodic-ZP-CSI-RS-ResourceSetsToReleaseList
SEQUENCE (SIZE (1..maxNrofZP-CSI-RS-ResourceSets)) OF ZP-CSI-RS-ResourceSetIdOPTIONAL,



































-- NeedN


sp-ZP-CSI-RS-ResourceSetsToAddModList
SEQUENCE (SIZE (1..maxNrofZP-CSI-RS-ResourceSets)) OF ZP-CSI-RS-ResourceSet


OPTIONAL,
-- Need N


sp-ZP-CSI-RS-ResourceSetsToReleaseList
SEQUENCE (SIZE (1..maxNrofZP-CSI-RS-ResourceSets)) OF ZP-CSI-RS-ResourceSetId

OPTIONAL,
-- Need N


p-ZP-CSI-RS-ResourceSet




SetupRelease { ZP-CSI-RS-ResourceSet }











OPTIONAL,
-- Need M

...,

   [[
tci-StatesToAddModExtList




SEQUENCE (SIZE(1..maxNrofTCI-States)) OF TCI-State





OPTIONAL,
-- Need N


tci-StatesToReleaseExtList




SEQUENCE (SIZE(1..maxNrofTCI-States)) OF TCI-StateExtId




OPTIONAL,
-- Need N
]]
}

RateMatchPatternGroup ::=



SEQUENCE (SIZE (1..maxNrofRateMatchPatternsPerGroup)) OFCHOICE {
cellLevel







RateMatchPatternId,


bwpLevel







RateMatchPatternId

}

-- TAG-PDSCH-CONFIG-STOP

-- ASN1STOP

–
TCI-StateId
The IE TCI-StateId is used to identify one TCI-State configuration.

TCI-StateId information element

-- ASN1START

-- TAG-TCI-STATEID-START

TCI-StateId ::=





INTEGER (0..maxNrofTCI-States-1)
TCI-StateExtId ::=




INTEGER (64..maxNrofTCI-StatesExt-1)

-- TAG-TCI-STATEID-STOP

-- ASN1STOP

–
TCI-State

The TCI-State IE associates one or two DL reference signals with a corresponding quasi-colocation (QCL) type.

TCI-State information element

-- ASN1START

-- TAG-TCI-STATE-START

TCI-State ::= 





SEQUENCE {


tci-StateId






TCI-StateId,


qcl-Type1






QCL-Info,


qcl-Type2






QCL-Info















OPTIONAL,
-- Need R


...,


[[
tci-StateId-v15xx



TCI-StateExtId

]]
}

QCL-Info ::=





SEQUENCE {


cell







ServCellIndex














OPTIONAL,
-- Need R


bwp-Id







BWP-Id
















OPTIONAL, -- Cond CSI-RS-Indicated


referenceSignal





CHOICE {



csi-rs







NZP-CSI-RS-ResourceId,



ssb








SSB-Index


},


qcl-Type






ENUMERATED {typeA, typeB, typeC, typeD},


...

}

-- TAG-TCI-STATE-STOP

-- ASN1STOP

6.4
RRC multiplicity and type constraint values

–
Multiplicity and type constraint definitions

<Skipped the above parameters>

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.
maxNrofTCI-StatesExt




INTEGER ::= 128


-- Maximum number of extended TCI states.

maxNrofTCI-StatesExt-1




INTEGER ::= 127


-- Maximum number of extended TCI states minus 1.



For the second solution (backward compatible way), we just add one example here, but we found there are many places referring TCI-StateId in all parameters e.g. tci-StatesPDCCH-ToAddList, qcl-info, and qcl-InfoPeriodicCSI-RS.

Therefore, RAN2 needs to check carefully and implement correctly using the extension mark if we will go to the solution 2 (backward compatible). 

Proposal 1:
RAN2 consider/determine the backward compatible or non-backward compatible solution to extend the maximum number of TCI state requested by RAN1.
2
Expected MAC changes

TCI states ID is used in many places of MAC CE in TS 38.321, so it is required the MAC CEs which are related to the TCI-State ID should be changes / re-designed if the maximum number of TCI states is changed from 64 to 128.
We have found that at least three MAC CEs should be updated because these MAC CEs themselves use the ID of TCI-State having 64-length: TCI States Activation/Deactivation for UE-specific PDSCH MAC CE, TCI State Indication for UE-specific PDCCH MAC CE, and SP CSI-RS / CSI-IM Resource Set Activation/Deactivation MAC CE (details are included in below figures).
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Figure 6.1.3.14-1: TCI States Activation/Deactivation for UE-specific PDSCH MAC CE
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Figure 6.1.3.15-1: TCI State Indication for UE-specific PDCCH MAC CE
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Figure 6.1.3.12-1: SP CSI-RS / CSI-IM Resource Set Activation/Deactivation MAC CE
It would not be difficult to change/ update the length of TCI state ID in above MAC CEs, so we propose to update the above MAC CEs in order to support the extended number of TCI states as RAN1 requested. We assume the 1-week email discussion can be required to reach the proper design.
Proposal 2:
RAN2 agree to update the MAC CEs which have impact by changing the length of TCI-State ID from 64 to 128.
3
Conclusions
In this discussion paper, we would like RAN2 to consider the candidate solutions and impact if RAN2 accept the RAN1 request for changing the maximum number of TCI states.
Proposal 1:
RAN2 consider/determine the backward compatible or non-backward compatible solution to extend the maximum number of TCI state requested by RAN1.
Proposal 2:
RAN2 agree to update the MAC CEs which have impact by changing the length of TCI-State ID from 64 to 128.
4
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