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1
Introduction
Although UE capability signaling can report 2/4/8 for max MIMO layer support for PDSCH and 1/2/4 for PUSCH, there is no corresponding RRC configuration from network to UE on the maximum number of MIMO layers for PDSCH/PUSCH for each serving cell. Such gap results in UE implementation uncertainty and scheduling ambiguity. This paper discussed the problem and solution.
2
Discussion

Based on current UE capability signaling, MIMO support is reported as follow:
In FeatureSetDownlinkPerCC, maximum number of MIMO layer for PDSCH is reported, i.e. 2/4/8 layers. In FeatureSetUplinkPerCC, maximum number of MIMO layer for PUSCH is reported, i.e. 1/2/4 layers.
FeatureSetDownlinkPerCC ::=

SEQUENCE {


supportedSubcarrierSpacingDL
SubcarrierSpacing,

supportedBandwidthDL


SupportedBandwidth,


channelBW-90mhz




ENUMERATED {supported}






OPTIONAL,

maxNumberMIMO-LayersPDSCH


MIMO-LayersDL







OPTIONAL,


supportedModulationOrderDL


ModulationOrder







OPTIONAL
}

[…omit…]
FeatureSetUplinkPerCC ::=


SEQUENCE {


supportedSubcarrierSpacingUL


SubcarrierSpacing,

supportedBandwidthUL




SupportedBandwidth,


channelBW-90mhz





ENUMERATED {supported}





OPTIONAL,

mimo-CB-PUSCH





SEQUENCE {



maxNumberMIMO-LayersCB-PUSCH

MIMO-LayersUL






OPTIONAL,



maxNumberSRS-ResourcePerSet


INTEGER (1..2)


}



















OPTIONAL,


maxNumberMIMO-LayersNonCB-PUSCH

MIMO-LayersUL







OPTIONAL,


supportedModulationOrderUL


ModulationOrder







OPTIONAL
}

[…omit…]
MIMO-LayersDL ::=
ENUMERATED {twoLayers, fourLayers, eightLayers}

MIMO-LayersUL ::=
ENUMERATED {oneLayer, twoLayers, fourLayers}

From field description of FeatureSetCombination, the order of FeatureSetPerBand shall match the order of band entry of the band combination.

The number of FeatureSetsPerBand in the FeatureSetCombination must be equal to the number of band entries in an associated band combination. The first FeatureSetPerBand applies to the first band entry of the band combination, and so on.  

Therefore, if a UE supports different MIMO layer on the band entries of a band combination, UE shall inform network by shifting the order of MIMO layer support for the band combination.

Observation 1:
A UE can have different MIMO layer support on different CC and can signal multiple supported MIMO layer combinations for a band combination.

However, in the latest specification, there is no corresponding RRC indication from network to UE on the maximum number of MIMO layers for PDSCH/PUSCH in each CC. From the latest specification, one possible alternative may be to derive the information of MIMO layers via another IE maxNrofCodeWordsScheduledByDCI included in PDSCH-config.
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










OPTIONAL, 
-- Need R

[…omit…]


...

}

	maxNrofCodeWordsScheduledByDCI
Maximum number of code words that a single DCI may schedule. This changes the number of MCS/RV/NDI bits in the DCI message from 1 to 2.


Following Sec 7.3.1.3 in 38.211, each CW contains at most four MIMO layers. However, as also stated in the IE description for maxNrofCodeWordsScheduledByDCI, the purpose of defining this IE is to decide the bit-width in the DCI message. Compared with the capability signaling of maxNumberMIMO-LayersPDSCH with candidate value = {2, 4, 8}, the number of CWs implies that the maximum number of MIMO layers is either 4 or 8; it doesn’t provide sufficient resolution as maxNumberMIMO-LayersPDSCH does. On the other hand, this IE is included in PDSCH-config, which is configured on a per BWP basis. It is also not compatible with the IE maxNumberMIMO-LayersPDSCH, which is per CC based. 

Similar to that for PDSCH, a network indication for the maximum number of MIMO layers for PUSCH in each CC is not introduced, given that the UE capability for this number is either maxNumberMIMO-LayersCB-PUSCH or maxNumberMIMO-LayersNonCB-PUSCH, included in FeatureSetUplinkPerCC. 

Observation 2:
maxNrofCodeWordsScheduledByDCI cannot be used to indicate MIMO layer support for a CC layer.

Observation 3:
There is no explicit indication on MIMO layer support for a CC in current specification.
We provide an example to illustrate issues we would have if a per-CC based indication from NW for the maximum number of MIMO layers is not introduced.  Since the MIMO layer support is reported on a per CC basis, a UE may support a band combination as following for DL:

· Band A 1CC (CC0) + Band B 1CC (CC1) + Band C 1CC (CC2)

· Supported MIMO layer set 1: fourLayers + fourLayers + twoLayers
· Supported MIMO layer set 2: fourLayers + twoLayers + fourLayers

· Supported MIMO layer set 3: twoLayers + fourLayers + fourLayers

In the example above, since the UE does not support fourLayers on all CCs, UE needs to know which CC the twoLayers MIMO is configured to. If maximum supported MIMO layer for each CC is changed, e.g. twoLayers MIMO is changed from CC0 to CC1, since the UE capability reporting is per-CC based, the UE expects to be reconfigured to know the new setting for each CC. Clearly, the IE maxNrofCodeWordsScheduledByDCI cannot tell the difference between twoLayers and fourLayers.
If  maximum supported MIMO layer is changed, e.g. twoLayers MIMO is changed from CC0 to CC1, UE needs to reconfigure L1 and there would be reception interruption due to L1 reconfiguration.

Observation 4:
Since network cannot configure MIMO layer for a CC, UE does not know how to configure L1 properly.

Observation 5:
Changing MIMO layer configuration of a CC requires L1 reconfiguration, therefore, UE cannot change dynamically.
3
Conclusions

On the MIMO support and configuration, we have following proposals:
Observation 1:
A UE can have different MIMO layer support on different CC and can signal multiple supported MIMO layer combinations for a band combination.

Observation 2:
maxNrofCodeWordsScheduledByDCI cannot be used to indicate MIMO layer support for a CC layer.

Observation 3:
There is no explicit indication on MIMO layer support for a CC in current specification.

Observation 4:
Since network cannot configure MIMO layer for a CC, UE does not know how to configure L1 properly.

Observation 5:
Changing MIMO layer configuration of a CC requires L1 reconfiguration, therefore, UE cannot change dynamically.

Based on these observations, we consider that it is essential for network to configure MIMO layer explicitly so UE can properly configure L1. Therefore, we propose the following:

Proposal 1:
Same as LTE, network shall provide explicit MIMO layer configuration for a CC.

Proposal 2:
Add new IE maxMIMO-Layers to PDSCH-ServingCellConfig and PUSCH-ServingCellConfig.
PDSCH-ServingCellConfig ::=             SEQUENCE {

    codeBlockGroupTransmission              SetupRelease { PDSCH-CodeBlockGroupTransmission }                       OPTIONAL,   -- Need M

    xOverhead                               ENUMERATED { xOh6, xOh12, xOh18 }                                       OPTIONAL,   -- Need S

    nrofHARQ-ProcessesForPDSCH              ENUMERATED {n2, n4, n6, n10, n12, n16}                                  OPTIONAL,   -- Need S

    pucch-Cell                              ServCellIndex                                                           OPTIONAL    ,   -- Cond SCellAddOnly

    ...,


[[    maxMIMO-Layers                
ENUMERATED {twoLayers, fourLayers, eightLayers} OPTIONAL


]]

}

PUSCH-ServingCellConfig ::=             SEQUENCE {

    codeBlockGroupTransmission              SetupRelease { PUSCH-CodeBlockGroupTransmission }                           OPTIONAL,   -- Need M

    rateMatching                            ENUMERATED {limitedBufferRM}                                                OPTIONAL,   -- Need S

    xOverhead                               ENUMERATED {xoh6, xoh12, xoh18}                                             OPTIONAL,   -- Need S

    ...,


[[    maxMIMO-Layers               

ENUMERATED {oneLayer, twoLayers, fourLayers}
OPTIONAL


]]

}

Corresponding CR is provided in R2-1813714.
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