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1 Introduction
During RAN4 #94bis-e meeting, relation between RF architecture and UL MIMO was discussed, the background is captured in WF[1] as: 
	· Comparison of different PA/LO architectures [2]
· 1PA/1LO: 
· instantaneous TX bandwidth: ~200MHz
· Number of TX chain: 1 (2TX to support UL MIMO)
· 2PA/2LO:
· instantaneous TX bandwidth: >200MHz can be supported (and below obviously)
· Number of TX chain: 2 (4TX to support UL MIMO)
· 1PA/2LO has the same situation as 2PA/2LO. However, it is not recommended for the following reasons
· inherent power backoff (insertion loss) issue [3]
· One possible solution is to put 3dB combiners and switches in the PA
· requires extra complexity and may still be limited for UL MIMO due to limited number of TX chains


As UL MIMO for intra-band UL CA is also expected by market request, an initial conclusion in the last meeting can be found in [1]:
	· Requirements for MIMO related signalling
· If UL MIMO support is signalled for nXXA it cannot be supported for nXX(2A) if dual-PA is signalled under current signalling
· MIMO supporting with 4TX for 2PA UL NC CA should not be excluded, and capture it in RAN4 Rel-16 feature list for UL NC CA.


This paper provides further analysis and proposal on intra-band UL CA UE capability signaling. 
2 Discussion
2.1 Current signaling for intra-band UL CA
NR intra-band UL CA is initially discussed in NR Rel-16. The RF architecture and spectrum allocation were discussed for confirming assumption on specifying RF requirement. For intra-band UL non-contiguous CA, it actually has more factors that have impact on current signalling. We will focus on intra-band UL NC CA firstly on signalling issue. 
In the current TS 38.331, for intra-band NC UL CA in FR1, only the wanted channel information(e.g. bandwidth) will be indicated in UE capability, the gap between CCs will be not indicated. Firstly, the factors belong to Band combination will be signalled in BandCombinationList IE:
[image: image1.png]BandCombination

SEQUENCE {«
bandList SEQUENCE (SIZE (1..maxSimultaneousBands)) OF BandParameters,«
featureSetCombination FeatureSetCombinationId,«
ca-ParametersEUTRA CA-ParametersEUTRA OPTIONAL,«
ca-ParametersNR CA-ParametersNR OPTIONAL,«
mrdc-Parameters MRDC-Parameters OPTIONAL,«
supportedBandwidthCombinationSet BIT STRING (SIZE (1..32)) OPTIONAL,«

powerClass-v1530 ENUMERATED {pc2} OPTIONAL«




Where CA-ParametersNR contains carrier aggregation related capabilities that are defined per band combination.
[image: image2.png]CA-ParametersNR-v1540 SEQUENCE {v
simultaneousSRS-AssocCSI-RS-Al1CC

csi-RS-IM-ReceptionForFeedbackPerBandComb

INTEGER (5..32) OPTIONAL,«
SEQUENCE {«
maxNumberSimultaneousNZP-CSI-RS-ACtBWP-A11CC INTEGER (1..64) OPTIONAL,«
totalNumberPortsSimultaneousNZP-CSI-RS-ACtBWP-AL1CC INTEGER (2..256) OPTIONAL«

}
simultaneousCSI-ReportsAllcC
dualPA-Architecture

e

OPTIONAL, ¢
INTEGER (5..32) OPTIONAL, ¢
ENUMERATED {supported} OPTIONALe




Where dualPA-Architecture IE is designed for intra-band combinations, which is specified in TS 38.306:

[image: image3.png]For band combinations with single-band with UL CA, this field indicates the support
of dual PA. If absent in such band combinations, the UE supports single PA for all
the ULs. For other band combinations, this field is not applicable..





Furthermore, features that the UE supports on the carriers corresponding to one band entry in a band combination is indicated in FeatureSetUplink IE. In which, separation class is indicated only for FR2 intra-band NC CA, it indicats on the maximum frequency span UE can support:
[image: image4.png]FeatureSetUplink SEQUENCE {«
featureSetListPerUplinkcC SEQUENCE (SIZE (1.. maxNrofServingCells))
scalingFactor ENUMERATED {£0p4, f0p75, £0p8}
crossCarrierscheduling-Otherscs ENUMERATED {supported}

}o

searchSpaceSharingCA-UL ENUMERATED {supported}

dummy1 DummyT
supportedSRS-Resources SRS-Resources

£WOPUCCH-Group ENUMERATED {supported}
dynamicSwitchSUL ENUMERATED {supported}

simultaneousTxSUL-NonSUL ENUMERATED {supported}
pusch-ProcessingTypel-DifferentTB-Perslot SEQUENCE {«

scs-15kHz ENUMERATED {upto2,
scs-30kHz ENUMERATED {upto2,
scs-60kHz ENUMERATED {upto2,
scs-120kHz ENUMERATED {upto2,

}
dummy2 DummyF

uptod,
uptod,
uptod,
uptod,

upto7}
upto7}
upto7}
upto7}

OF FeatureSetUplinkPerCC-Id,«

OPTIONAL,
OPTIONAL, ¢
OPTIONAL,
OPTIONAL, ¢
OPTIONAL,
OPTIONAL, ¢
OPTIONAL, ¢
OPTIONAL,
OPTIONAL, ¢

OPTIONAL, «
OPTIONAL, «
OPTIONAL, «
OPTIONAL«
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OPTIONAL«




Additionally, a set of features that the UE supports on the corresponding carrier of one band entry of a band combination is indicated in FeatureSetUplinkPerCC IE, including channel bandwidth, SCS and max MIMO layer:

[image: image5.png]FeatureSetUplinkPerCC SEQUENCE {«

— SupportedBandwidth, ¢

channelBW-%0mhz ENUMERATED {supported}
mimo-CB-PUSCH SEQUENCE {v
naNambe SMING-LayersCB-BUSCH MINO-LayersuL
maxNumberSRS-ResourcePerSet INTEGER (1..2)«
}
maxNumberMIMO-LayersNonCB-PUSCH MIMO-LayersUL
supportedModulationOrderUL ModulationOrder

1o

OPTIONAL,«
OPTIONAL, «
OPTIONAL,«

OPTIONAL,«
OPTIONAL«




Observation 1: Separation class which indicates the maximum frequency span UE can support including the CCs bandwidth and gaps between CCs can only be used for FR2 intra-band NC CA currently.
Observation 2: MIMO layer is indicated separately with PA architecture which implies MIMO layer capability has no relation with PA architecture currently.
2.2 New signaling for intra-band UL NC CA
For NR intra-band UL NC CA, considering on the spectrum allocation, the maximum frequency span between 2CC can be up to 600MHz. It means when UE indicates the network that 100+100MHz NC UL CA is supported, the UE is not aware on the gap bandwidth between 2CCs in the real configuration. Then the situation would be classified into:

· The real configured separation span can be supported by 1PA
· For UE implements with 2PAs, max UL MIMO can be 2 layer.

· The real configured separation span cannot supported by 1PA, but can be supported by 2PA

· For UE implements with 2PAs, max UL MIMO can be 1 layer.

· For UE implements with 4PAs, max UL MIMO can be 2 layer.
We can see that UL MIMO capability is not fixed with a certain CA band combination, it is flexible with the current CA configuration allocated by network and the PA architecture UE supports on the band configuration.

Observation 3: max UL MIMO layer is related to PA architecture UE supports on the CA configuration.
In the last RAN4 meeting, maximum frequency span 1 PA can support was discussed, 100MHz and 200MHz were raised separately. We can see there is common understanding that UE can support intra-band UL NC CA within 1 PA if the frequency span can be supported. E.g., for PA can support 200MHz frequency span, it can support CC1(100MHz)+gap(50MHz)+CC2(50MHz) NC CA. It means UE need to indicate the maximum separation span 1PA/1Tx can support to the network.

Observation 4: the maximum separation span 1PA/1Tx can support need to be indicated to network for intra-band UL NC CA.
According to the observations, we can see that basically extended UE capabilities need to be introduced in Rel-16 for intra-band UL CA，including following information:

· The relation between UL MIMO and PA architecture

· Separation class that 1Tx/1PA can support

· PA architecture for UL NC CA

Proposal 1: it is proposed to extend UE capabilities with following information in Rel-16 for intra-band UL CA:

· The relation between UL MIMO and PA architecture

· Separation class that 1Tx/1PA can support

· PA architecture for UL NC CA

Specifically, we provide some analysis on the information needed in P1.
The relation between UL MIMO and PA architecture: there is no relation description in the current spec, because in Rel-15 UL inter-band CA is assumed with separate Tx path for each band. 

In the current spec, for a certain band combination, the UE only can indicate the PA architecture with 1PA or 2PA. but for intra-band UL NC CA, it actually depends on the real configuration which UE cannot predict when reporting UE capability. 
For different PA architecture, max UL MIMO layer capability may be different. Both 1PA and 2PA architecture can be supported by UE for a certain bandwidth combination. UL MIMO layer capability can be indicated per PA architecture.

E.g. Assume UE is implemented with 2PAs. for 50+80MHz UL NC CA combination, UE may support this configuration with :

· 1PA(assume 1PA can support 200MHz separation span) with the real configuration as CC1(50MHz)+ gap(50MHz)+CC2（80MHz）, max UL MIMO layer=2
· or support this configuration with 2PA with the real configuration as CC1(50MHz)+gap(150MHz)+CC2(80MHz). max UL MIMO layer=1
So the UE can indicate: 

· PA architecture {1PA, 2PA, both 1PA and 2PA are supported}

· UL MIMO layer List{1 PA architecture: 2 layer， 2PA architecture:1 layer}

Separation class that 1Tx/1PA can support: currently the separation class signaling in spec can only serve for FR2, and, it need to extend to FR1, and the candidate values for FR1 need to be decided by RAN4. Since 100MHz and 200MHz has been already raised, we propose the candidate values can be {100MHz, 200MHz, TBD(larger than 200MHz)}.

Proposal 2: for PA architecture capability, extend the current signaling as PA architecture {1PA, 2PA, both 1PA and 2PA are supported}.
Proposal 3: For max UL MIMO layer, extend the current signaling as List, the corresponding max UL MIMO layer related to PA architecture is reported: maxNumberMIMO-LayersList  sequence(size(1…PA architectures)) of maxNumberMIMO-Layers.

Meanwhile, RF requirement relaxation for intra-band UL NC CA was also discussed in [1]. For NC CA supported by 1PA/1LO architecture, ACLR and SEM requirement maybe impacted by LO leakage and image falling into corresponding range. For UE requires for ACLR and SEM requirement relaxation caused by leakage/image with 1PA architecture, the UE may need to indicate it to the network.
Proposal 4: Indicate whether UE need RF requirement relaxation on ACLR/SEM with 1PA architecture for intra-band UL NC CA.
3 Conclusion

In this contribution we discussed on the open issues on intra-band UL CA UE capability, according to the analysis, we have the following proposals: 
Observation 1: Separation class which indicates the maximum frequency span UE can support including the CCs bandwidth and gaps between CCs can only be used for FR2 intra-band NC CA currently.
Observation 2: MIMO layer is indicated separately with PA architecture which implies MIMO layer capability has no relation with PA architecture currently.
Observation 3: max UL MIMO layer is related to PA architecture UE supports on the CA configuration.

Observation 4: the maximum separation span 1PA/1Tx can support need to be indicated to network for intra-band UL NC CA.
Proposal 1: it is proposed to extend UE capabilities with following information in Rel-16 for intra-band UL CA:

· The relation between UL MIMO and PA architecture

· Separation class that 1Tx/1PA can support

· PA architecture for UL NC CA

Proposal 2: for PA architecture capability, extend the current signaling as PA architecture {1PA, 2PA, both 1PA and 2PA are supported}.
Proposal 3: For max UL MIMO layer, extend the current signaling as List, the corresponding max UL MIMO layer related to PA architecture is reported: maxNumberMIMO-LayersList  sequence(size(1…PA architectures)) of maxNumberMIMO-Layers.

Proposal 4: Indicate whether UE need RF requirement relaxation on ACLR/SEM with 1PA architecture for intra-band UL NC CA.
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