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1 Introduction
For intra-band UL contiguous and non-contiguous CA in Rel-16, there is discussion on UE capability based on different PA architecture. In the last RAN4 meeting, WF[1] was approved and the relation among CA capabilities (PA architecture, separation class/Bandwidth class, MIMO layer) are captured:
	· At least three bandwidth separation class (= maximum instantaneous BW support):
· ≤ 100MHz
· ≤ 200MHz
· > 200MHz
· Baseline architecture for PC3 Rel16 uses two 23dBm transmit chains in order to cope with the large instantaneous transmit BW (up to 600MHz)
·  2TX chain is the default assumption 
·  if UL MIMO is supported in single CC mode it is not supported in CA mode unless extra transmit paths are signalled through specific UL MIMO signaling 
·  2TX chain signaling is needed to cover declaration of two DC location instead of one
· 1PA architecture is not precluded for BW separation class ≤ 200MHz in future releases 


Meanwhile, WF[2] provides the specific methodology to indicate UE capability for intra-band UL CA:

	· Intra-band UL NC CA signaling:

· Component 1:  Maximum UL frequency separation 

· signaled per FS(per band per band combination)

· Candidate frequency separation class: {100MHz, 200MHz, >200MHz} 

· Whether more bit number need to reserved for frequency separation class FFS.

· Component 2:  PA architecture

· Signaled per Band combination in Rel-15, it depends on RAN2 design whether it need to signaled per FS to save signaling overhead

· On the condition that component 1 is indicated, indicate the PA architecture, i.e, 1PA or 2PA, default value aligned with Rel-15 signalling on dualPA-Architecture
· Component 3:  max UL MIMO layer

· Signaled per FSPC

· On the condition that component 1 and component 2 are indicated, indicate the MIMO layer number for each UL CC separately
· The signalling architecture for Intra-band UL NC CA is also applied for intra-band contiguous CA


This paper provides further proposal on UE capability for intra-band UL CA in Rel-16. 
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 both intra-band UL contiguous and non-contiguous CA, whether UE can support a certain band combination with 1PA or 2PA architecture depends on the UL frequency separation of this band combination. Furthermore, PA architecture to support a certain UL CA combination may have impact on maximum UL MIMO layer. For example, UE indicates bandwidth class C with 1 PA architecture, UE need to have 2PA/2Tx chain to support UL MIMO; UE indicates bandwidth class C with 2PA architecture, UE need to have 4PA/4Tx chain to support UL MIMO. This is why the current CA signalling is not sufficient for Rel-16 intra-band UL CA.

Observation 1: The current intra-band uplink contiguous and non-contiguous CA UE capability signalling is not sufficient and clear on the relation among PA architecture, separation class/bandwidth class and MIMO layer.
In the current TS 38.331, for both intra-band contiguous and non-contiguous UL CA in FR1, the signalling framework is provided as below.

Firstly, the factors belong to Band combination will be signalled in BandCombinationList IE. For contiguous UL CA, CA bandwidth class_UL is indicated in this IE. 
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For intra-band contiguous UL CA, bandwidth class is only defined with class B and class C, which are specified as, where BWChannel, max is maximum channel bandwidth supported among all bands in a release, i.e. 100MHz.

Table 5.3A.5-1: NR CA bandwidth classes

	NR CA bandwidth class
	Aggregated channel bandwidth
	Number of contiguous CC
	Fallback group

	A
	BWChannel ≤ BWChannel,max
	1
	1, 2

	B
	20 MHz ≤ BWChannel_CA ≤ 100 MHz
	2
	2

	C
	100 MHz < BWChannel_CA ≤ 2 x BWChannel,max
	2
	1


Observation 2: For intra-band contiguous UL CA, the frequency span of a band combination can be naturally segmented by CA bandwidth class.
For intra-band non-contiguous UL CA, currently only the wanted channel information (e.g. bandwidth) is indicated in UE capability, the gap between CCs is not indicated. The channel bandwidth supported on each carrier is reported in FeatureSetUplinkPerCC:
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Observation 3: For intra-band non-contiguous UL CA, the frequency span of a band combination cannot be indicated as in the current signalling framework.
Additionally, CA-ParametersNR contains carrier aggregation related capabilities that are defined per band combination.
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Where dualPA-Architecture IE is designed for intra-band combinations (both contiguous and non-contiguous), which is specified in TS 38.306:
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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:
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But freq separation class indicates the maximun separation span UE can support on one band which are not one attribute of a band combination but an capability of FR2 UE T/Rx chain. The FR2 separation class may not appropriate to define the separation span of an intra-band non-contiguous UL CA combination.

Observation 4: FR2 freq separation class refers to the maximum separation span UE can support on one band, it may not appropriate to define the separation span of an intra-band non-contiguous UL CA combination.
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:
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Observation 5: 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 CA
2.2.1 Intra-band UL contiguous CA

Firstly, Contiguous band combinations are classified by bandwidth class into:

· 20MHz≤ Bandwidth class ≤100MHz

· 100MHz< Bandwidth class ≤200MHz

CA Bandwidth class is indicated per Band combination per Band.

Secondly, PA architecture to support intra-band contiguous CA is indicated per band combination.

Thirdly, MIMO layer for each CC is indicated per FeatureSetPerCC.

Multiple sets of PA archi and UL MIMO layer UE capability for one contiguous CA configuration can be indicated in dependent of which bandwidth class it attributes to. For example, For Bandcombination indicated as Band A, UE indicates Bandwidth class B, and PA archi is 1PA, then UE may indicate MIMO layer on each CC is 2 layer; if UE also support Bandwidth class C, UE may indicates PA archi is 2PA, then UE may indicate MIMO layer on each CC is 1 layer. This signaling can be shown as in Fig 1, Bandcombinatio1 and Bandcobination2 are for the same CA configuration with only PA archi and MIMO layer capability difference:
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Fig 1. Example to the signaling framework for intra-band contiguous UL CA
For a certain bandwidth class, there should be only one set of PA architecture and max MIMO layer corresponding to it. For example, For band combination 1 with bandwidth class B capability, an unique PA architecture and max MIMO layer set is indicated. If different PA architecture and max MIMO layer is indicated, network cannot control how UE implements the PA configuration.
Proposal 1: Multiple UE capability sets of bandwidth class, PA architecture and max MIMO layer are allowed to be reported for one contiguous CA configuration. For each bandwidth class, there should be only one UE capability set of PA architecture and max MIMO layer corresponding to this bandwidth class. 
2.2.2 Intra-band UL non-contiguous 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 configured by network and the PA architecture UE supports on the band configuration.

· However, as observation 3, the frequency span of a band combination cannot be indicated as in the current signalling framework. As agreed in WF[1], 3 NC CA separation class was initially agreed:

· ≤ 100MHz
· ≤ 200MHz
· > 200MHz
More specifically, FR1 NC CA separation class can be defined as:

· Class1: NC CA separation class≤ 100MHz
· Class2: 100< NC CA separation class≤ 200MHz
· Class3: NC CA separation class > 200MHz
Proposal 2: For intra-band non-contiguous UL CA, introduce new NC CA separation class which refers to frequency separation for the band configuration including all uplink CCs and the gap between CCs. 3 FR1 NC CA separation class is introduced:

· NC CA separation class≤ 100MHz
· 100< NC CA separation class≤ 200MHz
· NC CA separation class > 200MHz
FR1 NC CA Separation class is reported per Band combination.

Similarly as for contiguous UL CA, Multiple sets of PA archi and UL MIMO layer UE capability for one non-contiguous CA configuration can be indicated in dependent of which NC CA separation class it attributes to. For example, For Bandcombination indicated as Band A+BandA, UE indicates separation class ≤ 100MHz, and PA archi is 1PA, then UE may indicate MIMO layer on each CC is 2 layer; if UE also support separation class>100MHz and ≤ 200MHz, UE may indicates PA archi is 2PA, then UE may indicate MIMO layer on each CC is 1 layer. The signaling framework is similar as in Fig 1.
Proposal 3: Multiple UE capability sets of separation class, PA architecture and max MIMO layer are allowed to be reported for one intra-band non-contiguous CA configuration. For each separation class, there should be only one UE capability set of PA architecture and max MIMO layer corresponding to this separation class. 
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 CA UE capability, according to the analysis, we have the following proposals: 
Observation 1: The current intra-band uplink contiguous and non-contiguous CA UE capability signalling is not sufficient and clear on the relation among PA architecture, separation class/bandwidth class and MIMO layer.
Observation 2: For intra-band contiguous UL CA, the frequency span of a band combination can be naturally segmented by CA bandwidth class.
Observation 3: For intra-band non-contiguous UL CA, the frequency span of a band combination cannot be indicated as in the current signalling framework.
Observation 4: FR2 freq separation class refers to the maximum separation span UE can support on one band, it may not appropriate to define the separation span of an intra-band non-contiguous UL CA combination.
Observation 5: MIMO layer is indicated separately with PA architecture which implies MIMO layer capability has no relation with PA architecture currently.
Proposal 1: Multiple UE capability sets of bandwidth class, PA architecture and max MIMO layer are allowed to be reported for one contiguous CA configuration. For each bandwidth class, there should be only one UE capability set of PA architecture and max MIMO layer corresponding to this bandwidth class. 
Proposal 2: For intra-band non-contiguous UL CA, introduce new NC CA separation class which refers to frequency separation for the band configuration including all uplink CCs and the gap between CCs. 3 FR1 NC CA separation class is introduced:

· NC CA separation class≤ 100MHz
· 100< NC CA separation class≤ 200MHz
· NC CA separation class > 200MHz
FR1 NC CA Separation class is reported per Band combination.

Proposal 3: Multiple UE capability sets of separation class, PA architecture and max MIMO layer are allowed to be reported for one intra-band non-contiguous CA configuration. For each separation class, there should be only one UE capability set of PA architecture and max MIMO layer corresponding to this separation class. 
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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