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Introduction
In RAN4#95 e-meeting, a Way Forward [4] on new UE capabilities needed in Release 16 to support UL CA feature could not be agreed upon. In this contribution we report the already agreed architecture assumptions and the respective signaling elements proposed.
Discussion
UL CA Architecture Agreements
In RAN4#94b-e two ways forward [1, 2] were agreed by all interested parties which describes the architecture assumptions for non-contiguous and contiguous NR UL CA respectively.
In [2] the following agreements were made on contiguous UL CA architecture
· 1PA/1LO architecture is assumed up to 200MHz aggregated bandwidth
· 2LO/2PA architecture is not precluded to circumvent BW limitations at the PA, TRX or BB generator level
· In case of 2PA/2LO needed, 2PA architecture should be signaled and UL MIMO is not supported

In [1,5] the following agreements were made on non-contiguous UL CA architecture
· Only consider 2PA/2LO case for intra-band UL NC CA in Rel-16.
· According to spectrum allocation information from interested operators in [1], most cases cannot apply 1PA/1LO architecture which has limitation of instantaneous TX bandwidth as up to 200MHz. 
· 1PA/1LO architecture can apply to n41(2A), however there are no comments on UE architecture for n41(2A) so far. 1PA/1LO case can be discussed based on operator requests as the 2nd priority after 2PA based requirements are finalized.
· Since 1PA/1LO architecture is an essential case and can apply to most refarming bands, discussion of general requirements and UE capability in this WF also consider 1PA/1LO.
· To make sure that signaling and spec structures enable the introduction of 1PA/1LO related requirements and potential exception
· For 1PA/1LO architecture, exception should be allowed while the leakage and image falling on a frequency belonging to another licensee assuming synchronization across licensees, or if LO leakage lands on licensee's own spectrum holding.
· 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.

Observation on contiguous UL CA architecture:
· 1 PA/1LO is baseline architecture for class B and class C UL CA and if UL MIMO is supported in the band it can also be supported in CA mode
· 2LO/2PA architecture is allowed for class C UL CA if signalled and UL MIMO is not supported in UL CA mode

Observation on non-contiguous UL CA architecture:
· 2 PA/2LO is the baseline architecture for class 2A UL CA for 3 BW separations class of 100, 200 and > 200 MHz where:
· 2 LO positions must be signaled
· UL MIMO may not be supported but provision should be taken to signal UL MIMO capability in the future (implying 4 Tx paths).
· 1LO/1PA architecture is foreseen to cover class 2A UL CA at least for 100 and 200MHz BW classes since this is the same total bandwidth than for contiguous UL CA and if UL MIMO is supported in the band it can also be supported in CA mode where.
· Signaling is required to advertise if exceptions are needed due to Image and LO impairments in the gap.

This was already described in [3] and covered in Way Forward [4] but despite co-signing [1] and [2], it could not be agreed upon between interested companies.

Proposal 1 on UL CA capability related to architecture:
· For contiguous UL CA:
· Default (no signaling) is 1 PA, if UL MIMO is supported for the band; UL MIMO is supported in CA mode. Only one LO position is signaled
· If 2PA implementation is needed, the 2PA capability signaling shall be used for CA class C only and two LO positions are signaled. If UL MIMO is supported for the band; UL MIMO is not supported in CA mode
· For non-contiguous UL CA:
· In future release 1 PA architecture can support up to 200MHz BW, it shall correspond to the default (no signaling) and if UL MIMO is supported for the band; UL MIMO is supported in CA mode. Only one LO position is signaled
· Additional signaling is needed for LO and Image impairment exception request
· 2PA is default for release 16, the 2PA capability signaling shall be used and two LO positions are signaled. 
· If UL MIMO is supported for the band: by default UL MIMO is not supported in CA mode but additional signaling is provisioned for UL MIMO support
· All this signaling should be per band and per bandwidth class since in a same band up to 200MHz could be supported by 1 PA and need 2PA for higher bandwidth class.
· In all these cases the PA are PC3 capable PAs for PC3 UL CA even for the 2PA case since equal PSD shall be supported for imbalanced RB allocations.
Bandwidth Class Signaling
For contiguous UL CA the bandwidth class is implicit from the support of a class B or class C CA combination support.
For non-contiguous UL CA three bandwidth separation classes are agreed in [5]:
· 10-100MHz covers many of the FDD bands
· 100-200MHz covers all bands  < 3.3GHz
· > 200 MHz specific to n77 for now

For the last case of > 200 MHz BW class, the actual bandwidth separation that is studied is 580 MHz and another case could be 600MHz. Within one region, the worst possible scenario for bandwidth is still in n77 and could be up to 800MHz assuming the current 100MHz top guard band to radio altimeter is assigned to the same operator that has the bottom of the spectrum. At the moment, it is safe to limit the higher bandwidth separation class to 600MHz and revisit the limit or an add another class if needed.

Proposal 2 on non-contiguous UL CA bandwidth separations class:
· Class 1: 10-100MHz
· Class 2: 100-200MHz
· Class 3: 200-600MHz currently only applicable to n77
· Class 4: for future use
Applicable MPR and A-MPR
MRP for class B and class C have been agreed in RAN4#95e and are based on single PA measurements and simulations. It has been agreed that for Release 16, the class C MPR table can be used as is by 2PA solutions that shall be signaled. It is obvious that this solution has ample margins since it has 3dB back-off for the worst case allocations and is only subject to reverse IMD instead of forward IMD. In future releases, if 2PA implementations are still needed then a dedicated class C MPR table should be developed.

For non-contiguous UL CA, the MPR tables are to be agreed upon in this meeting based on [5] where MPR values are derived for IMD3 at -13dBm/MHz and -30dBm/MHz. Document [5] was also agreed and states the following:
· Specify two set of MPR for intra-band non-contiguous UL CA, for 1PA architecture and 2PA architecture respectively
· 2PA architecture MPR is taken as the baseline in Release 16
· Specify two set of MPR_IM3 for -13dBm/MHz and -30dBm/MHz Structure (BW inflexion point and relative steps) of ENDC MPR may be reused with MA reduced by 3dB as a reference point
· Same MPR for CP-OFDM+CP-OFDM and DFT-s-OFDM+DFT-s-OFDM cases
· MPR values may be different per BW separation class (and MPR offset may be sufficient):
· One MPR for ≤ 100MHz and ≤ 200MHz BW separation class 
· One MPR for > 200MHz BW separation class

Observation: both 1 PA and 2PA architecture should be supported in the future and related MPR tables developed that can be assigned to the different architecture using the modified MPR mechanisms. The same applicability discussion applies for A-MPR with the possibility that a preferred architecture is chosen as specific to one band.

Proposal 3 on MPR and A-MPR applicability:
· In release 16, the Class C MPR table may be applied to a 2PA solution, a specific 2PA class C MPR table is specified if this implementation is still needed in future releases
· In release 16, the non-contiguous MPR tables apply to 2PA solution; a specific 1PA MPR table is specified in future release for up to 200MHz bandwidth.
· The same applies to A-MPR specification but a specific architecture may be chosen per band.
Conclusions
In this contribution, we discuss the different agreements on architecture, bandwidth classes and MPR tables for NR UL CA release 16 and the anticipated follow up in in next release. Based on these agreements, we derive the required signaling capabilities, their logic and applicability of the specified MPR for release 16 and further developments of the specification in next release. The following proposals are made.

Proposal 1 on UL CA capability related to architecture:
· For contiguous UL CA:
· Default (no signaling) is 1 PA, if UL MIMO is supported for the band; UL MIMO is supported in CA mode. Only one LO position is signaled
· If 2PA implementation is needed, the 2PA capability signaling shall be used for CA class C only and two LO positions are signaled. If UL MIMO is supported for the band; UL MIMO is not supported in CA mode
· For non-contiguous UL CA:
· In future release 1 PA architecture can support up to 200MHz BW, it shall correspond to the default (no signaling) and if UL MIMO is supported for the band; UL MIMO is supported in CA mode. Only one LO position is signaled
· Additional signaling is needed for LO and Image impairment exception request
· 2PA is default for release 16, the 2PA capability signaling shall be used and two LO positions are signaled. 
· If UL MIMO is supported for the band: by default UL MIMO is not supported in CA mode but additional signaling is provisioned for UL MIMO support
· All this signaling should be per band and per bandwidth class since in a same band up to 200MHz could be supported by 1 PA and need 2PA for higher bandwidth class.
· In all these cases the PA are PC3 capable PAs for PC3 UL CA even for the 2PA case since equal PSD shall be supported for imbalanced RB allocations.

Proposal 2 on non-contiguous UL CA bandwidth separations class:
· Class 1: 10-100MHz
· Class 2: 100-200MHz
· Class 3: 200-600MHz currently only applicable to n77
· Class 4: for future use

Proposal 3 on MPR and A-MPR applicability:
· In release 16, the Class C MPR table may be applied to a 2PA solution, a specific 2PA class C MPR table is specified if this implementation is still needed in future releases
· In release 16, the non-contiguous MPR tables apply to 2PA solution; a specific 1PA MPR table is specified in future release for up to 200MHz bandwidth.
· The same applies to A-MPR specification but a specific architecture may be chosen per band.
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