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1.	Introduction
Previous Ran4 meeting, discussion on PC2 NC UL CA happened with approved WF [1]. Discussion on an architecture 1x23dBm+1x26dBm + 2LO with 100MHz BW and related PA swap time was invited together with how to deal with 1 LO architectures. This paper discusses those aspects.  
2. 	Discussion
2.1	26+23 dBm with PA Swap
CA only has dynamic power sharing option and it means that UE is expected to be fully capable for full power transmission in either CC depending on scheduling, in other words, UE is expected to fully re-use the power left unused from the other CC in favour of the other CC. If NC UL CA is built with 26 and 23 dBm capable PA’s witch each PA providing power for one CC at a time, the full power capable 26 dBm PA needs to be available for the CC that needs full power. A such situation is shown in figure 1. 

Figure 1. TX of NC UL CA with PA swap time shown. The orange slot is where the 26 dBm PA is assigned
For any finite PA swap time, the scheduling is impacted since scheduling of CC1 is impacted by the power of CC2. Earlier it was discussed that  PUSCH preparation time could be used to enable this feature merely by assigning a larger number for NC UL CA with this reference architecture but after discussions with ran1 colleagues, it is  not possible because power may change in back-to-back transmissions and finite PA swap time would cause UE’s in ability transmit at all during the swap time. Only way how this type of an implementation does not have an impact it to specify PA swap time << CP length.
Observation 1: In order to avoid scheduling impacted by PA swap time, the time must be << CP length. 
If the PA swapped, the corresponding antenna connector needs to be swapped too. Network may schedule SRS to the CC1 and then schedule PUSCH. Since in this case, CC1 and CC2 are transmitted by different antennas, network assumes once SRS has been sent, the PUSCH is transmitted by the same antenna as SRS.
Observation 2: PUSCH must always be transmitted by the same antenna as preceding SRS   
The architecture for this solution therefore needs to contain switch on both sides of the PA. The switch before the PA can be implemented in the BB but then if channel BW’s are different, for the two CC’s, the BB BW’s need to be changed during this PA swap time. Figure 2 shows a functional block diagram of this 26+23 dBm solution

Figure 2. Functional block diagram for the 26+23 dBm PA architecture with switches
This kind of architecture may need substantial amount of MPR and/or delta TI,B equivalent for intra-band CA which is new concept in RAN4. 
PA configuration is ultimately and UE implementation aspect but in this case we propose not to enable this architecture since it burdens the feature too much. 
Proposal 1: PA swap time for 26+23 dBm 2 LO architecture is << CP length and no impact to RAN1 for it. 
Proposal 2: 26+23 dBm 2 LO architecture is not used for MPR analysis but this architecture conforms to the MPRs based on 26+26 dBm architecture. 
2.2	1 LO architectures
Currently the specification allows for exceptions for SEM, SE and ACLR for carrier leakage as follows.
 (
6.5A.2.2.2 Spectrum emission mask for intra-band non-contiguous CA
For the signalling is absent for 
dualPA
-Architecture IE, if carrier leakage or I/Q image lands inside the gap spectrum between 2 UL CCs when UL CCs are synchronized with frequencies in the gap, exception to the SEM requirement applies.
6.5A.3.1 General spurious emissions 
For the signalling is absent for 
dualPA
-Architecture IE, if carrier leakage or I/Q image lands inside the gap spectrum between 2 UL CCs when UL CCs are synchronized with frequencies in the gap, exception to the general spurious requirement applies.
6.5A.2.4.1.2 NR ACLR for intra-band non-contiguous CA
When the signalling is absent for 
dualPA
-Architecture IE, if carrier leakage or I/Q image lands inside the gap spectrum between 2 UL CCs when UL CCs are synchronized with frequencies in the gap , exception to the ACLR requirement with 3dB relaxation applies.
)
The WF discusses options what to do with PC2 and one option is to apply MPR based on this. Also PC3 i.e. the the existing specification is under discussion according to the WF. WF encourages regulatory checks. 
Our view that MPR will not help the UE to meet this since LO in some implementations is not directly dependent on MPR and 3GPP allows for different levels depending on power level as specified e.g. in 6.4A.2.1.2. 
We also did regulatory check and FCC title 47 part 15 does not allow any such exceptions nor does ERC 74-01. We could not provide references but it has been brought to our attention that Japanese regulation does not allow this either. 
Proposal 3: Remove Carrier leakage and IQ image exceptions from 6.5A.2.2.2 without any relaxations
Proposal 4: Remove Carrier leakage and IQ image exceptions from 6.5A.3.1 without any relaxations
Proposal 5: Remove Carrier leakage and IQ image exceptions from 6.5A.2.4.1.2 without any relaxations
The corrections change are provided in the appendix. Alternative change is to remove the text completely. 
2.3	23+23 dBm architecture
WF [1] also discusses 23+23 dBm architecture for MPR work. If this architecture is to be used for NC UL CA, the BW of one PA is CC1+gap+CC2 which may become large. UE can also limit its supported configurations with frequency separation class. However, the generic work for Tx diversity for single CC has not been completed and so it is faurly difficult to make agreements how would this architecture work in NC UL CA. 
Proposal 6: Delay the work for NC UL CA with Tx diversity architcture until generic Rel-16 Tx diversity work has been completed.   
Conclusion
We discussed ref architectures and observed
Observation 1: In order to avoid scheduling impacted by PA swap time, the time must be << CP length. 
Observation 2: PUSCH must always be transmitted by the same antenna as preceding SRS   
We made the following proposals:
Proposal 1: PA swap time for 26+23 dBm 2 LO architecture is << CP length and no impact to RAN1 for it. 
Proposal 2: 26+23 dBm 2 LO architecture is not used for MPR analysis but this architecture conforms to the MPRs based on 26+26 dBm architecture. 
Proposal 3: Remove Carrier leakage and IQ image exceptions from 6.5A.2.2.2 without any relaxations
Proposal 4: Remove Carrier leakage and IQ image exceptions from 6.5A.3.1 without any relaxations
Proposal 5: Remove Carrier leakage and IQ image exceptions from 6.5A.2.4.1.2 without any relaxations
Proposal 6: Delay the work for NC UL CA with Tx diversity architcture until generic Rel-16 Tx diversity work has been completed.   
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Appendix: Changes 
[bookmark: _Toc61357524][bookmark: _Toc61359298][bookmark: _Toc67916237]6.5A.2.2.2	Spectrum emission mask for intra-band non-contiguous CA
For intra-band non-contiguous carrier aggregation the spectrum emission mask requirement is defined as a composite spectrum emissions mask. Composite spectrum emission mask applies to frequencies up to ΔfOOB starting from the edges of the sub-blocks. Composite spectrum emission mask is defined as follows
a)	Composite spectrum emission mask is a combination of individual sub-block spectrum emissions masks 
b)	In case the sub-block consist of one component carrier the sub-lock general spectrum emission mask is defined in subclause 6.5.2.1
c)	If for some frequency sub-block spectrum emission masks overlap then spectrum emission mask allowing higher power spectral density applies for that frequency
d)	If for some frequency a sub-block spectrum emission mask overlaps with the sub-block bandwidth of another sub-block, then the emission mask does not apply for that frequency.
For the When signalling is absent for dualPA-Architecture IE is absent, if carrier leakage or I/Q image may lands inside the gap spectrum between 2 UL CCs when UL CCs are synchronized with frequencies in the gap, exception to the SEM requirement applies.

<next change>
[bookmark: _Toc21344410][bookmark: _Toc29801897][bookmark: _Toc29802321][bookmark: _Toc29802946][bookmark: _Toc36107688][bookmark: _Toc37251462][bookmark: _Toc45888338][bookmark: _Toc45888937][bookmark: _Toc59650265][bookmark: _Toc61357537][bookmark: _Toc61359311][bookmark: _Toc67916250]6.5A.3.1	General spurious emissions
For inter-band carrier aggregation with uplink assigned to two NR bands, the spurious emission requirement Table 6.5.3.1-2 apply for the frequency ranges that are more than FOOB as defined in Table 6.5.3.1-1 away from edges of the assigned channel bandwidth on a component carrier. If for some frequency a spurious emission requirement of individual component carrier overlaps with the spectrum emission mask or channel bandwidth of another component carrier then it does not apply.
NOTE:	For inter-band carrier aggregation with uplink assigned to two NR bands the requirements in Table 6.5.3.1-2 could be verified by measuring spurious emissions at the specific frequencies where second and third order intermodulation products generated by the two transmitted carriers can occur; in that case, the requirements for remaining applicable frequencies in Table 6.5.3.1-2 would be considered to be verified by the measurements verifying the one uplink inter-band CA spurious emission requirement.
For intra-band contiguous carrier aggregation the spurious emission limits apply for the frequency ranges that are more than FOOB (MHz) in Table 6.5A.3.1-1 from the edge of the aggregated channel bandwidth. For frequencies ΔfOOB greater than FOOB as specified in Table 6.5A.3.1-1 the spurious emission requirements in Table 6.5.3.1-2 are applicable.
Table 6.5A.3.1-1: Boundary between out of band and spurious emission domain for intra-band contiguous carrier aggregation
	Aggregated Channel bandwidth
	OOB boundary FOOB (MHz) 

	BWChannel_CA
	BWChannel_CA + 5



For intra-band non-contiguous carrier aggregation transmission the spurious emission requirement is defined as a composite spurious emission requirement. Composite spurious emission requirement applies to frequency ranges that are more than FOOB away from the edges of each carrier in the gap and out of the gap. Composite spurious emission requirement is defined as follows 
a)	Composite spurious emission requirement is a combination of individual sub-block spurious emission requirements
b)	In case the sub-block consist of one component carrier the sub-lock spurious emission requirement and FOOB are defined in subclause 6.5.3.1
c)	If for some frequency an individual sub-block spurious emission requirement overlaps with the general spectrum emission mask or the sub-block bandwidth of another sub-block then it does not apply
For theWhen signalling is absent for dualPA-Architecture IE is absent, if carrier leakage or I/Q image may lands inside the gap spectrum between 2 UL CCs when UL CCs are synchronized with frequencies in the gap, exception to the general spurious requirement applies.

<next change>

6.5A.2.4.1.2	NR ACLR for intra-band non-contiguous CA
For intra-band non-contiguous carrier aggregation, CA Adjacent Channel Leakage power Ratio(CAACLR) is the ratio of the sum of the filtered mean power centred on each assigned channel frequency to the filtered mean power centred on an adjacent NR channel frequency at nominal channel spacing. In case the gap bandwidth Wgap between 2 uplink CCs is smaller than maximum of the 2 uplink channel bandwidths then no CAACLR requirement is set for the gap. Each assigned NR channel power and adjacent NR channel power are measured with rectangular filters with measurement bandwidths specified in Table 6.5.2.4.1-1. If the measured adjacent channel power is greater than –50dBm then the ACLR shall be higher than the value specified in Table 6.5A.2.4.1.2-1.
Table 6.5A.2.4.1.2-1: General requirements for intra-band non-contiguous CA ACLR
	
	ACLR / Measurement bandwidth

	CA ACLR
	30 dB

	CA Measurement bandwidth for each sub block
(NOTE 1)
	MBWACLR

	Adjacent channel centre frequency offset (in MHz)
	+ BWChannel
/
- BWChannel

	NOTE 1: MBWACLR is the single-channel ACLR measurement bandwidths specified in 6.5.2.4.1.



When the signalling is absent for dualPA-Architecture IE, if carrier leakage or I/Q image may lands inside the gap spectrum between 2 UL CCs when UL CCs are synchronized with frequencies in the gap , exception to the ACLR requirement with 3dB relaxation applies.
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