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Introduction
WF[1] was approved, the evaluation aspects for different architectures are captured as below:
	Regulation aspects on architecture #2 and #3:
· Companies are encouraged to provide input whether 3dB ACLR or carrier and image leakage SEM relaxation complies with regulation:
· Per country/region
· Depending on deployment (co-located, synchronous…)
· Depending on the relaxation level
· For n77(2A) PC2 in the US whether the use-case where first CC is in 3.45-3.55GHz, second CC is in 3.7-3.98GHz and image leakage falls in 3.55-3.7GHz range (n48 frequency range) is compliant with regulation if in-gap exception are allowed
· Note that given that the gap is 150MHz and architecture #2 and #3 only support 200MHz total the aggregated BW is limited to 50MHz max. 
· if the CCs BW used in spectrum below and above n48 are not the same a part of the image may fall onto the band 48 spectrum
In-gap relaxation aspects for architecture #2 and #3:
· Aside from the regulation check that is needed:
· Unless lower Image leakage is assumed (better than 28dB) the ACLR relaxation of 3dB is not sufficient for PC2 as it leaves no room for non-linearity contribution
· WF: relaxation of 4dB or better image assumptions are decided at next meeting
· Image leakage can result in significant interference to in-gap carriers and is probably not acceptable in all deployment scenarios:
· WF: for next meeting mitigation  or deployment restrictions are further studied:
· Restricting to gap < aggregated BW (in gap SEM limited to -13dBm/MHz)
· Restricting to the two respective configured CC sizes to be the same(in a symmetric fashion) 
· Allow exception to SEM but at a defined dBm/MHz level and based on improved image leakage
· Only allow in co-located scenario and/or if the affected spectrum belongs to the same operator (may imply signaling)
· Carrier leakage being less harmful: 
· WF: allow exception to a level similar to PC3 based on improved carrier leakage level
PA swap time aspect for architecture #4:
· Further discuss how to consider the PA swapping time for #4 and its impact to performance versus PC3
· Either impact of swap time is negligible (< 10 to 15us - MRTD)
· Or Scell is allowed to reach only PC3 (no swap) but MPR including delta MPR provides at least 1.5dB higher total power vs PC3



This paper provides further analysis on intra-band UL NC CA architecture handling, and MPR requirements. 
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Additional requirements for each architecture
The architecture for PC2 NC CA has been discussed for several RAN4 meetings, and we still keep all 4 architectures as pursued for evaluation. To facilitate the progress, we provides MPR evaluation on all architectures, and provides analysis on its additional RF requirement respectively. The 4 RF architectures are copied as below:
	[bookmark: OLE_LINK25]Arch
	description
	Additional RF requirement

	#1
	2x26dBm PA + 2LO with 100MHz BW
	

	#2
	1x26dBm PA + 1LO with 200MHz BW
	In-gap requirement when LO or image fall inside

	#3
	2x23dBm PA + 1LO with 200MHz BW
	In-gap requirement when LO or image fall inside

	#4
	1x23dBm+1x26dBm + 2LO with 100MHz BW
	PA swap time


Additional RF requirement for each RF architecture is firstly provided.
 In-gap requirement for architecture #2 and #3
We first copy the in-gap emission requirements for intra-band NC CA defined in TS 38.101-1, i.e. the composite mask:
“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.”
WF[2] also provide the figure on the composite emission mask, can be seen in Fig1:
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Fig 1. Composite SEM/SE for intra-band UL NC CA
Based on the composite emission mask definition for intra-band NC CA, we can observe that 
· The worst case for in-gap spurious requirement is -27dBm/MHz when composite of -30dBm/MHz+-30dBm/MHz.
· 1RB allocation would be the worst case for in-gap requirement with LO/image landing inside.
· When -40dBc image/LO leakage ability can be reached, at most 13dB MPR is needed for 1RB allocation case, while the MPR would be decreased with larger RB allocation, i.e. 13-10log(BWRBalloc/1MHz), and the ACLR will be reached in natural.
· When BWgap<=CBW1+CBW2, and image falling into the gap(fIMAGE=2*f¬LO-fCC2,RB2 is within the gap), MPR=0dB
Observation 1: UEs with enhanced Image/leakage ability can reach in-gap requirement with reasonable MPR value. For gap BW which is less or equal to CBW1+CBW2, no MPR for image falling is needed.
Proposal 1: No OOBE exception requirement for architecture #2 and #3, UE support intra-band NC CA with 1PA architecture can solve in-gap issue with additional MPR to reach the in-gap requirement which is less than or equal to 13dB for worst case
PA swap time for architecture #4
For architecture #4, the PA and RF chain is combined depending on the transmission power. Following cases on transmission power for CC1 and CC2 are existed:
	
	CC1(LO1)
	CC2(LO2)
	Total power

	Case1
	23dBm
	23dBm
	26dBm

	Case2
	26dBm(>23dBm)
Or
24dBm
	N/A(<23dBm)
Or
22dBm
	26dBm

	Case3
	N/A(<23dBm)
Or
22dBm
	26dBm(>23dBm)
Or
24dBm
	26dBm


When case2 and case3 is switched between slot or symbol triggered by scheduling, the PA swap time may be needed.
For switching between case1 and case2/case3, possibly PA swap time is needed when PA configuration need to change from 26dBm/CC1(LO1)+23dBm/CC2(LO2) to 23dBm/CC1(LO1)+26dBm/CC2(LO2).
There are 2 solutions to implement PA swapping:
· Solution 1: swap the combine relation between the RF chain and PA.
· Solution 2: Retune the RF/BB chain to adjust CC1(LO1)->CC2(LO2), and also the parameter on baseband
It is obviously solution 1 can be implemented by a shorter duration. Reusing the value used for SRS antenna switching, at least 15us swap time can be considered. The swap time is only allowed for following switching cases:
· Case1 <-> case2 or case1 <-> case3
· Case 2 <-> case 3
Where case1 is that the transmission power for both CCs are ≤23dBm.
Where case 2 is that the transmission power for CC1 is larger than 23dBm and for CC2 is ≤23dBm, while case 3 is that the transmission power for CC2 is larger than 23dBm and for CC1 is ≤23dBm.
Proposal 2: 15us of PA swap time for architecture #4 can be considered, the swap time is only allowed for the switching of:
· case1 and case2/3, 
· case2 and case3
where:
· Case1 is that the transmission power for both CCs are ≤23dBm.
· Case 2 is that the transmission power for CC1 is larger than 23dBm and for CC2 is ≤23dBm, while case 3 is that the transmission power for CC2 is larger than 23dBm and for CC1 is ≤23dBm.
MPR comparison for different architectures
Following RB configurations for intra-band UL NC CA with different RF architectures are evaluated. CBW1 for CC1 is 60MHz, CBM2 for CC2 is 60MHz, the gap between CCs is 80MHz, the waveform is CP-OFDM.
	
	
	RB allocations
	MPR 
	WC

	IM3 region
	B
	CC1
	CC2
	Archi#1
	Archi#2
	Archi#3
	Archi#4
	

	-30dBm/MHz
	0.72
	1RB0
	1RB0
	14.5
	15.1
	15.6
	14.7
	15.6

	
	1.44
	2RB0
	2RB0
	11.3
	12.8
	13
	11.4
	13

	
	2.88
	4RB0
	4RB0
	11.2
	12.5
	12.5
	11.4
	12.5

	
	5.76
	8RB0
	8RB0
	10.7
	11.2
	11.3
	10.8
	11.3

	
	10.8
	15RB0	
	15RB0	
	10.2
	11
	11.4
	10.5
	11.4

	
	23.04
	32RB0	
	32RB0	
	9.2
	10.5
	10.7
	9.5
	10.7

	
	46.08
	64RB0	
	64RB0	
	8.8
	9.4
	9.7
	8.9
	9.7

	
	92.16
	128RB0	
	128RB0	
	8.5
	8
	8.3
	8.7
	8.7

	
	97.92
	136RB0	
	136RB0	
	8.3
	8.9
	9.3
	8.5
	9.3

	
	103.68
	144RB0	
	144RB0	
	8.1
	9.5
	9.9
	8.3
	9.9

	
	116.64
	162RB0
	162RB0
	7.5
	8.3
	8.7
	7.8
	8.7

	
	0.72
	1RB0
	1RB161
	13
	13.5
	13.7
	13.6
	13.7

	
	1.44
	2RB0
	2RB160
	12.1
	12.6
	12.9
	12.8
	12.9

	
	2.88
	4RB0
	4RB158
	11.7
	11.5
	11.9
	11.9
	11.9

	
	5.76
	8RB0
	8RB154
	10.9
	9.9
	10.1
	11.1
	11.1

	
	11.52
	16RB0
	16RB146
	10.2
	9.6
	10.2
	10.4
	10.4

	
	23.04
	32RB0
	32RB130
	9.5
	9.5
	9.8
	9.7
	9.8

	
	46.08
	64RB0
	64RB98
	8.5
	8.7
	9.1
	8.7
	9.1

	-13dBm/MHz
	TBD
	



[bookmark: _GoBack]Proposal 3: It is proposed to use the worst case value across architectures to define MPR for non-contiguous CA.
Conclusion
In this contribution we discussed on the open issues on FR2 bandwidth class, according to the analysis, we have the following proposals: 
Observation 1: UEs with enhanced Image/leakage ability can reach in-gap requirement with reasonable MPR value. For gap BW which is less or equal to CBW1+CBW2, no MPR for image falling is needed.
Proposal 1: No OOBE exception requirement for architecture #2 and #3, UE support intra-band NC CA with 1PA architecture can solve in-gap issue with additional MPR to reach the in-gap requirement which is less than or equal to 13dB for worst case.
Proposal 2: 15us of PA swap time for architecture #4 can be considered, the swap time is only allowed for the switching of:
· case1 and case2/3, 
· case2 and case3
where:
· Case1 is that the transmission power for both CCs are ≤23dBm.
· Case 2 is that the transmission power for CC1 is larger than 23dBm and for CC2 is ≤23dBm, while case 3 is that the transmission power for CC2 is larger than 23dBm and for CC1 is ≤23dBm.
Proposal 3: It is proposed to use the worse case value across architecture to define MPR for non-contiguous CA.
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