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GTW agreements
MPR requirement for non-contiguous PC2 UL CA vs architecture
for intra-band UL NC CA, have further discussion of MPR values assuming two sets of MPR values
· Discuss Set #1 considering arch #1 and #4
· Discuss Set #2 considering arch #2 and #3
· Decide how to specify the final MPR table after stabilizing the values for Set #1 and Set #2.
[bookmark: OLE_LINK185]
Recommendations for 2nd round: Discuss on MPR values for set#1 and set #2 in the WF
Exceptions for 1LO architectures for non-contiguous PC2 UL CA
For 1x26dBm PA + 1LO with 200MHz BW and 2x23dBm PA + 1LO with 200MHz BW, to handle in-gap requirement when LO or image fall inside
· No exception requirement is allowed assuming
· SEM for in-gap is -13dBm/MHz and in-gap is less or equal to aggregated bandwidth
· Applicable for PC3 and PC2
· Further checking is needed
· Further study whether IQ suppression >=32dBc is feasible.
· Further check the case where spurious emission is lower than -13dBm/MHz
· If IQ suppression >=32dBc is not feasible, we need further discussion whether there is no exception allowed
· Further check the case when in-gap is larger than the aggregated bandwidth

Recommendations for 2nd round: Further discuss in next meeting
2Tx PC2 contiguous UL CA MPR
Background: 1Tx contiguous UL CA MPR
PC2 1Tx MPR has already been agree in previous meeting and is valid for baseline architecture with one LO and one PC2 PA covering 200MHz. This also enables implementations with 2Lo and two PC2 PAs that can meet the same MPR requirement. Since this is the reference for further elaboration of the 2Tx case, the contiguous and non-contiguous allocations MPR tables are reproduced here. The two Tx MPR table targeting implementations with two PC3 PAs and TxD or UL MIMO need to further account for the impact of a 1dB lower ACLR linearity level of the PC3 PA versus PC2 PA and the impact of reverse IMD.
Table 6.2A.2.1-1a: Contiguous RB allocation for Power Class 2 with 1Tx
	Modulation
	MPR for bandwidth class B(dB)
	MPR for bandwidth class C(dB)

	
	inner
	Outer1
	inner
	Outer2

	DFT-s-OFDM
	Pi/2 BPSK
	2.0
	4.01
	2.5
	7

	
	QPSK
	2.0
	4.01
	2.5
	7

	
	16QAM
	2.5
	4.01
	2.5
	7

	
	64QAM
	3.0
	4.51
	5
	7

	
	256QAM
	5.5
	6.0
	7
	7.5

	CP-OFDM
	QPSK
	2.5
	5.01
	3.5
	8

	
	16QAM
	3.0
	5.01
	3.5
	8

	
	64QAM
	3.5
	5.01
	5
	8

	
	256QAM
	6.5
	6.5
	7
	8

	NOTE 1: When 1 RB or 2 RB are allocated at the lower edge of lowest CC or upper edge of upper CC, MPR for outer is [5.5] dB.



Table 6.2A.2.1-3: non-contiguous RB allocation for Power Class 2 with 1Tx
	Modulation
	MPR for bandwidth class B(dB)
	MPR for bandwidth class C(dB)

	
	inner
	Outer11
	Outer22
	inner
	Outer11
	Outer22

	DFT-s-OFDM
	Pi/2 BPSK
	33
	6.5
	13
	33
	7.5
	13.5

	
	QPSK
	33
	6.5
	
	33
	7.5
	

	
	16QAM
	33
	6.5
	
	33
	7.5
	

	
	64QAM
	5
	6.5
	
	5
	7.5
	

	
	256QAM
	6.5
	7
	
	6.5
	7.5
	

	CP-OFDM
	QPSK
	3.53
	7
	14
	3.53
	8
	14.5

	
	16QAM
	3.53
	7
	
	3.53
	8
	

	
	64QAM
	5
	7
	
	5
	8
	

	
	256QAM
	7.5
	7.5
	
	7.5
	8
	

	NOTE 1: Outer 1 MPR for Pi/2 BPSK and QPSK is reduced by 2dB for aggregated allocation bandwidth > 10MHz 
NOTE 2: Outer 2 MPR is reduced by 4.5dB for aggregated allocation bandwidth > 10MHz
NOTE 3: the allowed MPR is [4]dB for aggregated allocation bandwidth < [2MHz].



To better understand which allocation type may affected by RIMD and lower PA linearity, the following aspects are reminded:

Observations:
For contiguous allocations:
· Outer allocations are driven by ACLR which using two PC3 PAs is affected by RIMD and by the 1dB lower ACLR PC3 PA linearity vs PC2.
· Inner allocations for UL CA may be limited by SEM or ACLR instead of EVM because of the 3dB higher power and thus can be impacted by RIMD and lower PC3 PA linearity

For non-contiguous allocations: all allocations are limited by SEM since 1RB +1RB have following IMD issues:
· IMD5 needs to meet -13dBm/MHz  for inner
· IMD3 and IMD5 to meet -13dBm/MHz for outer 1
· IMD3 need to meet -13dBm/MHz and IMD5 need to meet -30dBm/MHz for outer 2
· As such they are all affected by RIMD and lower PC3 PA linearity.

It should be noticed here that Outer 2 Class C MPR correspond to 200MHz IMD3 limit at -13dBm/MHz and IMD5 at -30dBm/MHz which also correspond to the non-contiguous UL CA case for IMD3 at -13dBm/MHz.
[bookmark: OLE_LINK52]Applicability to PC2 contiguous CA for UL MIMO
Way-Forward: 
· According to [7]PC2 2Tx MPR for contiguous UL CA for UL MIMO can be based on the architectures:
· Based on two PC3 PAs 
· Based on two PC2 PAs 
· PC2 2Tx MPR for contiguous UL CA is the same for TxD or UL MIMO for the same PA architecture
· Further study whether 2 set of MPR requirement is defined for different architecture
· Further study if UL CA with one PC2 PA and one PC3 PA should also be considered
· Whether Rel-17 signalling to differentiate sets of PC2 MPR requirement for different architecture is needed is FFS

Note: TxD signaling that is already available should be part of the study of enabling discriminations of PC2 MPR requirements
[bookmark: _GoBack]Proposed MPR for 2TX contiguous UL CA MPR with two PC3 PAs
Based on the observations from provided measurements for UL CA and single CC cases for PC2 with two PC3 PAs and the fact that most allocations, including inner, are limited by emissions in UL CA (EVM is per CC), the following is proposed.

Way-Forward: PC2 2Tx UEs with 2 PC3 PAs indicating TxD to reach the maximum output power in single port transmission are allowed additional MPR compared with PC2 1Tx MPR:
· [0-0.5dB] for contiguous outer allocations
· [0-0.5dB] for non-contiguous inner allocations
· [0-1] dB for non-contiguous outer1 and outer2 allocations
· Final value in the range will be decided at next meeting based on additional 2Tx UL CA measurements, FFS whether can share the PC2 CA 1Tx MPR
Proposed MPR for 2TX contiguous UL CA MPR with at least one PC2 PA
Way Forward: PC2 2Tx UEs with two PC2 PAs use 1Tx MPR when supporting UL CA for UL MIMO operation.
· FFS if the same can apply to one PC3 + one PC2 PA architecture
Proposed MPR Tables for 1Tx and 2Tx PC2 contiguous UL CA
The tables below are the proposed modification of the already agreed 1Tx PC2 contiguous UL CA contiguous allocations and non-contiguous allocations tables 
Table 6.2A.2.1-1a: Contiguous RB allocation for Power Class 2 with 1Tx and 2Tx
	Modulation
	MPR for bandwidth class B (dB)
	MPR for bandwidth class C (dB)

	
	inner
	outer1,3
	Inner
	outer3

	DFT-s-OFDM
	Pi/2 BPSK
	2.0
	4.01
	2.5
	7

	
	QPSK
	2.0
	4.01
	2.5
	7

	
	16QAM
	2.5
	4.01
	2.5
	7

	
	64QAM
	3.0
	4.51
	5
	7

	
	256QAM
	5.5
	6.0
	7
	7.5

	CP-OFDM
	QPSK
	2.5
	5.01
	3.5
	8

	
	16QAM
	3.0
	5.01
	3.5
	8

	
	64QAM
	3.5
	5.01
	5
	8

	
	256QAM
	6.5
	6.5
	7
	8

	NOTE 1: When 1 RB or 2 RB are allocated at the lower edge of lowest CC or upper edge of upper CC, MPR for outer is [5.5] dB.
NOTE 2: 2Tx UEs indicating TxD to support PC2 are allowed an additional [0-0.5] dB MPR for outer allocations



Table 6.2A.2.1-3: non-contiguous RB allocation for Power Class 2 with 1Tx and 2Tx
	Modulation
	MPR for bandwidth class B (dB)
	MPR for bandwidth class C (dB)

	
	Inner
	outer11
	outer22
	inner
	outer11
	outer22

	DFT-s-OFDM
	Pi/2 BPSK
	33
	6.5
	13
	33
	7.5
	13.5

	
	QPSK
	33
	6.5
	
	33
	7.5
	

	
	16QAM
	33
	6.5
	
	33
	7.5
	

	
	64QAM
	5
	6.5
	
	5
	7.5
	

	
	256QAM
	6.5
	7
	
	6.5
	7.5
	

	CP-OFDM
	QPSK
	3.53
	7
	14
	3.53
	8
	14.5

	
	16QAM
	3.53
	7
	
	3.53
	8
	

	
	64QAM
	5
	7
	
	5
	8
	

	
	256QAM
	7.5
	7.5
	
	7.5
	8
	

	NOTE 1: Outer 1 MPR for Pi/2 BPSK and QPSK is reduced by 2dB for aggregated allocation bandwidth > 10MHz 
NOTE 2: Outer 2 MPR is reduced by 4.5dB for aggregated allocation bandwidth > 10MHz
NOTE 3: the allowed MPR is [4]dB for aggregated allocation bandwidth < [2MHz].
NOTE 4: 2Tx UEs indicating TxD to support PC2 are allowed an additional [0-1] dB MPR for outer1 and outer2 allocations and [0-0.5] dB MPR for inner allocations



Way forward on signaling: Whether 1Tx and 2Tx UEs MPR applicability must can be discriminated based on their support of PC2 with and without indicating TxD depending on the study on signalling in 2.2.
PC2 non-contiguous UL CA MPR
Architecture options
Following table describes the 4 architectures discussed and some aspects associated to them that are further discussed.

	Arch
	description
	Architecture Limitation
	Applicability for UL CA + UL MIMO

	#1
	2x26dBm PA 
+ 2LO with 100MHz BW
	None: can support any CC separation and any asymmetric  allocation => baseline architecture consistent with PC3 study
	The two PAs can be used with Architecture 2 conditions and support UL CA + MIMO with full power capability for both 1 layer and 2 layer UL MIMO

	#2
	1x26dBm PA 
+ 1LO with 200MHz BW
	≤ 200MHz total BW 
In gap Image and carrier leakage issues, 
GTW agreed no exception to emission requirements with:
Gap ≤ aggregated BW => -13dBm/MHz applies in gap
	Two PAs can be used and support UL CA + MIMO with full power capability for both 1 layer and 2 layer UL MIMO

	#3
	2x23dBm PA 
+ 1LO with 200MHz BW
	≤ 200MHz total BW 
In gap Image and carrier leakage issues, 
GTW agreed no exception to emission requirements with:
Gap ≤ aggregated BW => -13dBm/MHz applies in gap
TxD is used to meet maximum power
	Can be used and support UL CA + MIMO with single port operation using TxD but can only support full power capability for and 2 layer UL MIMO

	#4
	1x23dBm+1x26dBm 
+ 2LO with 100MHz BW
	Can support any CC separation but to support any asymmetric allocation the two PAs need to be able to swap CCs => need transmission gap for swapping 
	The two PAs can be used with Architecture 2 conditions and support UL CA + MIMO with full power capability for both 1 layer and 2 layer UL MIMO => PA swapping also needed


Composite SEM requirement
There seem to be a different interpretation of how to construct composite SEM requirement from the single CC:
· One company takes the power sum of the individual CC SEM: i.e. 
· In a region where both SEM are at -13dBm/MHz it derives a composite SEM at -10dBm/MHz
· In a region where one SEM is at -13dBm/MHz and the other at -25dBm/MHz it derives a composite SEM at -13dBm/MHz
· Similarly where both SEM are at -30dBm/MHz it derives a composite SEM at -27dBm/MHz
· Two other companies take the composite SEM mask as taking the most relaxed value of the two (or max value):
· In a region where both SEM are at -13dBm/MHz it derives a composite SEM at -13dBm/MHz
· In a region where one SEM is at -13dBm/MHz and the other at -25dBm/MHz it derives a composite SEM at -13dBm/MHz
· In a region where both SEM are at -30dBm/MHz it derives a composite SEM at -30dBm/MHz
Here is a reminder of the requirement in 38.101-1 that confirms that the second interpretation is the right one.
“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.”
Way Forward: the composite spectral mask for non-contiguous intra-band UL CA uses the individual CC SEM value allowing the highest power (i.e.  Max[SEM CC1, SEMCC2])
MPR for 2LO architectures
There is evaluation data from 3 companies on the two candidate architectures which summarized in the table below for:
· Archi#1:Two PC2 PAs
· Archi#2: One PC2 PA + 1PC3 PA with PA swapping capability
	MPR
	
	HW
R4-2114494
	LGE 
R4-2109965
	Skyworks
R4-2104819
	Current PC3 
requirement

	IM3 region
	B
	Archi#1
	Archi#4
	Achi#1
	Achi#4
	Achi#1
	Achi#4
	2PC3 PA Achi

	-30dBm/MHz
	<0.72
	14.5
	14.7
	15
	16
	5.1
	7.1
	15

	
	1.44
	11.3
	11.4
	14
	15
	4.9
	6.7
	14.5

	
	2.88
	11.2
	11.4
	12.5
	14
	4.3
	6.3
	13.5

	
	5.76
	10.7
	10.8
	10.5
	12
	3.5 @5.4M
	5.7@5.4M
	11.5

	
	10.8
	10.2
	10.5
	10
	10.5
	2.6 @11.52M
	4.9@11.52M
	10.5

	
	>23.04
	9.2
	9.5
	8.5
	9
	
	
	9

	
	46.08
	8.8
	8.9
	
	
	4.7
	6.8
	

	
	92.16
	8.5
	8.7
	
	
	1.7@77.7M
	4.5@77.7M
	

	
	97.92
	8.3
	8.5
	
	
	
	
	

	
	103.68
	8.1
	8.3
	
	
	
	
	

	
	116.64
	7.5
	7.8
	
	
	
	
	

	[bookmark: _Hlk79787531]-13dBm/MHz
	<0.54
	7
	7.2
	
	9
	
	
	9

	
	0.54
	6.8
	7
	
	8
	
	
	8

	
	1.08
	6.5
	6.8
	
	7
	
	
	7

	
	2.16
	6.5
	6.6
	
	6.5
	
	
	6.5

	
	3.24
	6
	6.3
	
	5.5
	
	
	5.5

	
	5.4
	5.5
	5.8
	
	4
	
	
	4

	
	>10.8
	3.2
	3.3
	
	4
	
	
	4



Observations
· Data show from 0.3dB to 2dB worse back-off for Archi#4 versus Archi #1
· Archi#4 needs to support PA swapping to achieve maximum power in each CC
· For -30dBm/MHz Arch#1 can reuse PC3 MPR and fully benefit from PC2 power levels (except one value with 0.2dB) while Archi#4 needs from 0.5 to 1dB higher MPR.
· For -13dBm/MHz Arch#1 and Archi#4 can reuse PC3 MPR and fully benefit from PC2 power levels for narrow allocations but one data set shows higher MPR needed for larger allocation BW.
Way-forward: Given the above we propose the following non-contiguous UL CA PC2 MPR for 2LO architectures
	-30dBm/MHz IMD3
	-13dBm/MHz IMD3 and -30dBm/MHz IMD5

	B
	MPR1
	B
	MPR

	<0.72
	15.5
	<0.54
	9

	1.44
	15
	0.54
	8

	2.88
	14
	1.08
	7

	5.76
	12
	2.16
	6.5

	10.8
	10.5
	3.24
	6

	>23.04
	9
	5.4
	5.5

	
	
	>10.8
	4

	



Way-forward: PA swap time exception is not defined at this point
MPR for 1LO architectures
Only one company provided data for 1 LO architecture but did not cover cases with image and LO issues and in gap SEM was not evaluated based on image and carrier leakage
Another company provided input on single CC RIMD and lower linearity behaviour of two PC3 PAs using TxD for single CC operation. This issue is even more valid for two CC operation since all allocations are limited by absolute power SEM limit.
It should be noted that outer2 PC2 1Tx contiguous UL CA is subject to IMD3 at -13dBm/MHz has an agreed MPR for class C which is much higher than the suggested -13dBm/MHz MPR for non-contiguous 200MHz cases which means that either NC CA data is optimistic or contiguous CA outer 2 value is too high which is true for both PC3 and PC2.
Overall more checks are needed with the GTW agreed assumptions thus the following proposal:
Way Forward: MPR for 1LO architecture is further evaluated with the following assumptions:
· 4dB post PA loss and antenna isolation of 10dB for 2Tx case
· PC3 PA is calibrated for 26dBm QPSK 20MHz 100RB0 at 30dB ACLR
· PC2 PA is calibrated for 29dBm QPSK 20MHz 100RB0 at 31dB ACLR
· No SEM, general spurious or ACLR exceptions are allowed in gap, ACLR only applies to one CC in gap if the gap is larger or equal to the CC BW
· Baseline case is where the gap is equal or smaller than the aggregated BW (-13dBm/MHz in gap worst case SEM)
· Channel configurations where critical image and/or carrier leakage falls in gap are verified
· Improved carrier and image leakage are assumed and feasible value at large back-off are assessed
· Other channel configurations that have more stringent in gap SEM requirements are not precluded but feasibility of the image and carrier leakage 
· Given that MPR may apply due to in-gap issues that are not related to IMD3 values at -13dBm/MHz or -30dBm/MHz. a separate MPR table or delta/additional MPR is defined
· Based on the GTW agreements, in-gap exceptions should clarified for 38.101-1
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