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Introduction
In RAN4#94-Bis e-meeting, a number of Way Forwards [1, 2] provided further alignment on architecture and requirements for Rel 16 non-contiguous UL CA. In this contribution, we discuss architecture and signaling aspects and provide first estimates for MPR. Since there was only 2 weeks available between end of last meeting and contribution deadline, it was not possible to perform 2TX measurements which cannot be simulated and are time consuming especially given the number of cases to cover. Our analysis is based on contiguous UL CA and ENDC data.
Discussion
Architecture and Signaling Aspects
Although this contribution focusses on non-contiguous UL CA, because the 2PA architecture is also foreseen for large bandwidth class C contiguous UL CA, the architecture and signaling aspects discussed here are relevant to both contiguous and non-contiguous UL CA.
Transmitter Architecture

Agreement in [1] is to focus on the 2antenna/2PA/2LO architecture due to the close to 600MHz bandwidth to be supported in n77 operation in Japan. 1PA/1LO is not precluded and the specification and signaling should accommodate for it. Also, 2PA/2LO cases are relevant for class C contiguous CA.

Since the goal is to support PC3, there are a few implications for the two PA architecture:
· Each PA should have PC3 capability since for largely imbalanced RB allocation, all the power needs to be supported by one PA.
· If only 2 transmit paths are available, it will not be possible to support UL CA and UL MIMO simultaneously
· If, for some smaller instantaneous bandwidths cases UL CA could be supported with one TX chain, UL MIMO could be supported depending on BW class.

Proposal 1 on two TX chain architecture for contiguous and non-contiguous UL CA:
· 2TX signaling shall be used and will correspond to 2antenna/2 PC3 PA/2 LO architecture if PC3 SA is signaled such that:
· Default (no signaling) is 1TX
· FFS if this capability is linked to single CC UL MIMO support
· UL MIMO is not supported by default, specific signaling is needed if 4 TX chains are available and both intra-band UL CA and UL MIMO are supported simultaneously.
· FFS if UE signaling 2TX architecture could do it per BW class and thus support some BW class simultaneously with UL MIMO.
Bandwidth class and Signaling Aspects
Since we have agreed that 2TX architecture was needed due to the large bandwidth to support, it is clear that the transmitter capability is linked to the instantaneous transmission bandwidth which is CC1 BW + CC2 BW + Gap BW and not the gap BW alone. Since we have already agreed that class C UL CA can be supported by a single PA, instantaneous bandwidths of 200MHz should be one of the bandwidth class.
One aspect to consider is that the current focus on n77 is the extreme for FR1. As can be seen from Table 1 only n77/78/79 and n46 have UL bandwidths in excess of 200MHz. In fact below 2.5GHz all the bands require less than 100MHz bandwidth. This means that a 1TX architecture works in many cases and, at least for TDD bands have reasonable MPR if image and carrier leakage can be managed (as the related RX band is not protected and no MSD).
Table 1: UL bandwidth of NR bands
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Proposal 2 on non-contiguous UL CA bandwidth classes:
· Bandwidth class is signaling the instantaneous UL bandwidth capability (CC1+CC2+Gap BW) and not gap- size
· For Release 16, 3 non-contiguous UL bandwidth classes are introduced as follows:
· 15-100MHz instantaneous UL bandwidth capability (Class B?)
· 100-200MHz instantaneous UL bandwidth capability (Class C?)
· 200-600MHz instantaneous UL bandwidth capability (Class D or G?)
MPR Back-off Measurements for 1PA
Since we have evaluated the worst case IMDs for contiguous UL CA to study NS04 and N27 A-MPR, the data can be reused for non-contiguous UL CA with 1TX architecture. Figure 1 is relevant for instantaneous bandwidths up to 100MHz while Figure 2 is relevant for instantaneous bandwidths up to 200MHz.
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Figure 1: 15 kHz DFT-s-OFDM (top) and CP-OFDM (bottom) QPSK 1RB+1RB case: 3rd to 7th harmonic power in dBm/MHz versus Pout for 20 MHz + 20 MHz (dashed) and 50 MHz + 50 MHz (plain)
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Figure 2: 30 kHz DFT-s-OFDM (top) and CP-OFDM (bottom) QPSK 1RB+1RB case: 3rd to 7th harmonic power in dBm/MHz versus Pout for 60 MHz + 100 MHz (dashed) and 100 MHz + 100 MHz (plain)
In order to analyze results and derive MPR proposal, the linearity behavior of today’s UE implementation using ET or APT must be compared with the 3GPP fixed bias assumption as follows:
· The 3GPP fixed bias assumption at ACLR limit is conservative for low back-off (say < 5dB) as APT and ET implementations have linearity margin to start with and small additional margins to account for process/temperature/voltage variations is sufficient
· However, for large back-off, the 3GPP fixed bias assumption at the ACLR limit is optimistic as both ET and APT linearity improvements with back-off are more limited.
· Furthermore, some implementations have more bandwidth limitations than the fixed bias case and thus extra margin should be added for BW exceeding the 100MHz single CC limit or the 4% relative bandwidth limit associated with single CC MPR.
Observations for 1RB+1RB at -13 dBm/MHz level (IM3 falling in first adjacent of one of the CC):
· IMD3 <-13 dBm/MHz and IMD5 < -30dBm/MHz
· CP-OFDM and DFT-s-OFDM requires a similar back-off and should use the same MPR value 
· >8 dB back-off with MPR needing extra margin to cover all implementations

Observations for 1RB+1RB at -30 dBm/MHz level (IM3 falling ins econd adjacent of one of the CC)
· IMD3 and IMD5 < -30dBm/MHz
· CP-OFDM and DFT-s-OFDM requires a similar back-off and should use the same MPR value 
· IMD3/5/7 should be considered for A-MPR
· >15 dB back-off with MPR needing extra margin to cover all implementations

Observations on possible inner case (IM3 falling within the allocated CCs):
· Only occurs if the gap BW is less than one of the CC BW
· Requires IMD5 to meet -13 dBm/MHz
· CP-OFDM and DFT-s-OFDM requires a similar back-off and should use the same MPR value
· >3 dB back-off with MPR needing small margin to cover all implementations

Proposal 3 on 1TX path non-contiguous UL CA MPR evaluation: Applicable up to 200MHz instantaneous BW
· Same MPR applies to CP-OFDM and DFT-s-OFDM
· Outer 1 allocation MPR (IM3 in outer adjacent channel) 
· Outer 2 allocation MPR (IM3 in outer second adjacent channel)
· Whether to introduce inner allocation (IM3 in CC) is FFS due to limited cases
· Since the curve versus BW is only related to PSD the EN DC curve can be used in terms of bandwidth segments
Applicability of ENDC MPR to UL CA two PA Case
In order to get a first evaluation of 2TX MPR, in view of the lack of measurements, the data from intra-band non-contiguous ENDC can be used. Still, it requires a detailed analysis since there are many differences. These are discussed in the following paragraphs.

DC_41_n41 PC2 MPR 

As a starting point, Table 2 is the latest agreed MPR values for DC_41_n41 for 29dBm power class from [3].
Table 2: DC_41_n41 MPR curves
	-13dBm/MHz
	-30dBm/MHz

	BW
	MPR
	BW
	MPR

	[MHz]
	[dB]
	[MHz]
	[dB]

	0 ≤B<0.54
	12
	0 ≤B<1.09
	18

	0.54 ≤B<1.08
	10
	1.08 ≤B<2.17
	17.5

	1.08 ≤B<2.16
	9
	2.16 ≤B<3.25
	17

	2.16 ≤B<3.25
	8.5
	3.24 ≤B<5.5
	15

	3.24 ≤B<5.4
	8
	5.4 ≤B<10.9
	14

	5.4 ≤B
	6
	10.8 ≤B
	13


UL CA vs ENDC Power Class and Power Sharing Comparison
ENDC numbers are based on equal power/equal back-off evaluation but MPR must be valid across different P_LTE and P_NR ratios while UL CA uses equal PSD, equal back-off. The UL CA power sharing case is anyhow covered by ENDC MPR as equal PSD is one of the possible P_LTE Versus P_NR ratio.

In ENDC, MPR applies per cell group (ie per PA capability). To translate this into UL CA MPR, the following needs to be considered.
· For PC3 UL CA, two PC3 PAs are needed thus MPR applies from 23 dBm
· For UL CA, the MPR reference is the power class thus: 
· For 12dB ENDC MPR each PA is at 23 dBm less 12 dBm =11 dBm thus the total power is at 14dBm which correspond to an 8 dB UL CA MPR
· UL CA MPR is 3 dB higher than ENDC MPR.

ENDC numbers are based on two 26dBm transmit chains so SEM requirement is actually 3dB more stringent than what it would be for PC3 UL CA using two PC3 PAs. Consequently, we submit that: 
· This would mean that based on a 3dB/dB worst case slope, the power could be 1dB higher for PC3
· Conversely, PC3 PA targeting 30dB ACLR while PC2 PA targets 31dB ACLR, corresponding into a 0.4dB worse linearity level
· Overall 0.5dB optimization for PC3 may be feasible.

Observations on Power class and back-off method:
· UL CA MPR is 3dB lower than ENDC MPR
· Targeting PC3, UL CA MPR could be further optimized by 0.5dB
UL CA vs ENDC PAPR Comparison
To illustrate the potential differences between ENDC and UL CA MPR, we have to compare PAPR of the combination of LTE and NR versus two NR waveforms with the following considerations:
· Allocation: 1RB + 1RB (dashed lines) or 100RB+ 100RB (solid lines)
· DFT-s-OFDM QPSK on each CC for NR UL CA (red curves)
· CP-OFDM QPSK on each CC for NR UL CA (green curves)
· CP-OFDM QPSK on NR CC and SC-FDMA on LTE CC for ENDC (blue curves).
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Figure 3: PAPR CCDF of DFT-s-OFDM and CP-OFDM combined channel compared with ENDC
Observations on PAPR:
· NR UL CA DFT-s-OFDM cases are ~1.5 dB lower PAPR than ENDC case
· NR UL CA CP-s-OFDM cases are ~0.5 dB higher PAPR than ENDC case

For large back-off 1TX measurements, we have only seen about 0.5dB difference between CP-OFDM and DFT-s-OFDM thus it seems reasonable to allocate 0.5dB extra MPR to account for CP-OFDM UL CA case until measurements gives us a better understanding. This cancels the benefit of moving from P2 to PC3 in previous observation.

Bandwidth Comparison

For DC_41_n41, the largest distance between allocations is <190MHz while for n77AA we are talking about <600MHz. For contiguous UL CA this is <200MHz, thus in both cases would need to extrapolate from 200MHz to 600MHz. Since the reverse IMD phenomenon is hard to model especially for ET implementations, there is no reasonable way to extrapolate ENDC results up to 600MHz BW.

Observations Bandwidth: It is not possible to extrapolate ENDC data (<200MHz BW) to n77(2A) case.
Preliminary Evaluation for MPR
Table 3 below does not constitute a formal proposal as only a full set of measurements would allow such a proposal and especially so for values at 600MHz instantaneous bandwidth. However, based on non-contiguous ENDC and contiguous 1TX UL CA data, a first estimate of the QPSK MPR for both 1PA and 2PA architecture can be used to consider for evaluation.
Table 3: Potential structure for 1TX and 2TX outer allocation MPR
	Outer 1 case 
(IMD3 in adjacent channel)
	Outer 2 case 
(IMD3 in second adjacent channel)

	BW [MHz]
	2TX [dB]
	1TX [dB] 
	BW [MHz]
	2TX [dB]
	1TX [dB] 

	0 ≤B<0.54
	
	
	0 ≤B<1.09
	
	

	0.54 ≤B<1.08
	
	
	1.08 ≤B<2.17
	
	

	1.08 ≤B<2.16
	
	
	2.16 ≤B<3.25
	
	

	2.16 ≤B<3.25
	
	
	3.24 ≤B<5.5
	
	

	3.24 ≤B<5.4
	
	
	5.4 ≤B<10.9
	
	

	5.4 ≤B
	
	
	10.8 ≤B
	
	



Proposal 4 on non-contiguous UL CA MPR: 
· MPR table for non-contiguous UL CA can follow the DC_41_n41 MPR curve approach with absolute aggregated allocation BW
· As differences between DFT-s-OFDM and CP-OFDM are small, a single MPR value is used and evaluation uses CP-OFDM waveforms in both CCs
· Outer 1 is evaluated for different allocation BW with IMD3<-13dBm/MHz and IMD5<-30dBm/MHz
· Outer 2 is evaluated for different allocation BW with IMD3 and IMD5<-30dBm/MHz
· Addition of an ACLR term is FFS
· Addition of an inner allocation when IMD3 falls in the allocated CCs is FFS
· Different MPR values per instantaneous bandwidth class is FFS.
Conclusions
In this contribution, we first analyzed the architecture and signaling aspects related to NR non-contiguous UL CA and make the following proposals.

Proposal 1 on two TX chain architecture for contiguous and non-contiguous UL CA:
· 2TX signaling shall be used and will correspond to 2antenna/2 PC3 PA/2 LO architecture if PC3 SA is signaled such that:
· Default (no signaling) is 1TX
· FFS if this capability is linked to single CC UL MIMO support
· UL MIMO is not supported by default, specific signaling is needed if 4 TX chains are available and both intra-band UL CA and UL MIMO are supported simultaneously.
· FFS if UE signaling 2TX architecture could do it per BW class and thus support some BW class simultaneously with UL MIMO.
We also analyzed the different bandwidth needs across all NR bands and make the following proposal on bandwidth classes:
Proposal 2 on non-contiguous UL CA bandwidth classes:
· Bandwidth class is signaling the instantaneous UL bandwidth capability (CC1+CC2+Gap BW) and not gap- size
· For Release 16, 3 non-contiguous UL bandwidth classes are introduced as follows:
· 15-100MHz instantaneous UL bandwidth capability (Class B?)
· 100-200MHz instantaneous UL bandwidth capability (Class C?)
· 200-600MHz instantaneous UL bandwidth capability (Class D or G?)

We re-used some of our contiguous UL CA 1TX measurements to estimate worst case MPR for 1TX <200MHz instantaneous TX bandwidth and make the following proposal for future evaluation:

Proposal 3 on 1TX path non-contiguous UL CA MPR evaluation: Applicable up to 200MHz instantaneous BW
· Same MPR applies to CP-OFDM and DFT-s-OFDM
· Outer 1 allocation MPR (IM3 in outer adjacent channel) 
· Outer 2 allocation MPR (IM3 in outer second adjacent channel)
· Whether to introduce inner allocation (IM3 in CC) is FFS due to limited cases
· Since the curve versus BW is only related to PSD the EN DC curve can be used in terms of bandwidth segments

Finally, extrapolating from DC_41_n41 ENDC data we formulate this last proposal for a future 2TX measurement campaign:
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Proposal 4 on non-contiguous UL CA MPR: 
· MPR table for non-contiguous UL CA can follow the DC_41_n41 MPR curve approach with absolute aggregated allocation BW
· As differences between DFT-s-OFDM and CP-OFDM are small, a single MPR value is used and evaluation uses CP-OFDM waveforms in both CCs
· Outer 1 is evaluated for different allocation BW with IMD3<-13dBm/MHz and IMD5<-30dBm/MHz
· Outer 2 is evaluated for different allocation BW with IMD3 and IMD5<-30dBm/MHz
· Addition of an ACLR term is FFS
· Addition of an inner allocation when IMD3 falls in the allocated CCs is FFS
· Different MPR values per instantaneous bandwidth class is FFS.
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