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1 Background

The power reduction (A-MPR) allowed for meeting unwanted emissions requrements is outstanding for intra-band contiguous EN-DC and the combination DC_(n)71B in particular. The reference architecture for the existing requirements in 38.101-3 is based on a single PA used for supporting simultaneous transmission on both CGs. However, following concerns with the A-MPR needed to meet unwanted emissions limits and avoid desense of the own receiver raised in [1] and concerns on the feasibility of one PA for designs not supporting power sharing raised in [2], a way forward [3] for revisiting the reference architecure was agreed:
· RAN4 compares pros and cons of decide whether to define two sets of requirements, the 1st set of requirements based on the 1PA reference architecture as in [1], and and adding the 2nd set of requirements based on the 2PA reference architecture in RAN4 #86-bis meeting.

· Companies are encouraged to provide A-MPR simulation results in RAN4 #86-bis meeting for both 1PA and 2PA reference architectures.

· RAN4 complete both sets of DC_(n)71B requirements by RAN4 #87.
The following issues were identified [3]:
1. Issue 1 - large power backoff needed in order to meet emissions requirements

2. Issue 2 – conservative to worst MPR/A-MPR must apply.

3. Issue 3 – Tx power-mismatch restriction between LTE and NR.

4. Issue 4 –  cannot have independent power control for LTE and NR because of issue 3.

5. Issue 5 – inability to support EN-DC dynamic power sharing because of issue 3.
In this contribution we provide a first assessment of the above issues based on a limited set of simulations results. One possible resolution is to modify the existing SEM: this mask can actually be relaxed with limited impact on coexistence while still meeting the FCC unwanted emissions requirements. This modification would avoid undue power backoff using the existing single-PA reference architecture and thus improve dual UL coverage and facilitate independent power control on the two CGs for devices supporting power sharing. 
2 Choice of reference architecture

We assume that the existing single-PA reference architecture can be retained. In practice this implies an assumption that the reference device supports power sharing and that the CGs are combined before upconversion (combining the carriers in the analogue domain is not considered feasible). If the device is not supporting power sharing and based on separate RFICs, then a two-PA architecture is more likely. It is expected that the allowed power back-off specified based on the single-PA reference architecture can be accommodated by a design based on two separate PAs.
Synchronisation between the two CGs is assumed implicitly, the agreed MRTD for intra-band contiguous EN-DC is 3us.
3 Modified SEM to avoid undue UE power back-off
First we consider Issue 1 and Issue 2 above. The existing EN-DC SEM is based on the Band 71 mask with the aggregated EN-DC bandwidth replacing the channel bandwitdth. This mask is actually tighter than the regulatory emission limit, which is -13 dBm/100kHz outside the band of operation. Moreover, the boundary between the the OOBE and spurious emissions domain is well within the boundary recommended in ITU-R Rec. 1541, which is 2.5ENBW + 10 MHz from the carrier frequency using the ENBW as the necessary bandwidth. Extending the EN-DC mask to the latter boundary using at a -13 dBm/100kHz power level would have marginal impact on the coexistence if the ACLR requirement is maintained; the main purpose of the SEM is primarily for meeting regulatory requirements. This change would reduce the power backoff needed to meet unwanted emissions requirements.

We suggest a modification of the SEM as follows

1. the boundary between the OOBE and spurious domain extended to 2.5ENBW + 10 MHz from the carrier (centre) frequency or 2ENBW + 10 MHz from the aggegated carrier edge

2. the emission limit is -13 dBm/100kHz beyond the first 100 kHz

while keeping the ACLR requirement of 30 dBc. The spurious limit of -36 dBm/100kHz applies beyond 2ENBW + 10 MHz.
Using the modified mask the backoff can be reduced for the lowest-order IM products not already attenuated by the duplex filter will not be limited by the SEM and the spurious emissions requirements to the same extent. To this end, we show simulations based on a single PA calibrated to achieve 22 dBm output power at the antenna port for a 20 MHz LTE QPSK signal (standard LTE unwanted emissions requirements). 
Figure 1 shows the total output power that can be achieved with the existing and the modified mask for an 5 MHz + 5 MHz EN-DC bandwidth configuration with 1 RB allocated at the edges of each carrier of the CGs. Both signals are DFT precoded, The left-hand side of the figure shows a combined signal (LO centred) at 18.1 dBm output power that barely complies with the existing mask in blue. The right hand side shows that the output power can be increased to 20.5 dBm while till complying with the modified mask in blue; the IM3 and IM5 products are no longer limited by the SEM and spurious emissions requirement (the latter indicated at -46dBm/10kHz in the figures). The output power subject to the modified mask can in fact be increased further for the ACLR measured is 35 dBc.     
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Figure 1: output power for a 5 + 5 MHz EN-DC bandwidth configuration with 1 PRB allocation.

The results for a 10 RB allocation is shown in Figure 2; the resulting output power is 20.4 dBm subject to the existing mask in blue (left) and 22 dBm for the modified mask. The ACLR is around 30.5 dBc in both cases. Hence the modification of the mask implies a 1.6 dB lower total power back-off with marginal impact on coexistence, the ACLR requirement is still met.
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Figure 2: output power for a 5 + 5 MHz EN-DC bandwidth configuration with 1 PRB allocation.

For the 5 + 5 MHz and 10 + 5 MHz configurations IM products up to the seventh order will always fall within the modified SEM but may be attenuated by the duplex filter depending on the channel assignment within the band. The results will not change dramatically for a 10 + 10 MHz bandwidth configuration, but then the IM7 may fall in the spurious emissions domain: Figure 3 indicates that an output power of about 21.7 dBm can be achieved subject to the modified SEM (the IM7 just about meet the spurious emissions limit).
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Figure 3: output power for a 10 + 10 MHz EN-DC bandwidth configuration with 1 PRB allocation.

The changes to the SEM discussed above would like follows in 38.101-3:
Table 6.5B.2.1.2.1-1: Additional requirements
	ΔfOOB
(MHz)
	Frequency offset of measurement filter centre frequency, f_offset
	Minimum requirement

[dBm]
	Measurement bandwidth

	0 MHz ( (f < 0.1 MHz
	0.015 MHz ( f_offset < 0.085 MHz
	-13
	30 kHz 

	0.1 MHz ( (f < 2ENBW + 10
	0.15 MHz ( f_offset < 2ENBW + 9.95 MHz 
	-13
	100 kHz 

	
	
	
	

	NOTE 1:
ENBW is the aggregated bandwidth  of an E-UTRA sub-block and an adjacent NR sub-block; there is no frequency separation between the said sub-blocks. The sub-block bandwidths include any internal guard bands.


The ACLR is unchanged (the measurement filter shape is still missing, a rectangular filter is used for the simulations above)
For EN-DC operation with an E-UTRA sub-block immediately adjacent to an NR sub-block, the ACLR is defined as the ratio of the filtered mean power centred on the aggregated sub-block bandwidth ENBW to the filtered mean power centred on an adjacent bandwidth of the same size ENBW [at nominal channel spacing]. The UE shall meet the ACLR minimum requirement EN-DCACLR specified in Table 6.5B.2.1.3-1 with ENBW the sum of the sub-block bandwidths.

Table 6.5B.2.1.3-1: ACLR for intra-band EN-DC (contiguous sub-blocks)
	Parameter
	Unit
	Value

	EN-DCACLR
	dBc
	30

	Measurement bandwidth
	
	[0.95] ENBW

	Frequency offset of adjacent channel
	
	ENBW

/

-ENBW

	NOTE 1:
ENBW is the aggregated bandwidth in MHz of an E-UTRA sub-block and an adjacent NR sub-block; there is no frequency separation between the said sub-blocks. The sub-block bandwidths include any internal guard bands.

NOTE 2:
The frequency offset is that in between the centre frequencies of the measurement filters


This change would accommodate the concerns raised in Issue 1 and Issue 2 above (Band 29 coexistence and receiver desense are addressed below). 

Notwithstanding, the network may have the possibility to configure single-TX (TDM) in case any one of the PH reports indicate a power limitation that may be due to an A-MPR > 0 dB.
4 Power back-off for handling unequal PSD in the two CGs

The next issues, Issue 3 and Issue 4, concern the power control that is independent on the two CGs. Cositing of the CGs is assumed but the transmit PSD on the CGs can still be different on the two CG due to e.g. DL path loss estimates, transport formats and channel dispersion. Hence an equal PSD at all circumstances cannot be ensured even if the CG schedulers in the BS are fully coordinated. Different PSG levels should be manageable for a device supporting power sharing even if designed with a single PA for otherwise features like UL intra-band contiguous CA would not be feasible either. 

One of the concerns is the EVM on the two CGs when the PSD is different and the impact of in-band emissions using a single PA. Figure 4 shows a 5 + 5 MHz bandwidth configuration with 10 QPSK modulated RBs allocated on each carrier, but with a 6 dB lower PSD for the NR signal (the top carrier). The IQ imbalance assumed is 28 dB. The EVM measured is 3.9% on the LTE carrier and 7.2% on the weaker NR carrier subject to the modified mask, whereas the EVM is reduced to 2.7% on the LTE carrier and 5.6% on the NR carrier subject to the existing mask for which the power levels are lower. Comparing to the case with equal PSD in Figure 2, the EVM measured is 4.8% on both carriers subject to the modified mask, whereas the EVM is reduced to 3.1% on both carriers subject to the existing mask. This is well below the minimum performance requirement for QPSK. If the MCS on the two CGs are very different, the PSD difference may indeed be even larger and the UE not capabile of sustaining a sufficiently high SNR received at the BS. Then retransmissions or link adaptation may be required.
EVM measurements for higher-order modulated PRBs are shown in Figure 5; for a 64QAM modulated 10 RB allocation on each CG at equal PSD, the EVM is 4.8% on both carriers at 21.4 dBm output power (left) subject to the modified SEM. On the right-hand side of Figure 5 we show an example with unequal allocation and PSD: a 64QAM modulated single RB LTE and a 64QAM 10 RB NR transmission at 6 dB lower PSD. The resulting EVM is 5.4% on the NR carrier at lower PSD but a staggering 14% on the single PRB. Thus the EVM requirement (8.5%) is not met for the single-PRB, but the result may also be due to uncertain EVM measurements with few DMRS in combination with the channel filter impact at the edge of the carrier.
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Figure 4: output power for a 5 + 5 MHz EN-DC bandwidth configuration with 1 PRB allocation at different transmit PSD, the NR 6 dB lower.
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Figure 5: output power for a 5 + 5 MHz EN-DC bandwidth configuration with 64QAM modulated 10 PRB allocations on each CG (left) and for a 64QAM modulated 1 RB LTE and a 64QAM modulated 10 RB NR transmission at 6 dB lower PSD (right).

Another concern with unequal PSD is the A-MPR specification that normally assume the same PSD on all allocated PSD. However, using the modified mask the power backoff required is smaller, which makes a specification supporting different PSDs more straightforward. Indeed, comparing the power limits for the limited cases shown here in Figure 2 (equal PSD) and Figure 4 below, we observe that the required total backoff is similar (in fact slightly smaller with unequal PSD for this case). 
The above indicates that Issue 3 and Issue 4 should not be issues for devices supporting power management, and an A-MPR specification for the total power on both CGs that can accommodate unequal PSD appears feasible.

For Issue 5, devices not supporting power sharing might have to be implemented with two PAs, each power limited by the P_NR and P_LTE (see also section 2).

5 Protection of B29

Another case that may require large power back-off is the protection of Band 29. From Figure 3 we we note that the IM5 can fall close the the lower band edge of Band 29 (19 MHz from the upper edge of Band 71). This would require sufficient filter attenuation at 717 MHz under ETC, hence a design with temperature compensated SAW or FBAR/BAW echnology or a split-duplex architecture to avoid excessive power backoff.
6 RX desense

The receiver desensitization due to IMD should be specified as an additional test point of the REFSENS test case with MSD > 0 dB. A specification in terms of A-MPR would only cover specific allocations on the two carriers. In live operation the actual desensitization at the cell edge (assuming a low wanted DL power level) depends on the actual DL allocation in relation to the in-channel IM product and HARQ retransmissions are used.

7 Concluding remarks
The provisional results presented in this paper indicate that for intra-band contiguous EN-DC with dual UL operation
· a single set of requirement based on a single-PA reference architecture can be specified,
· the A-MPR specification can cover different PSD under the assumption that the CGs are co-located 
for a device supporting power sharing. This is facilitated if the SEM is modified such that the boundary between the OOBE and spurious emissions domain is in accordance with the ITU-R Rec. 1541 with the regulatory requirement -13 dBm/100kHz applied in the entire OOBE domain. This would have marginal impact on coexistence since the ACLR requirement is retained. 
Devices not supporting power sharing may have to be implemented with a dual-PA architecture.
The A-MPR should only cover the unwanted emissions requirements, receiver desense due to IMD should be specified as an allowed MSD for an additional REFSENS test point.

Notwithstanding, the network may have the possibility to configure TDM in case any one of the PH reports on the two CG indicate a power limitation that may be due to an A-MPR > 0 dB. However, this fallback need not be specified in the 38.101-3.
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