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Introduction
In RAN4#92 meeting, we discussed in [1, 2] the issue arising from image falling into the in-gap ACLR for intra-band non-contiguous 2UL CCs for both EN-DC and NR UL CA when the two CCs are transmitted within a single transmit path (1PA). For Release 16, NR non-contiguous intra-ban 2UL CA is one of the new feature that has been agreed to be supported with single PA. In this contribution we make proposals on how to handle this issue for NR UL CA that is also applicable to intra-band EN-DC when supported by a single transmit path (1PA).
Discussion
In [1, 2], we already discussed this issue and explained that it was ignored in LTE intra-band non-contiguous UL CA (no in-gap ACLR and only CA_4A_4A case) and not noticed for intra-band EN-DC as so far only 2PA configuration have been evaluated. Note that DC_3_n3 1PA implementation is still in scope for Release 16. 
Image Issue for Intra-band Non-contiguous UL CA
In Figure 1 we provide a graphical illustration of potential issues with image leakage and spectral regrowth due to PA non linearity for non-contiguous UL CA operation with:
· 80 MHz total bandwidth: 40 MHz CC1 at 100RB, 20 MHz CC2 at 1RB and a 20 MHz gap
· Equal PSD power share between the two CCs, thus almost all the power is in CC1
· 100RB in CC1 is positioned such that its image falls entirely within the in-gap ACLR measurement BW and overlaps with its spectral regrowth
· The illustration is for UE with default NR carrier and image capability of 28 dBc
· UE at max power (23 dBm) and 30 dBc ACLR
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Figure 1: Illustration of in gap ACLR issue
Assuming baseline NR UE capability of 28 dBc carrier and image rejection and a 30 dBc ACLR requirement for PC3, Table 1 shows the cumulative effect of different ACLR levels (which may be improved with MPR) and image rejection levels (which cannot be improved with MPR).
Table 1: Combined effect of ACLR and Image
	Image [dBc]
	-28
	-30
	-32
	-35
	-40

	ACLR [dBc]
	Combined power [dBc]

	-30
	-25.9
	-27.0
	-27.9
	-28.8
	-29.6

	-33
	-26.8
	-28.2
	-29.5
	-30.9
	-32.2

	-36
	-27.4
	-29.0
	-30.5
	-32.5
	-34.5

	-40
	-27.7
	-29.6
	-31.4
	-33.8
	-37.0

	-45
	-27.9
	-29.9
	-31.8
	-34.6
	-38.8



Observation:
· In this configuration it is impossible to meet an in-gap ACLR of 30 dBc with -28 dBc image rejection, whatever the MPR.
· Even with the extra MPR needed to solve IMD issues in this 2UL configuration, a least 35 dBc image rejection is needed to achieve 30 dBC ACLR overall (this is the level needed for 256QAM support)
· Both ACLR and Image need significant improvement versus baseline NR specification to meet 30 dBc ACLR, this is needed even if 27 dBc ACLR is used
Proposal for in-gap ACLR
Given the above discussion, to accommodate UEs with default NR capability of 28dBc image rejection, the following alternatives were discussed in [1]:
· Alternative 1: Ignore ACLR in gap
· Alternative 2: Assume UL 256QAM support and rely on 35 dBc image rejection
· Alternative 3: Relax in-gap ACLR requirement (to 27 dB for example as similar to 2UEs behavior)
While in [2] the following was suggested: Due to issues with image rejection in the single transmitter case, it is suggested to ignore ALCR in the gap or to re-evaluate image rejection or ACLR requirement.

Since this problem is related to specific configurations, we believe the most reasonable way is to relax the in-gap ACLR requirement to 27 dBc with side conditions on transmit path implementation and power sharing between the 2CCs. 

In Table 2, we calculate the image impact for different power difference between CC1 and CC2 for baseline image rejection and ACLR. In Table 3, we account for the fact that MPR will be needed anyhow for the IMD products falling outside the transmission bandwidth, thus linearity contribution is lower (33 dBc versus 30 dBc).

Table 2: ACLR due to image and non-linearity versus power sharing for baseline performance
	Ptot [dBm]
	23
	image rejection [dBc]
	28
	ACLR [dBc]
	30

	Pdiff [dB]
	PCC1 [dBm]
	PCC2 [dBm]
	Ptot [dBm]
	Pimage [dBm]
	Non linearity [dBm]
	In-gap power [dBm]
	ACLR [dBm]

	-10
	12.6
	22.6
	23
	-15.4
	-17.4
	-13.3
	-36.3

	-6
	16
	22.04
	23
	-11.96
	-13.96
	-9.8
	-32.8

	-3
	18.3
	21.25
	23
	-9.75
	-11.75
	-7.6
	-30.6

	0
	20
	20
	23
	-8
	-10
	-5.9
	-28.9

	3
	21.3
	18.25
	23
	-6.75
	-8.75
	-4.6
	-27.6

	6
	22
	16.04
	23
	-5.96
	-7.96
	-3.8
	-26.8

	10
	22.6
	12.6
	23
	-5.4
	-7.4
	-3.3
	-26.3

	20
	23
	2.97
	23
	-5.03
	-7.03
	-2.9
	-25.9



Table 3: ACLR due to image and non-linearity versus power sharing 
	Ptot [dBm]
	23
	image rejection [dBc]
	28
	ACLR [dBc]
	34

	Pdiff [dB]
	PCC1 [dBm]
	PCC2 [dBm]
	Ptot [dBm]
	Pimage [dBm]
	Non linearity [dBm]
	In-gap power [dBm]
	ACLR [dBm]

	-10
	12.6
	22.6
	23
	-15.4
	-21.4
	-14.4
	-37.4

	-6
	16
	22.04
	23
	-11.96
	-17.96
	-11
	-34

	-3
	18.3
	21.25
	23
	-9.75
	-15.75
	-8.8
	-31.8

	0
	20
	20
	23
	-8
	-14
	-7
	-30

	3
	21.3
	18.25
	23
	-6.75
	-12.75
	-5.8
	-28.8

	6
	22
	16.04
	23
	-5.96
	-11.96
	-5
	-28

	10
	22.6
	12.6
	23
	-5.4
	-11.4
	-4.4
	-27.4

	20
	23
	2.97
	23
	-5.03
	-11.03
	-4.1
	-27.1



Observation:
· For baseline ACLR (Table 2): ACLR relaxation is needed as soon as the CC with image falling in-gap is equal or higher power than the other CC
· For improved ACLR due to MPR (Table 3): ACLR relaxation is needed as soon as the CC with image falling in-gap is 3dB higher power than the other CC

Accounting for the above observations and acknowledging that MPR will reduce the contribution from non-linearity, we propose a relaxed ACLR for PC3 UEs with side conditions on power sharing and implementation.

Proposal 1 for NR PC3 intra-band non-contiguous 2 UL CA in-gap ACLR:
· In-gap ACLR is relaxed to 27 dBc when power of the CC with image falling in gap is higher than the other CC
· This relaxation to 27 dBc ACLR is not applicable to UEs signaling support with 2PA which are still required to meet 30 dBc ACLR

The same issue applies in intra-band non-contiguous DC configurations (EN and NE) and is anyhow more likely since the equal PSD assumption does not hold due to power sharing, we make a similar proposal.

Proposal 2 for intra-band non-contiguous EN-DC and NE-DC:
· In-gap ACLR is relaxed to 27 dBc when power of the CC with image falling in gap is higher than the other CC
· This relaxation to 27 dBc ACLR is not applicable to UEs signaling support with 2PA which are still required to meet 30 dBc ACLR for PC3 and 31 dBc ACLR for PC2

Conclusions
In this contribution, we discuss the in-gap ACLR issues related to UE image for certain configurations of NR intra-band UL CA. We propose an ACLR relaxation for this cases with side conditions.

Proposal 1 for NR PC3 intra-band non-contiguous 2 UL CA in-gap ACLR:
· In-gap ACLR is relaxed to 27 dBc when power of the CC with image falling in gap is higher than the other CC
· This relaxation to 27 dBc ACLR is not applicable to UEs signaling support with 2PA which are still required to meet 30 dBc ACLR

The same issue applies in intra-band non-contiguous DC configurations (EN and NE) and is anyhow more likely since the equal PSD assumption does not hold due to power sharing, we make a similar proposal.

Proposal 2 for intra-band non-contiguous EN-DC and NE-DC:
· In-gap ACLR is relaxed to 27 dBc when power of the CC with image falling in gap is higher than the other CC
· [bookmark: _GoBack]This relaxation to 27 dBc ACLR is not applicable to UEs signaling support with 2PA which are still required to meet 30 dBc ACLR for PC3 and 31 dBc ACLR for PC2
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