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Introduction
In RAN4#92b meeting, the UE support for wideband operation in Release 16 was clarified towards RAN1 in an LS [1] based on alternatives and modes that were defined in [3]. Separately, options for applicable emissions requirement for wideband operation were reduced to three in the way forward [2] where the main variation is related to the acceptable level in unsuccessful LBT sub-bands (BWPs). In this contribution, we further discuss the fact that UEs cannot fulfill a -28 dBr limit for BWPs with unsuccessful in LBT that are subject to image leakage.
Discussion
In [1], it was clarified that RAN4 priority on the UL side is to support Alt. 1 (UL transmission only if all scheduled BWPs pass LBT) and when the scheduled BWPs are contiguous. Here we continue here the discussion from [4, 5, 6], restricting to the cases agreed above (for four BWPs 10 cases out of 16 are valid) and providing technical evidence that UE cannot fulfill a -28 dBr limit BWPs with unsuccessful in LBT that are subject to image leakage using default NR UE assumptions. Even with improved UE capability image would still be critical and result in significant back-off.
Image and ACLR Issues in Wideband Operation
In Figure 1, we provide a graphical illustration of potential issues with carrier and image leakage and spectral regrowth due to PA non linearity for a wideband operation in 80 MHz and four BWPs. In particular, we show the critical cases where spectral regrowth and image leakage overlap. The illustration is for UE with default NR carrier and image capability and spectral regrowth at the mask limit which should be the case at maximum power and limited MPR. Figure 1a covers cases with no issue as the carrier and image are hidden within the transmitted BWPs while Figure 1b focusses on the critical cases. Note that the analysis is still optimistic in the fact that no contribution from spectral regrowth is assumed beyond first adjacent bandwidth which obviously not the case in real implementations.
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Figure 1a: Four BWP cases without image or carrier leakage issue
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Figure 1b: Four BWP cases with image or carrier leakage issue
First, we must look at the different cases and associated opportunities to transmit depending on UE issues and capability. All the cases for 80 MHz wideband operation and four bandwidth parts are in Table 1.
Table 1: Cases for four BWPs
	LBT
	support issue
	Figure

	0000
	no scheduling
	na

	0001
	carrier and image issue
	1b top

	0010
	carrier and image issue, overlap with ACLR
	1b 2nd from top

	0011
	carrier and image issue, overlap with ACLR
	1b 3rd from top

	0100
	carrier and image issue, overlap with ACLR
	1b 2nd from top

	0101
	not supported by UE(non-contiguous)
	na

	0110
	carrier and image hidden in transmitted BWPs
	1a top

	0111
	image issue only, overlap with ACLR
	1b bottom

	1000
	carrier and image issue
	1b top

	1001
	not supported by UE(non-contiguous)
	na

	1010
	not supported by UE(non-contiguous)
	na

	1011
	not supported by UE(non-contiguous)
	na

	1100
	carrier and image issue, overlap with ACLR
	1b 3rd from top

	1101
	not supported by UE(non-contiguous)
	na

	1110
	image issue only, overlap with ACLR
	1b bottom

	1111
	carrier and image hidden in transmitted BWPs
	1a bottom



From this we can observe:
· One case has no UL transmission scheduled
· In 5/16 cases UL transmission is not supported as no BWP is scheduled
· In only 2/16 cases UL transmission is exempt of carrier or image issue
· In 2/16 cases UL transmission is exempt of carrier issue but has image issue overlapping with ACLR
· In 2/16 cases UL transmission has carrier and image issue but not overlapping with ACLR
· In 4/16 cases UL transmission has carrier and image issue overlapping with ACLR 
Observation 1:
· With contiguous UL restriction, only 10 out of 16 cases allow UL transmission
· If carrier and image issues are not accommodated only 2 out of 16 cases can be scheduled for UL transmission
· Unless carrier and image overlapping with ACLR are accommodated in the specification, wideband operation benefits are questionable in UL  
Emission Level to Accommodate Image Overlap with ACLR
Assuming baseline NR UE capability of 28 dBc carrier and image rejection and a 27/30 dBc ACLR requirement for PC5/3 UEs respectively, Table 2 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 2: Combined effect of ACLR and Image
	Image [dBc]
	-28
	-30
	-32
	-35
	-40
	Min MPR [dB]

	ACLR [dBc]
	Combined power [dBc]
	PC5
	PC3

	-27
	-24.5
	-25.2
	-25.8
	-26.4
	-26.8
	1
	na

	-30
	-25.9
	-27.0
	-27.9
	-28.8
	-29.6
	2
	1

	-33
	-26.8
	-28.2
	-29.5
	-30.9
	-32.2
	3
	2

	-36
	-27.4
	-29.0
	-30.5
	-32.5
	-34.5
	4
	3

	-40
	-27.7
	-29.6
	-31.4
	-33.8
	-37.0
	5
	4

	-45
	-27.9
	-29.9
	-31.8
	-34.6
	-38.8
	5
	4



First, we would like to discuss that even in the 0001 and 1000 cases where image is not overlapping with adjacent channel, -28 dBr is not sufficient as:
· Residual spectral regrowth will still add
· dBr which is based on peak hold is more constraining than dBc which is based on ratio of band power markers
As can be seen from Table 2, for PC5 UE:
· Even for 40dBc image rejection -28 dBr cannot be obtained without some MPR
· For the default 28 dBc image rejection, even with 45dBc ACLR with requires significant MPR, -28dBr cannot be obtained
· Even with the suggested -25 dBr relaxation better than the default image rejection and/or ACLR will be needed
For PC3 UE:
· At least 35 dBc image rejection (this is what is required for UL 256 QAM support) is required to avoid additional MPR
· For the default 28 dBc image rejection, even with 45dBc ACLR with requires significant MPR, -28dBr cannot be obtained
· The suggested -25 dBr relaxation would work with default image rejection and ACLR
For BS which cannot reconfigure their RF, assuming 35 dBC ACLR, at least 30dBc image rejection is needed

Observation 2:
· -28 dBr is not sufficient to cover -28 dBc image rejection without ACLR overlap
· Even with -25 dBr floor PC5 UE is marginal when image overlaps with ACLR
· PC3 UE would also require -25 dBr floor when image overlaps with ACLR
Emission Level to Accommodate Carrier Leakage
It has already been discussed that exception to the punctured mask is needed to accommodate carrier leakage. Since this spur has fairly negligible impact to wideband systems like Wi-Fi, LAA and NR-U we do not believe it is necessary to have a very strict requirement and the simplest solution, would be to allow a single exception within 1 MHz at an absolute level. For a PC3, UE the absolute level would be -3 dBm/MHz (max 25 dBm with 28 dBc) and the same level could be reused for PC5 or reduced by 3 dB.
Proposal for UE Punctured Mask
Given the above discussion, to accommodate UEs with default NR capability, the design of the mask should account for:
· Carrier leakage
· Image leakage
· Image leakage and ACLR overlap
Proposal for NR-U punctured mask design for the UL:
· One exception in 1 MHz of up to -3 dBm is allowed to account for carrier leakage (if needed to separate, -3 dBm for PC3, -6 dBm for PC5)
· Exception to -27 dBr floor for bandwidth parts where only image leakage is present and not overlapping with any first adjacent channel
· Exception to -25 dBr floor for bandwidth parts where only image leakage is present and overlapping with any first adjacent channel
Conclusions
In this contribution, we discuss the issues for UL wideband operation related to UE image and carrier leakage and in particular, we focus on the cases where image overlaps with ACLR region. This allows us to make the following proposals to guide the design of the NR-U UL punctured mask.

Proposal for NR-U punctured mask design for the UL:
· One exception in 1 MHz of up to -3 dBm is allowed to account for carrier leakage (if needed to separate, -3 dBm for PC3, -6 dBm for PC5)
· Exception to -27 dBr floor for bandwidth parts where only image leakage is present and not overlapping with any first adjacent channel
· Exception to -25 dBr floor for bandwidth parts where only image leakage is present and overlapping with any first adjacent channel

This proposal is based on following observations

Observation 1:
· With contiguous UL restriction only 10 out of 16 cases allow UL transmission
· If carrier and image issues are not accommodated only 2 out of 16 cases can be scheduled for UL transmission
· Unless carrier and image overlapping with ACLR are accommodated in the specification, wideband operation benefits are questionable in UL
Observation 2:
· -28 dBr is not sufficient to cover -28 dBc image rejection without ACLR overlap
· Even with -25 dBr floor PC5 UE is marginal when image overlaps with ACLR
· PC3 UE would also require -25 dBr floor when image overlaps with ACLR
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