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Introduction
In RAN4#91, UE LBT behavior in wideband operation was discussed in terms of MPR depending on transmission of contiguous and non-contiguous BWP. In this contribution, we further discuss UE implementation challenges related to different LBT rules and propose to study associated capabilities. 
Discussion
Types of BWP Transmissions Supported
In [1], the PA linearity requirements related to the support of the transmission of contiguous or non-contiguous BWP in NR-U wideband operation for the UE were studied and concluded that it should be feasible to support cases where the best lowest contiguous successful LBT BWPs would be transmitted. This allowed a lot more successful transmissions than a default operation where UL transmissions would only occur if all BWP had successful LBT.

When this was proposed we were pointed at the fact that there would potentially be an issue in the BB being able to reconfigure IQs for the BWP to be transmitted. Due to the fact that only a few us are available between the clear channel assessment and UL transmission, this is probably right and there would be no other choice than preparing all possible cases in advance.

Separately, in offline discussions we also found that depending on the transmission scenario, there could be an issue with the image or carrier leakage of the transmitted BWP falling into a non-successful BWP. For instance, in a four BWP example, if only the first BWP is to be transmitted, the carrier leakage and the image would fall into non-successful LBTs and fail the mask as described in Figure 1.
[image: ]
Figure 1: Potential LO and Image leakage issue in case of non-symmetrical successful LBT

Unless very good image rejection is achieved the ETSI or 802.11ax mask could be failed at 28dBc image rejection. The LO leakage may be further discussed and exceptions made since it is a narrow band interference and may be handled at system level (for both NR and non-3GPP technologies) and an exception created. 

Still, one could see a couple possibilities to solve the image issue: 
· Lower image level which can be achieved in state of the art designs especially if high order modulation like 256QAM is to be supported in UL and assuming that power control dynamic range may not be as stringent for NRU than for baseline NR
· Transmission on symmetric cases only

If we assume that the baseline assumption is that UEs have a single BB IQ prepared and image level of the baseline NR, the default LBT operation can only be to transmit only if all BWP have passed LBT and thus more or less comes back to a single carrier operation but with lower SU.

Observation: Due to limited turn over time for BB reconfiguration and RF image limitations default wideband LBT operation can only support transmission if all LBTs are successful which would be less efficient than single CC operation due to lower SU related to in-band guard-bands.
Option for Better Wideband LBT Operation 
Since the default operation results in UE wideband UL operation being less efficient than single wide CC operation, it is worth looking into further options depending on possible optional UE capability:
· UE capability to prepare BB signals for multiple LBT scenarios in advance ( number of different TTIs to be prepared)
· Find solutions to the image issue
Combined with different LBT rules:
· Default: transmission only if all BWP LBTs are successful
· Transmission of only lowest frequency best contiguous and symmetrical versus LO successful LBT BWPs
· Transmission of all lowest frequency best contiguous successful LBT BWPs
· Transmission of all successful LBT BWPs

In Table 2, we look at all these different options for a case with four BWPs (80MHz wideband operation with  four 20 MHz BWPs) and derive the number of TTI the BB needs to prepare in advance and whether the RF has a baseline performance or requires solution to image leakage and non-contiguous BWP transmission.

Table 2: Different LBT rules and UE capabilities scenarios for four BWPs
	LBT operation
	default: only if no LBT failed
	Only best contiguous symmetric BWP
	All best contiguous BWP
	All BWP

	Successful LBT vs 4 BWP
	TTI
	TTI
	Sym.
	TTI
	TTI

	0000
	no
	no
	no
	no
	no

	0001
	no
	1
	no
	1
	0001

	0010
	no
	1
	no
	1
	0010

	0011
	no
	11
	no
	11
	0011

	0100
	no
	1
	no
	1
	0100

	0101
	no
	1
	no
	1
	0101

	0110
	no
	11
	yes
	11
	0110

	0111
	no
	11
	yes
	111
	0111

	1000
	no
	1
	no
	1
	1000

	1001
	no
	1
	no
	1
	1001

	1010
	no
	1
	no
	1
	1010

	1011
	no
	11
	no
	11
	1011

	1100
	no
	11
	no
	11
	1100

	1101
	no
	11
	no
	11
	1101

	1110
	no
	11
	yes
	111
	1110

	1111
	1111
	1111
	yes
	1111
	1111

	Cases transmitted
	1/16
	4/16
	15/16
	16/15

	Cases with all BWPs
	1/15
	2/15
	10/15
	15/15

	NB of BB TTI to prepare
	1
	2
	4
	15

	RF limitation 
	Baseline
	Baseline
	image (and carrier) needs solution
	Image (and carrier) needs solution, high MPR for non-contiguous cases

	UE capability
	Default
	FFS
	FFS
	No BS level



Observation: It can be seen that there is an increasing capability needed for the BB and RF depending on the LBT rule. It is clear that the last column is probably not compatible with BB and RF capability for the UE but the two cases where contiguous BWPs are transmitted are worth studying. 

Proposal: UE RF and BB aspects to support wideband UL operation where contiguous successful LBT BWPs are transmitted is further studied in Release 16 with associated optional capabilities.
Conclusions
In this contribution, we discussed UE BB and RF limitations that would arise from supporting UL transmission for partially successful LBTs in wideband operation. The benefit of defining further BB and RF UE capabilities were reviewed and the following was concluded.

Observation: Due to limited turn over time for BB reconfiguration and RF image limitations default wideband LBT operation can only support transmission if all LBTs are successful which would be less efficient than single CC operation due to lower SU related to in-band guard-bands.

Proposal: UE RF and BB aspects to support wideband UL operation where contiguous successful LBT BWPs are transmitted is further studied in Release 16 with associated optional capabilities.
References
[bookmark: _GoBack][1]	R4-1906026,	[NR-U] LBT wideband operation in UL, Skyworks Solutions Inc., RAN4#91
3GPP
image1.png
BWP2 BWP3 BWP4

BWP1

n

LBT Failed?

LO

leakage

\

A

Emission
mask





