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Introduction
In RAN4#92, the different issues facing a UE when partial LBT transmission would be required was discussed in [1]. At the time, it was unclear how RAN1 “alternatives” and RAN4 “modes” were related. In [2] a further clarification on modes and alternatives is provided and in particular, UL cases are addressed. In this contribution we further map the different cases to the actual UE capabilities or issues and make proposals for UE minimum requirement and optional capabilities.
Discussion
The following definition from [2] for modes and alternatives is provided below to discuss the related issues that may faced by the UE in UL.

Mode 1: 	BS/UE transmits if CCA is successful at BS/UE in all LBT sub-bands within in the single wideband 			carrier.
			No adaptation dependent on CCA as all LBT sub-bands within the wideband carrier (BWP) are 				active.
Specific for UL:
Note that only a contiguous subset of the LBT sub-bands can be scheduled by the gNb in UL.
 
Mode 2: 	BS/UE transmits only in the block of contiguous LBT sub-bands if one or more of the LBT sub-bands 			within	the single wideband carrier fails CCA.
			Adaptation to one LBT sub-block (contiguous subset of the LBT sub-bands) within the wideband 				carrier	(BWP) either	dependent on scheduling or CCA outcome.
			Specific for UL: 
Alt 1a:	UE does not transmit scheduled PUSCH unless all LBT sub-bands within a contiguous LBT sub-block of scheduled PUSCH pass CCA and are symmetrical around the carrier frequency.
Alt 1b:	UE does not transmit scheduled PUSCH unless all LBT sub-bands within a contiguous LBT sub-block of scheduled PUSCH pass CCA and are not symmetrical around the carrier frequency.
Alt 2a:	UE transmit scheduled PUSCH on all LBT sub-bands within the sub-block of scheduled PUSCH which passes CCA and are contiguous and symmetrical around the carrier frequency.
Alt 2a:	UE transmit scheduled PUSCH on all LBT sub-bands within the sub-block of scheduled PUSCH which passes CCA and are contiguous but not symmetrical around carrier frequency. 
Mode 3: 	BS/UE transmits in all of the successful LBT sub-bands, even if one or more of the LBT sub-bands within the single wideband carrier or scheduled PUSCH fails CCA.
			Adaptation to multiple active LBT sub-bands/blocks within the wideband carrier (BWP) either 					dependent on scheduling or CCA outcome.
UE UL Behavior in Relation to Modes and Alternatives
Mode 1
The UE UL is scheduled with all BWPs and only transmits if all LBT sub-bands are successful: it is equivalent to a single CC operation from UE point of view:
· The UE does need to reconfigure its BB
· There is no carrier or image leakage issue
· There is no significant back-off required to support non-contiguous transmissions
· This should be the UE UL mandatory capability for Release 16 NR-U
Mode 2 Alt 1a:
UE UL is scheduled with full or partial BWPs which are contiguous and symmetrical and only transmits if all LBT sub-bands are successful:
· The UE does not need to reconfigure its BB
· There is no carrier or image leakage issue
· There is no significant back-off required to support non-contiguous transmissions
· This should be the UE UL mandatory capability for Release 16 NR-U
Mode 2 Alt 1b:
UE UL is scheduled with full or partial BWPs which are contiguous but may not be symmetrical and only transmits if all LBT sub-bands are successful:
· The UE does not need to reconfigure its BB
· There is potential carrier or image leakage issue
· There is no significant back-off required to support non-contiguous transmissions
· This could be a mandatory UE capability for Release 16 NR-U if adopted mask accommodates carrier and image leakage
· This could be an optional UE UL capability for Release 16 NR-U if adopted mask does not accommodates carrier and image leakage and based on UE with better rejection
Mode 2 Alt 2a:
UE UL is scheduled with full or partial BWPs which are contiguous and symmetrical and only transmits one contiguous cluster of LBT successful BWPs that are symmetrical: 
· The UE needs to reconfigure its BB but has a limited number of cases to prepare
· There is no carrier or image leakage issue
· There is no significant back-off required to support non-contiguous transmissions
· This could be an optional UE UL capability for Release 16 NR-U

Mode 2 Alt 2b:
UE UL is scheduled with full or partial BWPs which are contiguous but may not be symmetrical and only transmits one contiguous cluster of LBT successful BWPs that may not be symmetrical:
· The UE needs to reconfigure its BB but has a limited number of cases to prepare
· There is potential carrier or image leakage issue
· There is no significant back-off required to support non-contiguous transmissions
· This could be an optional UE UL capability for Release 16 NR-U depending on better UE image capability or adopted mask that accommodates carrier and image leakage
Mode 3:
UE UL is scheduled with full or partial BWPs which may be non-contiguous and not symmetrical and transmits any LBT successful BWPs:
· The UE needs to reconfigure its BB but has a limited number of cases to prepare
· There is potential carrier or image leakage issue
· There is significant back-off required to support non-contiguous transmissions
· This should not be a UE UL capability in Release 16 NR-U

UE UL Capability Support for Modes and Alternatives
Based on the above discussion and related UE issues in UL, we propose the following UE capabilities.

Proposal on UE UL capability:
· UE should have mandatory support for Mode1 and Mode 2 Alt1a
· Optional or mandatory support for Mode 2 Alt1b should be studied in Release 16 NR-U depending on adopted mask for partial LBT
· Mode 2 Alt 2a and Alt 2b should be studied and Release 16 requirements should not preclude introduction of such UE capability in later releases
· Mode 3 is not supported for UE in Release 16

The UE Conclusions
In this contribution, we examine the different modes and alternatives for wideband operation for NR-U UE UL behavior and make proposal for mandatory and optional UE capabilities.

Proposal on UE UL capability:
· UE should have mandatory support for Mode1 and Mode 2 Alt1a
· Optional or mandatory support for Mode 2 Alt1b should be studied in Release 16 NR-U depending on adopted mask for partial LBT
· Mode 2 Alt 2a and Alt 2b should be studied and Release 16 requirements should not preclude introduction of such UE capability in later releases
· Mode 3 is not supported for UE in Release 16
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