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1. Introduction
During the RAN4#92 meeting held in Ljubljana it was commented that there could be some ambiguity to the understanding of the LBT modes used by RAN4 for separating discussions of different transmission scenarios. This is captured in the ad-hoc meeting minutes seen below.  

RAN4#92 NR-U ad-hoc meeting minutes [R4-1910533]:
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In this contribution, we present our understanding of the LBT transmission modes defined by RAN4 and the applicability in different scenarios.

2. Discussion

From the tentative agreement marked green in the NR-U RAN4#92 meeting minutes it is seen that the main discussion point is on if the sub-bands must be contiguous or could be non-contiguously in UL.

For reference the RAN1 and RAN4 definitions have been listed hereafter:  

RAN1 Definition [R1-1905895] (Applicable only to UL)

Alt. 1: 

UE transmits the PUSCH only if CCA is successful at UE in all LBT bandwidths of the scheduled PUSCH.

Alt. 2:

UE transmits the PUSCH in all or a subset of LBT bandwidths of the scheduled PUSCH for which CCA is


successful at the UE.


Note: LBT bandwidths is equivalent to LBT sub-bands.

Observation 1: 
The RAN prioritization (RP-191581) of Alt 1 (all-or-nothing) is only applicable for UL operation.
RAN4 Definition [R4-1905206] (Applicable to both UL and DL)

Mode 1: 
Single wideband carrier when LBT is successful in all LBT sub-bands.

Mode 2: 
Single wideband carrier when LBT is successful in a subset of the LBT sub-bands which are contiguous.

Mode 3: 
Single wideband carrier when LBT is not successful in one of the LBT sub-bands inside the wideband 




carrier.


Note: LBT is equivalent to CCA.

Observation 2: 
The three LBT transmission modes defined by RAN4 is applicable for both UL and DL.
It can be noted that the main difference between the RAN1 and RAN4 definition is the notion of the LBT sub-band being scheduled or not. This means that for UL, Alt. 1 is equivalent to mode 1 only if the UE is scheduled for all of the LBT sub-bands or mode 2 if the UE is only scheduled for the LBT sub-bands which passes CCA at the UE. Alt. 2 is equivalent to either mode 2 or 3, dependent on the failed scheduled LBT sub-band being either on the edge or between of the ones which passes CCA at the UE.   

Observation 3: 
RAN1 alt. 1 and 2 is not directly comparable to RAN4 Mode 1, 3 or 3.

Due to the difference between RAN1 and RAN4 terminology it is proposed that: 

Proposal 1: 
The RAN4 LBT transmission mode definition for wideband operation is expanded to the following:
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The three modes have been illustrated in Figure 1-3 where LBT sub-bands cleared for transmission are marked in green. 
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Figure 1 - Mode 1 LBT transmission mode for an 80 MHz CBW wideband carrier.
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Figure 2 - Mode 2 LBT transmission mode for an 80 MHz CBW wideband carrier.
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Figure 3 - Mode 3 LBT transmission mode for an 80 MHz CBW wideband carrier.

The prioritization of Alt. 1 means that all of the scheduled LBT sub-bands has to pass CCA at the UE before transmission. As a scheduled PUSCH can not be non-contiguous and all of the LBT sub-bands herein has to pass CCA it means the LBT sub-bands also has to be contiguous. Hence the RAN1 prioritization de facto states that only contiguously LBT sub-band transmission is considered.       

Observation 4: 
There is no intention from RAN1 to schedule non-contiguously allocated LBT sub-bands for UL with alt. 1.

It can be noted that the existence of intra-carrier guard PRBs between LBT sub-bands not are considered to make the two adjacent LBT sub-bands non-contiguous. This as these PRBs are contained by the PUSCH scheduling and only left unused/blanked.  
3. Conclusion

In this contribution we presented our understanding of the LBT transmission modes and the implication of the RAN1 prioritization of Alt. 1 for UL.
Observation 1: 
The RAN prioritization (RP-191581) of Alt 1 (all-or-nothing) is only applicable for UL operation.
Observation 2: 
The three LBT transmission modes defined by RAN4 is applicable for both UL and DL.
Observation 3: 
RAN1 alt. 1 and 2 is not directly comparable to RAN4 Mode 1, 3 or 3.

Proposal 1: 
The RAN4 LBT transmission mode definition for wideband operation is expanded to the following:
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Observation 4: 
There is no intention from RAN1 to schedule non-contiguously located LBT sub-bands for UL with alt. 1.

4. Appendix
RAN1 on DL (R4-1900014/ R1-1901460):
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RAN1 on UL (R1-1905895 / R4-1905309):
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From RP-191581, “Prioritize Alt 1 (all-or-nothing) for UL operation”


From R1-1905895, “Alt. 1: UE transmits the PUSCH only if CCA is successful at UE in all LBT bandwidths of the scheduled PUSCH.”


From R4-1905206,


Modes of single wideband carrier operation: 


Single wideband carrier when LBT is successful in all LBT sub-bands


Single wideband carrier when LBT is successful in a subset of the LBT sub-bands which are contiguous  


Single wideband carrier when LBT is not successful in one of the LBT sub-bands inside the wideband carrier





The RAN plenary prioritization is regarding “alternatives” with respect to transmission of scheduled LBT sub-bands.  It does not refer to whether they are contiguous or non-contiguous.  On the other hand, “modes” of operation refer to whether successful LBT sub-bands are contiguous or not.


Agreement:  The RAN1 prioritization guidance does not address whether transmitted sub-bands are contiguous or non-contiguous.   (Needs checking … see note from Charter below)


Non-contiguous transmission is still a possibility if they were all scheduled and all pass LBT.


Non-contiguous transmission resulting from a scheduling assignment that was contiguous but where a middle sub-band did not pass LBT is not prioritized.


Non-contiguous transmissions will be impacted by emission mask requirements and RF performance such as LO and IQ image.





Charter (offline comment):  The RAN1 prioritization guidance addresses sub-bands contiguous transmission for alt 1 in UL operation and does not addresses sub -bands transmission when they are non-contiguous.








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 BS 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 2b:	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.








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 BS 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.








Agreement:


For wideband operation in DL with a single serving cell operation within a carrier with bandwidth larger than 20 MHz


Multiple BWPs can be configured, single BWP activated, gNB may transmit PDSCH on parts or whole of single active BWP where CCA is successful at gNB (i.e., option 2 and 3 from previous agreement)


	FFS: Restrictions on supportable gaps and combinations of gaps between discontinuous blocks where:


	each block spans contiguous (one or) multiple successful LBT sub-bands


	each gap spans one or multiple contiguous unsuccessful LBT sub-bands


FFS: Transmission bandwidth adaptation delay, potentially different delay for e.g., different number of supported gaps, different transmission bandwidths and different positions of the LBT sub-bands where transmissions occur


FFS: Limit on the occupied LBT sub-bands due to regulation and coexistence considerations (not intended to imply that regulation and coexistence considerations will not be addressed)


FFS: Whether/how to indicate gNB’s transmitted LBT sub-bands


FFS: Enhancements to PDCCH/PDSCH configuration/transmission for the parts of BWP where gNB does not transmit due to CCA failure


Send LS to RAN4 to inform above decision with the description that RAN1 requires RAN4’s feedback on the first three FFS parts in addition to what was requested in earlier LSs.





Agreement:





Operation with multiple active BWPs for a carrier on unlicensed bands is not supported for DL or UL at least in Rel-16 NR-U WI.





Agreement:


For UL transmissions in a serving cell with carrier bandwidth greater than LBT bandwidth, for the case where UE performs CCA before UL transmission, support at least Alt. 1 among the following alternatives


Alt. 1: UE transmits the PUSCH only if CCA is successful at UE in all LBT bandwidths of the scheduled PUSCH.


Alt. 2: UE transmits the PUSCH in all or a subset of LBT bandwidths of the scheduled PUSCH for which CCA is successful at the UE. 


Decision on whether this alternative is supported will depend on feedback from RAN4


FFS on restrictions to the subset of LBT bandwidths, e.g., only contiguous LBT bandwidths allowed, based on feedback from RAN4


Necessity of guard bands within the scheduled PUSCH should be determined by RAN4


FFS: Whether this applies also to configured grant PUSCH


FFS: Whether this applies also to PUCCH
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