[bookmark: _GoBack]3GPP TSG-RAN WG4 #97-e	R4-2016438
Nov 2nd ‒ 13th, 2020
Electronic Meeting


Agenda item:	7.1.1.2
Source: 	Qualcomm Incorporated
Title: 	Wideband capability for NR-U
Document for:	Discussion
Introduction
UE wideband capabilities for NR-U have not yet been agreed.  An LS exchange between RAN1 and RAN4 [1], [2] has taken place, but the capabilities have not yet been implemented by RAN2 pending confirmation from RAN4.  This contribution provides a RAN4 perspective on the need for capability bits associated with wideband operatoin for NR-U.
Discussion
RAN1 has indicated the following feature groups [3] for wideband operation in NR-U
	Index
	Feature Group
	Components

	10-19a
	DL wideband carrier operation mode 1
	Support of DL wideband carrier operation mode 1: single carrier wideband operation when LBT is successful in all LBT sub-bands of [BWP/carrier]

	10-19b
	DL wideband carrier operation mode 2
	Support of DL wideband carrier operation mode 2: single wideband carrier when LBT is successful in a subset of the LBT sub-bands which are contiguous

	10-19c
	DL wideband carrier operation mode 3
	Support of DL wideband carrier operation mode 3: single wideband carrier when LBT is successful in a subset of the LBT sub-bands which are non-contiguous

	10-19d
	UL wideband carrier operation mode 1
	Support of UL wideband carrier operation mode 1: UE transmits only if LBT passes for all LBT sub-bands of BWP

	10-19e
	UL wideband carrier operation mode 2A
	Support of UL wideband carrier operation mode 2A: UE transmits if LBT passes for single scheduled LBT sub-band

	10-19f
	UL wideband carrier operation mode 2B
	Support of UL wideband carrier operation mode 2B: UE transmits if LBT passes for scheduled multiple contiguous LBT sub-bands



The following note is also added:  These FGs 10-19a/b/c/d/e/f are examples on what RAN1 ask RAN2 to reserve capability bits in LS R1-2004965.
Downlink capability
In Rel-16 specifications, RAN4 has not defined UE ACS and blocking requirements within the wideband carrier.  Recevier requirements are defined in 38.101-1 “under the assumption that all 20 MHz sub-bands and all RB’s of each sub-band within the downlink channel are allocated with intra-cell guard bands configured to zero.” [4]  Therefore, RAN4 requirements only apply under downlink mode 1.  There are no requirements for mode 2 and mode 3 where some of the sub-bands within the channel contain transmissions from other systems.  
Since requirements are not defined for mode 2 and mode 3, there are two options for capability signaling.
Option 1.  Feature groups for downlink 10-19a, 10-19b, and 10-19c are not needed.
Mode 1 is the baseline operation and must be supported by all UE’s.  Therefore, feature group 10-19a is not needed since it can be assumed that all UE’s are capable of mode 1 operation.  Mode2 and mode 3 operation are not supported by the current version of the specifications.  Performance cannot be assured since requirements do not apply.  Therefore, feature groups 10-19b and 10-19c indicating UE capability of mode 2 and mode 3 are also not needed since indicating support of mode 2 and mode 3 is meaningless.
Option 2.  Feature groups for downlink 10-19b and 10-19c are added for forward compatibility.
Mode 1 is the baseline operation and must be supported by all UE’s.  Therefore, feature group 10-19a is not needed since it can be assumed that all UE’s are capable of mode 1 operation.  While the requirements for mode 2 and mode 3 are not yet defined, it is anticipated that these modes of operation are relevant and requirements will be defined in a future release of the specification.  Thus, the capabilities bits for mode 2 and mode 3 are added to facilitate forward compatibility.
Uplink capability
Contrary to the downlink, for the uplink there are partial requirements defined for operation when a subset of sub-bands within the channel are not transmitted.  In particular, the spectrum emission requirement for wideband operation does include an emission requirement for non-transmitted sub-bands within the channel.  The emission requirement is not assumed to be met by additional filtering, but rather by MPR.  However, in Rel-16 specifications RAN4 focused its effort on the scenario where LBT must pass on all scheduled sub-bands and all scheduled sub-bands are contiguous [5].  Therefore, MPR is only defined for contiguous sub-bands in Rel-16.  
With this understanding, then one can envision feature group definitions analogous to those for downlink.  In other words, feature groups could be used to distinguish UE’s capable of transmitting only when all contiguous scheduled LBT sub-bands pass (baseline), when a contiguous subset pass, or when a non-contiguous subset pass.  However, only the baseline is supported by Rel-16 specifications.  Therefore, the same two options for feature group definition as described for downlink can also apply to uplink.
However, RAN1 chose a different set of feature groups for the uplink.  The uplink mode 1, 2A, and 2B are not the same as downlink modes 1, 2, and 3.   Uplink mode 1 (FG 10-19d) indicates that the UE transmits only if all LBT sub-bands within the channel (RAN1 refers to BWP, but RAN4 only considers channels) are successful, regardless of whether the UE is scheduled for those sub-bands.  RAN4 has not considered the case where the UE performs LBT on sub-bands for which is it not scheduled for uplink.  Therefore, the feature group 10-19d is not relevant from a RAN4 perspective.
For modes 2A and 2B and their corresponding FG 10-19e and 10-19f, there is no restriction in RAN4 that the UE is only scheduled for a single LBT sub-band.  The understanding in RAN4 for Rel-16 is that the UE may be scheduled for one or more contiguous uplink sub-bands and must pass LBT on all of them before any uplink transmission will occur.  Therefore, mode 2A is unnecessarily restrictive while mode 2B is the common assumption when deriving general requirements that all UE’s should adhere to.  Thus, feature groups 10-19e and 10-19f are also irrelevant from a RAN4 perspective.
Recommendation
The intention of feature groups is for the UE to indicate to the network its capability.  This indication is useful if the network can adjust its behavior accordingly.  For example, if a UE indicates support for feature A but not for feature B, the network is aware that it can only invoke feature A for this particular UE.  In the context of wideband operation for NR-U, one possible feature group is to indicate whether the UE is capable of operating with partial sub-bands, contiguous and non-contiguous, within the channel.  However, it is clear that RAN4 specifications for Rel-16 are only defined for the case where all sub-bands are received in the downlink and where all scheduled sub-bands in the uplink are contiguous and pass LBT.  There are no requirements for other conditions.  Therefore, defining a feature group for cases of partial sub-band DL or UL are not meaningful from a RAN4 perspective.  Since requirements are not defined, then the UE can only indicate “non-support” of the feature group.  In fact, if the UE were to indicate capability support without a tested requirement, it is unclear how the UE will behave possibly disrupting adjacent systems.  Moreover, if the UE indicates capability support, the network might not take action that it otherwise would.  For example, if the UE indicates that it is not capable of partial sub-band operation, the network could possibly locate a cleaner channel for that UE to operate on.  But if the UE indicates that it is capable, the network might not seek a cleaner channel instead relying on the capability of the UE to operate in a channel partially occupied by another system.  The possible reason to define the feature group is from a RAN1 perspective for forward compatibility.  However, it is our recommendation that the feature group does not need to be defined until RAN4 requirements are available for the feature since forward compatibility is not broken in the absence of FG’s 10-19a/b/c/d/e/f being defined today.
Proposal:  From a RAN4 perspective, none of the feature groups is needed for Rel-16 since requirements are not available or the feature group is already part of the baseline assumption that all UE’s are expected to support.
Conclusion
Wideband operation for NR-U in the downlink and uplink are discussed with respect to the feature groups identified by RAN1.  RAN4 requirements for Rel-16 only cover a limited set of LBT configurations; namely, they mostly cover the homogeneous case where an entire channel is available rather than only a subset of sub-bands within the channel.  Therefore, having feature group capability bits for other modes of operation is not necessary from a RAN4 perspective.  In fact, having feature group capability bits for unspecified (no requirements) modes of operation can even be dangerous from coexistence as well as UE performance in the network.  Other capability bits relate to common assumptions taken in RAN4 for general requirements that all NR-U UE’s are expected to meet.  Therefore, it is recommended that feature group capability bits for wideband operation of NR-U are not necessary in Rel-16.
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