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RAN4 introduced FG4-1 [1] without providing a guidance on FG10-19a/b/c/d/e/f, which were reserved for signaling. This results in overlapping capabilities and thus should be clarified.
NR-U Feature Groups for wideband carrier operation
Although square brackets around FG10-19a/b/c/d/e/f were removed by RAN1 [2], RAN2 did not implement the capability bits for those FGs because RAN4 has ongoing LS exchange with RAN1. Therefore no capability bit has been reserved, although this was RAN1’s intention in LS to RAN2/RAN4.

	Index
	Feature group
	Components

	Prerequisite feature groups
	Consequence if the feature is not supported by the UE

	4-1
	Reception in intra-carrier guardband
	Capability of reception in the intra-cell guardband between contiguous subbands in DL wideband carrier operation mode 2 or mode 3 wider than 20MHz 
	[10-19b] or [10-19c]
	UE cannot receive in the guardband, it could only receive in the subbands



FG4-1 should be understood as referring to the nominal intra-carrier guardband defined according TS 38.104 and 38.101-1. FG4-1 should NOT be understood as referring to intra-carrier guardband defined by RRC parameter IntraCellGuardBands-r16. A UE reporting the support for FG4-1 allows the gNB to configure nrofCRBs as 0 or non-zero. But if a UE does not report the support for FG4-1, the gNB should not configure nrofCRBs as 0 unless the gNB accepts the restriction of scheduling the UE only if LBT passes on all LBT subbands (DL wideband carrier operation mode 1). It is therefore important to clarify that 
FG4-1 refers only to the nominal intra-carrier guardband defined according TS 38.104 and 38.101-1. As a consequence, there is no need to define an additional UE capability for the support of zero intra cell guard band.
FG4-1 refers to 10-19b and 10-19c as prerequisite FGs. DL wideband carrier operation modes 2 and 3 are only defined in the potential FGs 10-19b and 10-19c, so this is probably why RAN4 thought that 10-19b and 10-19c should be prerequisite of FG4-1. On the other hand, the definition of the components of 
10-19b and 10-19c do not actually tell anything about a UE capability but are just descriptions of LBT scenarios at the gNB. The corresponding UE capability is actually defined by FG4-1. So there is in fact no need for FGs 10-19b and 10-19c on top of FG4-1. The descriptions of DL wideband carrier operation modes 2 and 3 just need to be moved to the component description of FG4-1.

Proposal 1: FG4-1 refers only to the nominal intra-carrier guardband defined according TS 38.104 and 38.101-1. Update the component description of FG4-1 by directly including the description of DL wideband carrier operation modes 2 and 3. Respond to RAN4 LS with the proposed updates.

	Index
	Feature group
	Components

	Prerequisite feature groups
	Consequence if the feature is not supported by the UE

	4-1
	Reception in intra-carrier guardband
	Capability of reception in the intra-cell guardband between contiguous subbands in a BWP wider than 20 MHz when LBT is successful only in a subset of the LBT sub-bands which are contiguous or non-contiguous DL wideband carrier operation mode 2 or mode 3 wider than 20MHz 
	[10-19b] or [10-19c]
	UE cannot receive in the guardband defined in TS 38.104 and 38.101-1, it could only receive in the subbands



In [3] RAN4 has responded to question 3 as follows:
Question 3: From RAN4 point of view, does “all LBT sub-bands” for Mode 1 refer to LBT sub-bands of configured carrier or BWP? 

· RAN4 response: Current NR considers requirements related to the carrier and not the BWP. RAN4 are of the understanding that it shall be all LBT sub-bands per configured carrier for DL.  

Based on this response, there should be no need to define FG10-19a, because “Support of DL wideband carrier operation mode 1: single carrier wideband operation when LBT is successful in all LBT sub-bands of [BWP/carrier]” should be an obvious capability of any UE that supports a carrier bandwidth larger than 20 MHz in unlicensed band. The only remaining question is whether a NR-U capable UE should always be capable of supporting NR-U carrier bandwidths of 40, 60 and 80 MHz in addition to 20 MHz, or whether this should be a UE capability. In our understanding, RAN4 has not defined a UE capability for DL carrier bandwidths larger than 20 MHz, so it is assumed that a NRU-capable UE supports 20, 40, 60 and 80 MHz in DL, and therefore supports DL wideband operation mode 1 by default, and may report FG4-1 if it supports modes 2 and 3.

Proposal 2: There is no need to define FGs 10-19a/19b/19c in addition to FG4-1. A NRU-capable UE supports 20, 40, 60 and 80 MHz, and therefore supports DL wideband operation mode 1 by default.

RAN4 did not define any UE capability for uplink transmission in intra-carrier guardband. It is commonly understood that this transmitting in intra-carrier guardband is always feasible since the UE is only allowed to transmit in the entire scheduled uplink resources, which means that LBT must be successful in all LBT subbands within the scheduled bandwidth or overlapping with the scheduling bandwidth. This is already clear in the RAN1 specifications where TS38.214 section 6.1.2.2.3 says that “the UE shall determine the resource allocation in frequency domain as an intersection of the resource blocks of the indicated interlaces and the union of the indicated set of RB sets and intra-cell guard bands defined in Clause 7 between the indicated RB sets, if any.“

The only remaining aspect related to the UE behavior is whether the UE should be mandated to perform (and succeed) LBT in:
· all subbands in the entire UL carrier; or
· all subbands in the entire UL BWP; or
· all subbands within or overlapping with the allocated UL resource.
We think it should be sufficient for the UE to perform and pass LBT only in the subbands that are within or overlapping with the allocated UL resource.
Regarding UL wideband UE capabilities for NR-U, the question on the support of UL carrier bandwidths of 40, 60 and 80 MHz pertains to RAN4. Since RAN4 has not defined a UE capability for UL carrier bandwidths larger than 20 MHz, it is assumed that a NRU-capable UE supports 20, 40, 60 and 80 MHz in UL. There is no need to define FGs 10-19d/e/f in RAN1.

Proposal 3: There is no need to define FGs 10-19d/19e/19f for UL wideband operation. A UE should pass LBT in all subbands within or overlapping with the allocated UL resource before transmitting. A NRU-capable UE supports 20, 40, 60 and 80 MHz UL carrier bandwidths.

Conclusions
We discussed the remaining issues for NR-U Feature Groups for wideband carrier operation (FG10-19a/b/c/d/e/f and FG4-1). A draft LS reply to RAN4 and RAN2 is provided in [4] based on the proposals.

Proposal 1: FG4-1 refers only to the nominal intra-carrier guardband defined according TS 38.104 and 38.101-1. Update the component description of FG4-1 by directly including the description of DL wideband carrier operation modes 2 and 3. Respond to RAN4 LS with the proposed updates.
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	Components

	Prerequisite feature groups
	Consequence if the feature is not supported by the UE

	4-1
	Reception in intra-carrier guardband
	Capability of reception in the intra-cell guardband between contiguous subbands in a BWP wider than 20 MHz when LBT is successful only in a subset of the LBT sub-bands which are contiguous or non-contiguous DL wideband carrier operation mode 2 or mode 3 wider than 20MHz 
	[10-19b] or [10-19c]
	UE cannot receive in the guardband defined in TS 38.104 and 38.101-1, it could only receive in the subbands



Proposal 2: There is no need to define FGs 10-19a/19b/19c in addition to FG4-1. A NRU-capable UE supports 20, 40, 60 and 80 MHz, and therefore supports DL wideband operation mode 1 by default.
[bookmark: _GoBack]Proposal 3: There is no need to define FGs 10-19d/19e/19f for UL wideband operation. A UE should pass LBT in all subbands within or overlapping with the allocated UL resource before transmitting. A NRU-capable UE supports 20, 40, 60 and 80 MHz UL carrier bandwidths.
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Annex 1 draft RAN1 FGs for wideband operation [1]

	[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]
	 These FGs 10-19a/b/c/d/e/f are examples on what RAN1 ask RAN2 to reserve capability bits in LS R1-2004965

the signaling is per band but is only expected for a band where shared spectrum channel access must be used

	[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
	These FGs 10-19a/b/c/d/e/f are examples on what RAN1 ask RAN2 to reserve capability bits in LS R1-2004965

the signaling is per band but is only expected for a band where shared spectrum channel access must be used

	[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
	These FGs 10-19a/b/c/d/e/f are examples on what RAN1 ask RAN2 to reserve capability bits in LS R1-2004965

the signaling is per band but is only expected for a band where shared spectrum channel access must be used

	[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
	These FGs 10-19a/b/c/d/e/f are examples on what RAN1 ask RAN2 to reserve capability bits in LS R1-2004965

the signaling is per band but is only expected for a band where shared spectrum channel access must be used

	[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
	These FGs 10-19a/b/c/d/e/f are examples on what RAN1 ask RAN2 to reserve capability bits in LS R1-2004965

the signaling is per band but is only expected for a band where shared spectrum channel access must be used

	[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
	These FGs 10-19a/b/c/d/e/f are examples on what RAN1 ask RAN2 to reserve capability bits in LS R1-2004965

the signaling is per band but is only expected for a band where shared spectrum channel access must be used





