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Introduction 
A new WI has been agreed in RAN#82 to work on NR based access in unlicensed spectrum. One of the WI scope is to study the feasibility of wideband operation from RAN2 perspective as follow:
Wide band operation (in integer multiples of 20MHz) for DL and UL for NR-U supported with multiple serving cells, and wideband operation (in integer multiples of 20MHz) for DL and UL for NR-U supported with one serving cell with bandwidth > 20MHz with potential scheduling constraint subject to input from RAN2 and RAN4 on feasibility of operating the wideband carrier when LBT is unsuccessful in one or more LBT subbands within the wideband carrier. For all wide-band operation cases, CCA is performed in units of 20MHz (at least for 5GHz).
In this contribution, the feasibility of wideband operation is discussed.
Wideband operation
The benefit of wideband operation is to provide additional transmission opportunities in the frequency domain to reduce LBT delay.
During study item in RAN1#94, RAN1 listed 4 alternative solutions for supporting wideband operation larger than 20 MHz in the DL:
· Option 1a: Multiple BWPs configured, multiple BWPs activated, transmission of PDSCH on one or more BWPs
· Option 1b: Multiple BWPs configured, multiple BWPs activated, transmission of PDSCH on single BWP
· Option 2: Multiple BWPs can be configured, single BWP activated, gNB transmits PDSCH on a single BWP if CCA is successful at gNB for the whole BWP
· Option 3: Multiple BWPs can be configured, single BWP activated, gNB transmits PDSCH on parts or whole of single BWP where CCA is successful at gNB

Option 1a/1b needs multiple BWPs to be active at a given time. Multiple active BWPs is currently not supported in Rel-15 NR and it is perceived that it may require significant RAN2 specification changes. For examples, the BWP operation in MAC will need to be updated to potentially allow the multiple BWPs to be activated and deactivated instead of just switching from 1 BWP to another. The activation and deactivation of a serving cell will need to be able to activate more than 1 BWPs rather than just the initial DL BWP.
In RAN1 Ad-hoc meeting in January, RAN1 agreed not to pursue Option 1a and 1b based on the LS [4] in Rel-16:
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.
For option 2, it is similar to the existing BWP mechanism except that the bandwidth of a BWP can be >20MHz. This is the simplest approach but it is not possible to use available subbands in the case that CCA is not successful for all subbands inside the BWP, which may not be able to take full benefits of wideband operation for NR-U. Moreover, wider bandwidth means more UE power consumption in comparison to Rel-15 NR UE.
Observation#1: Multiple active BWP of Option 1a and 1b may require significant RAN2 specification changes. RAN1 also agreed not to support multiple active BWP in Rel16.

For option 3, an active BWP is partitioned into multiple subbands and allows the gNB to transmit in a subband where LBT succeeded at gNB. From RAN2 perspective, the following operation may benefit from such wideband operation allowing additional transmission opportunities in the frequency domain to reduce LBT delay:
a. RACH procedure: PRACH transmission, Msg2 transmission by gNB
b. Paging
c. SI scheduling
d. Unicast PDSCH and PUSCH (re)transmissions 
For paging and SI scheduling, several companies have proposed to increase the scheduling opportunities in the frequency domain, on top of time domain extension where the paging occasion (e.g. introducing a paging window) and the SI window is extended in time. However, the main concern of increasing in the frequency domain is the need of monitoring a wider bandwidth (i.e. >20MHz for each subband) during idle mode/inactive state. This may not be desirable particularly that it is in idle/inactive state, as it is further UE power consumption on top of the additional power consumption from extension in the time domain via longer PO and SI window.
In the case of PRACH transmission, Msg2 transmission and unicast PDSCH and PUSCH (re)transmission, the concern is on the additional UE complexity (e.g. in terms of RF etc.) of having to transmit and receive from multiple subbands, particularly on new transmit/receive requirements at both gNB and UE. RAN4 replied that more study is needed on this in [3]:
New RF requirements would be needed for transmission options as described in RAN1 LS, such as: 
· In-carrier leakage and blocking requirement: this will be required at the “gap(s)” where CCA fails.
· “Out-of-BWP” (however within the wideband carrier) leakage requirement: this may be required at the edges of BWP within the wideband carrier bandwidth.

[bookmark: _GoBack]Also there is the additional UE power consumption for having to transmit and receive from a wider bandwidth. Furthermore, more RRM measurement may be needed to measure each of these subband which will further consume UE power.

From specification impact point of view, since LBT/channel access procedure is performed in L1, which subband to use for reception/transmission can be transparent to MAC and hence the impact to RAN2 MAC specification is not huge.  From the RRC specification perspective, subbands needs to be configured which is new configuration.

Observation#2: As LBT and channel access procedure is performed in L1, which subband to use for reception/transmission can be transparent to MAC and hence the impact to RAN2 MAC specification may not be significant. From the RRC specification perspective, subbands needs to be configured which is new configuration.

Observation#3: The UE power consumption with UE monitoring wider bandwidth during idle mode/Inactive state and additional RRM measurement needed to measure each of these subbands, as well as the complexity in receiving from multiple RF and ready to transmit on any subbands from UE perspective is a major concern to RAN2.

Propsoal#1: Inform RAN1 that there are some impacts from RAN2 specification and work perspective to introduce wideband operation (such as configuring of the subbands) and have major concerns on UE power consumption due to wider bandwidth for TX/RX and additional RRM measurement to measure the subbands, particularly on wider bandwidth operation in idle/Inactive mode, and the possible increase in RX/TX complexity due to further new RF requirements.
Conclusion
In this contribution, we discussed wideband operation for NR-U and we derived the following proposals:
Observation#1: Multiple active BWP of Option 1a and 1b may require significant RAN2 specification changes. RAN1 also agreed not to support multiple active BWP in Rel16.
Observation#2: As LBT and channel access procedure is performed in L1, which subband to use for reception/transmission can be transparent to MAC and hence the impact to RAN2 MAC specification may not be significant. From the RRC specification perspective, subbands needs to be configured which is new configuration.
Observation#3: The UE power consumption with UE monitoring wider bandwidth during idle mode/Inactive state and additional RRM measurement needed to measure each of these subbands, as well as the complexity in receiving from multiple RF and ready to transmit on any subbands from UE perspective is a major concern to RAN2.
Propsoal#1: Inform RAN1 that there are some impacts from RAN2 specification and work perspective to introduce wideband operation (such as configuring of the subbands) and have major concerns on UE power consumption due to wider bandwidth for TX/RX and additional RRM measurement to measure the subbands, particularly on wider bandwidth operation in idle/Inactive mode, and the possible increase in RX/TX complexity due to further new RF requirements.
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