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1. Overall Description:

RAN4 would like to thank RAN1 for the LS on wideband carrier operation in NR-U. RAN4 has discussed the issue and concludes the following:

· Question 1: Will there be a need for RF requirements within a wideband carrier (> 20 MHz) that spans multiple “LBT sub-bands?” Please consider transmit/receive requirements at both gNB and UE.

The options that are mentioned in RAN1 LS will require two kinds of requirements:

· In-gap leakage and blocking requirement: this will be required at the “gaps” where CCA fails.
· “Out-of-BWP” and in-carrier leakage requirement: This will be required at the edges of BWP within the wideband carrier bandwidth.
In general, all options will require “out-of-BWP” and in-carrier leakage requirements. However, for Options 2 and 3, such requirements will not be needed if the single BWP spans the full carrier. All options, except Option 2 and option 1b (assuming that there is only one LBT sub-band per active BWP), will also require in-gap leakage and blocking requirements.

For wideband operation, when there is LBT-failure in one or more of the LBT sub-bands within the “aggregated LBT sub-bands” within the wideband carrier resulting in non-contiguous sub-bands:

· For the UL and DL transmitters (i.e. UE and gNB transmitters, respectively),
· The spectral mask need to be satisfied in the LBT sub-band where LBT fails for UE and gNB transmitter

· New in-carrier leakage requirement (in the gap where LBT fails) need to be defined which will have leakage suppression similar to ACLR/CACLR requirement.

· For UL and DL receivers (i.e. gNB and UE receivers, respectively), 
· The UE and gNB receivers may also experience higher in-band blocking levels due to blockers in the gap where another transmitter is active in the vicinity. 
· Note that, the above comments are applicable to all options except Option 2 and option 1b, since Option 2 always consists of contiguous LBT sub-bands and it is implicitly assumed that option 1b has only one LBT sub-band per active BWP,.
· Question 2: Will guard bands be needed at the edges of each “LBT sub-band”?

Guard bands may be needed and this needs further investigations depending on filter design, ACLR/CACLR-like in-band emission requirements for UE and gNB, etc. However, it is worth mentioning here that currently defined spectral utilizations (SU) already consider certain guard bands at the carrier edges. As an example: for an 80MHz wideband carrier, the SU will be 217 PRBs. If LBT fails in any of the LBT sub-bands (e.g. the third LBT sub-band as shown in the diagram in the RAN1 LS), then the resulting spectral efficiency of the remaining LBT sub-bands of the wideband carrier will automatically be reduced: it will become 106 + 51 PRBs < ¾*217. If CCA failure happens in more than one LBT sub-band, then the resulting spectral efficiency will be reduced further. 
· Question 3: If yes to either of the above questions, could RAN4 provide a feasibility assessment on the development of such RF requirements? Please consider at least the following aspects:

· Transmission to/from one UE on either contiguous or non-contiguous “LBT sub-bands” within a carrier and combinations thereof
Transmission from the UE may introduce some backoff (MPR) for the options that allow non-contiguous LBT sub-bands (e.g., the diagram in RAN1 LS where CCA fails in one of the LBT sub-bands). As mentioned earlier, new in-band emission requirements need to be defined for such transmissions at gNB and UE.
· RF filtering aspects at both the base station (BS) and UE including time required to adapt filtering to meet new RF requirements, and whether RF filtering would be adaptive or not

For both UE and gNB, usually the filter bandwidth is equal to total carrier bandwidth which is wideband in this case. For options that allow non-contiguous transmissions from either the gNB or UE, the filter needs to include attenuation within the filter passband at the “gaps” where CCA fails, which can be challenging for 5GHz. Feasibility studies from filter design point of view needs to be done for 5GHz if new flexibilities (e.g., adaptivity, etc.) in filter performance are required.
· Whether or not the requirements are different for the options listed in the above RAN1 agreement
The options listed in RAN1 LS include both contiguous and non-contiguous LBT sub-bands with successful CCA. RAN4 would like to stress that, non-contiguous LBT sub-bands within a wideband carrier will require extensive analysis and requirement specification work in RAN4. Thus we propose to omit non-contiguous LBT sub-band scenarios from NR-U work, since lengthy and complex specification work due to new kinds of requirements and flexibility would be needed.
· Whether or not the requirements can be the same as for CA but defined to apply within a wideband carrier

While the requirements may be similar to CA, but defined within a wideband carrier, the more important aspect to consider is the implementation complexity at the BS and UE if wideband operation on non-contiguous LBT sub-bands is supported which may be severe.

2. Actions:

To RAN 1
ACTION: 
RAN4 respectfully asks RAN1 to take the above information into consideration. 
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