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Introduction
In the context of non-CA-based wideband operation for NR-U, the concepts of wideband channel bandwidth, bandwidth parts, and LBT sub-bands are inter-related but perhaps not commonly understood by all.  More than a matter of terminology, each of these concepts conveys certain expectation and assumptions that will impact how NR-U requirements are to be defined.  As described in this contribution, the consequence of channel vs. BWP vs. scheduled sub-band transmission is that filter adaptation and LO retuning cannot be assumed in the UE.  Requirements and exceptions should be defined accordingly without any such assumptions.
Discussion
It is commonly understood that a wideband channel in NR may be divided into multiple bandwidth parts (BWP’s) of which up to four may be configured in UL and DL for the UE.  For example, the largest channel bandwidth in FR1 for NR has been 100 MHz, but this can be subdivided into BWP’s of any size corresponding to a valid channel bandwidth say 20 MHz.  Moreover, it is expected that BWP adaptation whereby the UE changes from one active BWP to another already configured BWP can happen dynamically based on traffic or other considerations.  One possibility is to configure a wider BWP for high throughput data transfer and a smaller BWP for power savings, where the active BWP can change dynamically between these two as needed depending on requested traffic.  Therefore, the concept of BWP may also have merit for NR-U and is already being integrated in relevant specifications.  However, the application of BWP’s for NR-U, especially for wideband operation deserves further discussion.
Firstly, it is not anticipated that BWP configuration is used in NR-U for delineating LBT sub-bands.  The LBT timeline is much faster than a BWP adaptation timeline can support.  Therefore, LBT sub-bands are possibly contained within a BWP but not defined by a BWP; i.e., a BWP used in wideband operation probably holds multiple LBT sub-bands.  
Observation:  BWP’s are not intended to be used to delineate 20 MHz LBT sub-bands.
However, it is not fully clear whether wideband operation refers to operation within a BWP or whether it refers to operation within a channel or carrier.  For example, channel bandwidths of 20, 40, 60, and 80 MHz have been discussed, but whether these refer to the cell bandwidth or whether they refer to a configured BWP within a larger channel bandwidth is unclear.  At least [1] states that wideband operation is referring to a BWP within a larger cell channel carrier bandwidth.  Text and figure 1 from [1] have been reproduced below.
Figure 1.  Excerpt from [1]
Wideband operations utilize a Bandwidth Part (BWP) to define the wideband carrier. For NR Rel-15 the carrier BWPs can be configured only within the usable (full) physical resource blocks (PRB) of a carrier as illustrated in Figure 1.
[image: ]
Figure 1 Configuration of BWP in NR Rel-15


This understanding is important and carries certain implications as described forthwith.  It has been agreed in NR that UE RF requirements are not based on the BWP but rather on the wider channel bandwidth [2].  In fact, the notion of BWP does not even appear in 38.101 UE RF requirements since the requirements are only based on the channel bandwidth rather than the BWP.  As such, the UE implementation is not expected to adjust its front-end Tx or Rx configuration, either analog or digital, in response to the active BWP for meeting UE RF Tx and Rx requirements, though of course it is not precluded from doing so.  
Observation:  UE RF requirements are defined with respect to the cell channel bandwidth, not to a BWP.
The implication to NR-U is that it can not be expected that any RF configuration is adapted to the BWP for NR-U wideband operation.  Specifically, it cannot be assumed that there is filter adaptation (either analog or digital) nor can it be assumed that the LO is centered in the middle of the BWP unless the BWP happens to be centered within its channel.  
Observation:  If BWP’s are used as containers for NR-U wideband operation, it cannot be assumed that any UE RF front-end configuration is adapted to the BWP rather than the channel.  In particular, it cannot be assumed that any filters either analog or digital will be adapted to the BWP nor can it be assumed that the LO will be tuned according to the BWP.
The lack of filter adaptation means that emission requirements that fall outside of the BWP but within the channel do not derive any benefit from filter attenuation.  Similarly, ACS and blocking requirements also do not benefit from filter rejection in the UE receiver.  The fact that the LO is tuned not to the center of the BWP, but to the center of the channel means that IQ image products may fall outside of the BWP even when UL transmissions are fully contiguous.  If emission requirements are defined relative to the transmitted LBT sub-bands within the BWP, then IQ image products will require exception as already identified in [3].  What may not have been fully evident in [3], however, is that the LO may not be centered within the BWP and therefore the required exceptions for IQ image products may fall outside of the BWP but within the carrier channel bandwidth.  The way forward in [3] references punctured channels in the context of wideband operation but is not clear whether this is regarded as the channel or BWP within a channel.  An illustration is provided below for emissions in the uplink but a similar problem exists for blockers in the downlink.
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On the other hand, if BWP’s are not used as the containers for NR-U wideband operation or if the BWP is always configured to be fully overlapped with the channel (so that channel and BWP are identical), then the image exceptions are contained within the BWP (or channel).  However, since proposals for emission requirements [3] are based on the set of scheduled LBT sub-bands rather than the BWP, the same issues as described above are present.  The difference may be that the reach of IQ image products may be lessened.
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Even in the case where the entire channel is used for the wideband carrier rather than a BWP, unless all LBT sub-bands are scheduled and all pass LBT (the proposal 4b from [4] which was not agreed), the above issues will be present.  Filter adaptation cannot be assumed to be available and the LO cannot be assured to be in the center of scheduled and transmitted LBT sub-bands.  The only possible way to guarantee filter adaption and centered LO is to adjust the channel definition to the scheduled and transmitted LBT sub-bands.  But the channel is intended to be static, not to be adjusted according to scheduling.
Proposal:  UE filter adaptation is not assumed to be available according to LBT sub-bands.  The LO location and IQ image location relative to the transmitted (or received) LBT sub-bands is not well defined.  It may be inside the wideband operation bandwidth or outside of it.  Appropriate exceptions inside of the cell channel bandwidth but possibly outside of the BWP shall be included in emission and ACS/blocking requirements for the UE.
Observation:  Since filter adaptation is not to be assumed, filter adaptation time for the UE can be zero.  On the other hand, while filter adaptation cannot be assumed, it may be worth considering an allowance for filter adaption time to enable such an implementation for future compatibility.
Conclusion
This contribution has discussed the application of BWP’s for wideband NR-U operation from the UE’s perspective.  It is proposed that a common understand be agreed that BWP’s are used to contain the sub-bands for wideband operation as described in [1].  However, it is then recognized that since the UE is not obligated to adjust its front-end according to the BWP, that filtering and LO tuning are not available as LBT sub-bands are scheduled, transmitted and/or received.  
Observation:  UE RF requirements are defined with respect to the cell channel bandwidth, not to a BWP.
Proposal:  UE filter adaptation is not assumed to be available according to LBT sub-bands.  The LO location and IQ image location relative to the transmitted (or received) LBT sub-bands is not well defined.  It may be inside the wideband operation bandwidth or outside of it.  Appropriate exceptions inside of the cell channel bandwidth but possibly outside of the BWP shall be included in emission and ACS/blocking requirements for the UE.
Observation:  Since filter adaptation is not to be assumed, filter adaptation time for the UE can be zero.  On the other hand, while filter adaptation cannot be assumed, it may be worth considering an allowance for filter adaption time to enable such an implementation for future compatibility.
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