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Introduction
In RAN#82 meeting the work item for NR operation in unlicensed spectrum was approved [1]. Among other topics the work item description includes the following objectives related to wideband operations:
· 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).


Further, in the study item report the following is stated related to wideband operations [2]:
For wideband operation for both DL and UL,
-	Bandwidth larger than 20 MHz can be supported with multiple serving cells.
-	NR-U should support that a serving cell can be configured with bandwidth larger than 20 MHz. 
For DL operation, the following options for BWP-based operation within a carrier with bandwidth larger than 20 MHz can be considered.
-	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
For UL operation, the following options for BWP-based operation within a carrier with bandwidth larger than 20 MHz can be considered.
-	Option 1a: Multiple BWPs configured, multiple BWPs activated, transmission of PUSCH on one or more BWPs
-	Option 1b: Multiple BWPs configured, multiple BWPs activated, transmission of PUSCH on single BWP
-	Option 2: Multiple BWPs can be configured, single BWP activated, UE transmits PUSCH on a single BWP if CCA is successful at UE for the whole BWP
-	Option 3: Multiple BWPs can be configured, single BWP activated, UE transmits PUSCH on parts or whole of single BWP where CCA is successful at UE
It is noted that CCA is declared to be successful or not in multiples of 20 MHz


In this contribution, we will further discuss design options and directions we think RAN1 should consider for unlicensed NR within the work item with respect to the wide band operations.

Discussion

Wideband (>20 MHz) operation of NR-U
As included in the work item objectives for all wide-band operation cases, CCA is performed in units of 20MHz (at least for 5GHz).
During the study item several companies pointed out the need to support both sub-band (20 MHz) and wideband (n * 20 MHz) LBT. Also there was discussion on adapting the used bandwidth based on CCA success/fail. Within NR the Bandwidth Part (BWP) concept has been introduced, and this can be useful for such operation of NR with channel sensing split into smaller units of the total bandwidth. If the total bandwidth is split into multiple units using BWPs, each BWP could consist of one or multiple 20MHz units where the CCA procedure would operate per 20MHz unit. 
A number of different BWP-based options were concluded as listed as option 1a, 1b, 2 and 3 in the introduction section above.
For option 1a and 1b, the main change is to support multiple activated BWPs, which means for downlink that a UE is required to monitor more than one BWPs in case of simultaneous DL transmissions on more than one active BWP. These options alleviate channel access latency by increasing the odds of nodes accessing unlicensed channels. To our understanding however, multiple BWPs activation is not within the scope of NR-U because the new procedure would impact not only on unlicensed operation but also on licensed operation. In case the procedure is specified in other topics (e.g., URLLC), NR-U can support option 1a and/or 1b. 
Option 2 &3 strictly follow the mechanism of Rel-15 NR BWP configuration and activation with the only difference being the support of partial BWP transmission (option 3). Since eMBB service is the main target for Rel-16 NR-U, it is quite normal for the network to configure a BWP exceeding 20MHz (e.g., 80MHz) for DL transmissions for a group of UEs within the SCell. In such a case, option 3 shows its superior performance on the spectral efficiency over option 2, especially when only a small partial BWP is busy at a time instant. 
Proposal 1: At least option 3 from 38.889 on wideband operation (Multiple BWPs can be configured, single BWP activated, gNB transmits PDSCH on parts or whole of single BWP where CCA is successful at gNB) should be considered for Rel-16 NR-U. 
For option 3, the UE or gNB transmits on parts or the whole of the BWP where CCA is successful. Since the expected channel utilization on the BWP could vary over time one option for further consideration of this option could be to introduce methods that allow a prioritization for the usage of the different parts of the BWP.
We consider an allocated carrier/channel may be relatively wide and in an unlicensed system it could be beneficial to study necessary NR enhancements for LBT operation on a wide BWP. Such enhancements could include considering new measurements and reporting to support system awareness of the current channel properties of the configured BWPs. 
Multiple methods are possible for such enhancements, e.g. in the case of uplink operation the network may control which 20MHz units to primarily use for each transmission, or to configure that transmitting devices always perform LBT over all 20MHz units in the BWP. Hence, there is a benefit to define a priority order for LBT among the multiple configured 20MHz units, e.g. to define a primary sub-band for the CCA. We propose that these aspects are studied, to analyze pros and cons for different sub-band prioritization strategies.
Proposal 2: NR-U to support prioritization between multiple configured sub-bands for transmissions over a wideband carrier.

Occupied bandwidth aspect
In [3], the DCI-triggered BWP switch for the UE to receive PDSCH (for DL active BWP switch) or transmit PUSCH (for UL active BWP switch) on the new BWP has to comply with a switching delay in terms of slots and UE capability on RF chain. Since there is no LBT-affected BWP availability issue on licensed spectrum, the UE can naturally monitor and measure on the new BWP on the serving cell through indication from the gNB. However, the procedure might be quite different on unlicensed spectrum, where gNB/UE requires LBT before transmission of any signals/channels. 
From the viewpoint of UL transmission, gNB needs to monitor on the entire bandwidth even though partial sub-bands might be blocked due to the corresponding LBT failure. On the DL perspective however, it would be desirable for the UE to minimize the power consumption and monitoring complexity, which matters a lot to a UE’s RF design. Furthermore, the ambiguity of RS transmission causes measurement inaccuracy.
We studied 2 cases (when the LBT on new BWP occurs before and after DCI-based triggering), which are explained as follows:
· Perform LBT on switched BWP after DCI-triggering on current BWP
Since current BWP indication cannot accurately reflect the availability of each sub-band, the UE has to monitor CORESET(s) and measure RS on all sub-bands on the new BWP even if some sub-bands are not available for transmission. Since the occupied sub-band(s) cannot be informed to UE by the gNB through the current BWP switching mechanism, a new DCI including the occupied bandwidth indicator needs to be introduced in NR-U in this case.
· Perform LBT on switched BWP before DCI-triggering on current BWP
The current BWP switching mechanism could work, while the granularity of frequency domain indication might not be sufficient. One of the possible enhancements is to contain the information of occupied channel bandwidth in the current DCI, through which the UE can skip monitoring PDCCH/buffering PDSCH on some sub-band(s) that are not applicable for future transmission. . 
Proposal 3: Enhancements of frequency domain indication should be considered taking occupied bandwidth into account.

Conclusions
In this contribution, based on the above discussion we have the following observations and proposals:
Proposal 1: At least option 3 from 38.889 on wideband operation (Multiple BWPs can be configured, single BWP activated, gNB transmits PDSCH on parts or whole of single BWP where CCA is successful at gNB) should be considered for Rel-16 NR-U. 
Proposal 2: NR-U to support prioritization between multiple configured sub-bands for transmissions over a wideband carrier.
Proposal 3:  Enhancements of frequency domain indication should be considered taking occupied bandwidth into account.
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