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In the RAN1 meeting #92bis, it was agreed that [1]:
· Baseline for study: If absence of Wi-Fi cannot be guaranteed (e.g. by regulation) in the band (sub-7 GHz) where NR-U is operating, the NR-U operating bandwidth is an integer  multiple of 20MHz 
· At least for band where absence of Wi-Fi cannot be guaranteed (e.g. by regulation), LBT can be performed in units of 20 MHz. 
· FFS: details on how to perform LBT for as single carrier with bandwidth greater than 20 MHz, i.e., integer multiples of 20 MHz.
As evaluated and discussed in a companion contribution [2], it was observed that single carrier wideband operation can achieve better UPT performance compared to CA operation and therefore NR should support component carrier bandwidth larger than 20MHz in sub-7G in unlicensed band. On the other side, due to narrow band interference and subband LBT, the transmission bandwidth will dynamically change according to LBT result. In NR design, bandwidth part (BWP) configuration has been introduced to support bandwidth adaptation within a wideband carrier. In this contribution, the consideration of BWP operation in NR unlicensed band is discussed. 
[bookmark: _Ref129681832]BWP operation in NR unlicensed carrier
Dynamic bandwidth transmission
As per the latest agreements, LBT can be performed in units of 20MHz and details on how to perform LBT for as single carrier with bandwidth greater than 20 MHz, i.e., integer multiples of 20 MHz are FFS. When performing channel access procedures for a wider bandwidth, subband-based LBT inheriting the existing multi-carrier LBT mechanism in LAA-LTE and wideband based LBT shall be carefully evaluated as mentioned in our companion contribution [3]. For subband-based LBT, the transmission on each subband is independent subject to LBT success, while for wideband LBT, the transmission is always occupying the whole bandwidth subject to LBT success for the whole bandwidth. For a single carrier operating on a wider bandwidth, however, if one or several subbands within the bandwidth have been occupied by neighbor operators or Wi-Fi systems, there would be two cases:
Case 1: the LBT may still be successful by using wideband LBT, and the wideband transmission would experience unequal interference on different subbands. In addition, the transmission on subbands by neighbor operators or Wi-Fi systems would suffer severe interference caused by the wideband transmission.
Case 2: the LBT fails and the device has to wait for all subbands clear before it starts transmission, so the channel access opportunity and the spectrum utilization efficiency would be negatively impacted.    
[image: ]
Figure 1: Illustration of dynamic bandwidth transmission for CA and Wider BW 
Therefore, similar to CA operation, allowing dynamic bandwidth transmission based on subband LBT is beneficial and shall be applied for a wider bandwidth operation to achieve transmission flexibility and spectrum utilization efficiency, as shown in Figure 1. 
Proposal 1: Dynamic bandwidth transmission with subband LBT for wider bandwidth operation shall be studied to achieve transmission flexibility and spectrum utilization efficiency.

Review of active BWP switching operation in NR licensed carrier
Active BWP switching can support dynamic bandwidth transmission in NR licensed carrier. In current design, active BWP switching can be performed via scheduling DCI or a timer-based mechanism. 3GPP RAN4 has discussed a number of aspects associated with BWP reconfiguration scenarios and the associated switching delays. One LS including the BWP switching delay parameters was sent to RAN1 in last RAN1 meeting [4]. Depending on the different scenarios and different types for BWP switching delay based on type 4 capability signalling, the BWP switching delay will be one of the following values: 400us, 600us, 950us, and 2000us. 
If the active BWP switching in NR licensed carrier is applied to NR unlicensed to support dynamic bandwidth transmission, the following issues should be considered. 
· Issue 1: BWP switching delay degrades the spectrum utilization efficiency in unlicensed carrier
Since UE can only perform data transmission after this BWP switching delay, BWP switching delay will degrade the spectrum utilization efficiency in unlicensed carrier, especially when the channel occupancy time is small (such as 2ms or 3ms as defined in LTE LAA). 
· Issue 2: How to transmit scheduling DCI for BWP switching
gNB can transmit scheduling DCI for BWP switching after acquiring the new BWP. However since gNB can only generate this DCI after LBT, there exists a delay between acquiring the new BWP and transmitting DCI. This delay may impact the resource efficiency in unlicensed carrier. On the other side, gNB can transmit the scheduling DCI for BWP switching before acquiring the new BWP. However there would be a mismatch between the previous scheduling DCI and available BWP after LBT.
In summary, the current BWP switching mechanism in NR licensed carrier is not sufficient to support dynamic bandwidth adaption after LBT especially due to the switching delay (e.g. 400us, 600us, 950us, and 2000us).
Observation: BWP switching mechanism in NR licensed carrier is not sufficient to support dynamic bandwidth adaption after LBT due to the switching delay (e.g. 400us, 600us, 950us, and 2000us).
 
Enhancements on BWP operation in NR unlicensed carrier 
There are in general two ways to overcome the impact incurred by BWP switching delay.
Multiple active BWP
One way is to activate multiple non overlapped BWPs for a UE within a wide component carrier, which is similar as carrier aggregation in LTE LAA. To maximize the BWP utilization efficiency, the BWP bandwidth can be the same as the bandwidth of subband for LBT, i.e. LBT is carrier out on each BWP. When more than one subband LBT success, it requires UE to have the capability to support multiple narrow RF or a wide RF which includes these multiple activated BWPs. Since until now at most one active  DL BWP and at most one active UL BWP at a given time for a serving cell are supported in NR licensed design, the multiple active BWPs operation over NR unlicensed band requires more standard effort. 
Single active BWP
The other way is to activate single wideband BWP for a UE within a component carrier, which can avoid UE consume extra time for retuning the local oscillator and reconfiguring the RF chain. The bandwidth of wideband BWP can be in the unit of subband for LBT. For example, if the subband for LBT is 20MHz in 5GHz band, the wideband BWP bandwidth can consist of multiple 20MHz.The actual transmission bandwidth is subject to subband with LBT success, which will result in dynamic bandwidth transmission within this active wideband BWP. 
As the receiving filter assumes same bandwidth with wideband BWP, strong interference from adjacent channel within BWP might saturate the ADC and degrade the receiving performance. Similarly at transmitter, the wideband transmit filter will not suppress the potential interference to the adjacent channel within wideband BWP where no transmission is expected. One example regarding the adjacent channel interference is depicted in Figure 2.


Figure 2. Interference from adjacent channel within the wideband BWP due to subband LBT
Mechanisms to mitigate interference from/to the adjacent channel within BWP should be investigated. For example, the receiver may be equipped with multiple digital filters, wherein one digital filter per LBT subband. The interference from the adjacent channel would be alleviated to some extent after processing by the digital filter, at the cost of some potential unused RBs between the adjacent subband. Another one is applying filter according to the actually transmission bandwidth at receivers. This would require the receiver to have the capability of decoding the indication of actual transmission bandwidth suffered by the adjacent channel interference. 
In additional, when UE is scheduled PDSCH/PUSCH across subband within the single wideband BWP, the scheduled resources would be punctured partially due to this dynamic bandwidth, since it may be hard to re-schedule or re-generate PHY packets according to the LBT results in a short time. It is beneficial for the receiver to know about the actual transmission bandwidth. The RE scheduled but not transmitted can be excluded from decoding of initial transmission or combination of retransmission. The transmission bandwidth can be either indicated explicitly or implicitly. As discussed in [2], NR-U can consider identifying DL burst using existing RS, e.g. wideband DRMS or TRS. This can also be applicable to identify the actual transmission bandwidth in DL. gNB can also identify the UL transmission bandwidth by detecting the UL DMRS. It should be noted that this information is also beneficial to filter out the unexpected adjacent interference as discussed above. Consequently how to indicate the actual transmission can be further investigated.
Proposal 2: RAN1 should study the following impacts on BWP operation to support wideband operation in NR unlicensed.
· number of active BWP supported
· adjacent channel interference mitigation within activated wideband BWP
· indication of actual transmission bandwidth

Conclusion
In this contribution, the consideration of BWP operation in NR unlicensed band to support single carrier wideband operation are discussed. We observed that:
Observation: BWP switching mechanism in NR licensed carrier is not sufficient to support dynamic bandwidth adaption after LBT due to the switching delay (e.g. 400us, 600us, 950us, and 2000us).

According to the analysis, it is proposed:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: Dynamic bandwidth transmission with subband LBT for wider bandwidth operation shall be studied to achieve transmission flexibility and spectrum utilization efficiency.
Proposal 2: RAN1 should study the following impacts on BWP operation to support wideband operation in NR unlicensed.
· Number of active BWP supported
· adjacent channel interference mitigation within activated wideband BWP
· indication of actual transmission bandwidth 
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