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1 Introduction
In the RAN1 #86bis meeting, an agreement [1] on the bandwidth adaptation was achieved, which clarified that:

· At least for single carrier operation, NR should allow a UE to operate in a way where it receives at least downlink control information in a first RF bandwidth and where the UE is not expected to receive in a second RF bandwidth that is larger than the first RF bandwidth within less than X µs (FFS: value of X)

· FFS the first RF bandwidth is within the second RF bandwidth

· FFS the first RF bandwidth is at the center of the second RF bandwidth

· FFS the maximal ratio of the first RF bandwidth over the second RF bandwidth

· FFS detailed mechanism

· FFS RF bandwidth adaptation for RRM measurement
In the RAN1 #87 meeting, RAN1 sent an LS to RAN4 to study the following points for single/multi-carrier operation [2]:

· How fast is the UE RF bandwidth adaptation

· How much power saving is possible for UE RF bandwidth adaptation

· Other benefits

· Whether any of the above depends on the conditions, such as

· Whether or not first and second RF bandwidth are centered at the same frequency

· Whether or not first RF bandwidth are partially or fully contained in the second RF bandwidth

· The ratio of first and second RF bandwidth

· Whether or not first and second RF bandwidth are in the same band

· Dependency of modulation scheme

· Whether or not neighbor cell synchronization signals are within first RF bandwidth

· Whether or not first and/or second RF bandwidth are centered at the same frequency as neighbor cell synchronization signals

· Whether or not additional reference signals are needed, for example for AGC settling
· Whether it depends on transmission direction
This contribution mainly focuses on the mechanism of bandwidth adaptation in NR，and provides the solutions used for bandwidth adaptation, then the value of gap interval for bandwidth adaptation is analyzed. The design of signaling indication for bandwidth adaptation is also discussed. Finally channel bandwidth scalable design is discussed and the scalable design can also be applied to bandwidth adaptation for switching between first RF bandwidth and second RF bandwidth.
2 Mechanisms of the bandwidth adaptation
In NR, the primary operating bandwidth of UE can be just a part of its receiving/transmitting bandwidth [1]. In bandwidth adaptation, when UE is not scheduled to transmit/receive data, or is scheduled to transmit/receive low-data-rate service (such as voice service), UE can just operate in a narrow first RF bandwidth (i.e., the primary operating bandwidth) to reduce power consumption as ADC power consumption is proportional to the bandwidth. When UE is scheduled to transmit/receive high-data-rate services (such as eMBB service), the gNB can switch the UE to operate in second RF bandwidth that is larger than first RF bandwidth. 
· Dynamic bandwidth adaptation for single-carrier operation 
In single-carrier case for bandwidth adaptation, as shown in Figure 1 (a), if UEs always operate in the same primary operating bandwidth region that is around the first RF bandwidth, when some of UEs need high peak data rate services at same time, traffic load of operating bandwidth region may become heavier, the load between different operating bandwidth regions in carrier bandwidth will be unbalanced. Meanwhile for some UEs, there are may not enough frequency resources that can be used for second RF bandwidth around the first RF bandwidth region. Hence for the UEs operating in the same narrowband portion as first RF bandwidth, to achieve load balancing among different operating bandwidth regions and utilize the carrier bandwidth resource efficiently, the first RF bandwidth is not necessarily within the second RF bandwidth, and gNB can indicate UEs to switch to the operating bandwidth regions that can be used for second RF bandwidth dynamically. 
If the first RF bandwidth and second RF bandwidth share the same center frequency, the gap interval (not less than X µs) only for bandwidth size changing would be small, it can be less than 20us. While for different center frequency between adapted bandwidths, the dominant portion of gap interval would be initializing RF components for center frequency location retuning and the required time may be relatively larger. As provided in [3], based on different UE RF architectures, the RF frequency location retuning time would be 0us, 30us, 100us, 200us. Hence, considering the required time for RF bandwidth size changing and RF frequency location retuning, for 15kHz subcarrier spacing, the RF switching for bandwidth adaptation can be done within only about one to four OFDM symbols. It means at least for 15kHz or 30kHz subcarrier spacing, the process of bandwidth adaptation can be finished within a slot.
· Dynamic bandwidth adaptation for multi-carrier operation
The case of bandwidth adaptation in single carrier can be easily extended to multi-carrier case, as shown in Figure 1 (b), the UEs can monitor the first RF bandwidth in narrow bandwidth of component carrier (CC), and when UEs require wide bandwidth, gNB can indicate the UEs to switch to the wider bandwidth component carrier(s) to operate in second RF bandwidth. The gNB can select the operating component carrier(s) dynamically for UE according to traffic load and interference conditions, thus achieves load balancing gain and frequency selectivity gain. For gap interval, as provided in [3], if the aggregated carriers are in the same band, similar to single carrier case, RF frequency location retuning time is 0us, 30us, 100us, 200us according to UE RF architecture. While if the aggregated carriers are in the different bands, RF frequency location retuning time can be 0us, 30us, 100us, 200us, 300us, 500us, 900us. Based on the possible maximum RF switching time (close to 1ms), for 15kHz subcarrier spacing, slot level of bandwidth adaptation processing time should be supported in multi-carrier case.
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Figure 1. Bandwidth adaptation in single/multi-carrier cases
Observation: The gap interval for bandwidth adaptation is from tens of us to hundreds of us in the cases of single-carrier and multi-carrier. 
Proposal 1: Dynamic bandwidth adaptation should be extended to multi-carrier case.

Proposal 2: The first RF bandwidth is not necessarily within the second RF bandwidth.
3 Signaling indication for bandwidth adaptation
In order to enable dynamic bandwidth switching between first RF bandwidth and second RF bandwidth, UE should monitor downlink control channel to receive downlink control channel or data transmissions and react on changes of traffic at same time, it is proposed to design DCI signaling for bandwidth adaptation in NR.
3.1  DCI indication for bandwidth adaptation
For bandwidth adaptation in single-carrier case, when gNB starts to switch the UE to operate in second RF bandwidth from first RF bandwidth, the gNB should allow some time for UE to switch to second RF bandwidth. This time should not be less than gap interval X µs, and if data is scheduled for the UE at the same time as the UE receives the indication to switch operation in second RF bandwidth, then resources should be reserved so that the UE’s data is not mapped during the time the UE switches to the second RF bandwidth. 
If the gap interval is short and only lasts for a few OFDM symbols, the first RF bandwidth and second RF bandwidth can be located in the same slot. When the value of gap interval X is large enough, the first RF bandwidth and second RF bandwidth may be located in the different slot. In order to indicate the UE to fast expand the RF bandwidth to receive/transmit signal and data in second RF bandwidth, DCI indication can be introduced for bandwidth adaptation, then two options of DCI indication should be considered:
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Figure 2.  DCI indication in bandwidth adaptation

Option 1: Single-stage DCI. As shown in Figure 2(a), UE monitors DCI in first RF bandwidth, the DCI can indicate a resource allocation outside of the first RF bandwidth to implicitly configure the bandwidth size and frequency location of second RF bandwidth, then UE can interpret it as an indication to change bandwidth, then UE expands the RF bandwidth so that the data is received.

Option 2: Two-stage DCI. As shown in Figure 2(b), UE monitors first-step DCI in first RF bandwidth, and once the UE expands the RF bandwidth, it starts to monitor second-step DCI in second RF bandwidth. The first-step DCI can explicitly or implicitly instruct the UE to switch from first RF bandwidth to second RF bandwidth, the first-step DCI may contain the information of bandwidth size and frequency location of second RF bandwidth. While the second-step DCI can further provide the detailed scheduling information for data transmission. 
Moreover, cross-slot scheduling should be supported in both single-stage DCI and two-stage DCI for bandwidth adaptation especially for the larger gap interval X. While for multi-carrier case, similar to single-carrier case, both single-stage and two-stage DCI can be used for cross-carrier scheduling in fast carrier switching. 
Proposal 3:  gNB should reserve blank time resource for UE in bandwidth adaptation.
Proposal 4: Both single-stage and two-stage DCI can be applied for bandwidth adaptation in single-carrier case and multi-carrier case.
3.2 Bandwidth switching back in bandwidth adaptation

As data traffic is often highly bursty, with occasional periods of data transmission followed by longer periods of silence, this will increase power consumption when UE operates in second RF bandwidth. To reduce the UE power consumption, the UE can dynamically switch back to first RF bandwidth from second RF bandwidth.  The UE can (re)start a timer every time it is scheduled, when UE is not scheduled to receive or transmit data in following slots until timer expires, UE can switch back to operate in first RF bandwidth, as illustrated in Figure 3. Another solution is that UE can be informed by signaling from gNB to switch back to operate in first RF bandwidth.
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Figure 3. Bandwidth switching back for bandwidth adaptation
Proposal 5: A timer and/or signaling are needed for UE to switch back to first RF bandwidth from second RF bandwidth.
3.3 UE-specific DL control information monitoring in bandwidth adaptation

From the agreement of bandwidth adaptation, UE receives at least downlink control information in a first RF bandwidth. As UE monitors for DL control information in one or more “control resource set”, when UE operates in first RF bandwidth, the location of “control resource set” transmitting DL control information are limited in first RF bandwidth region. In order to decrease the blind decoding attempts and improve UE power efficiency, the gNB should configure the location of “control resource set” in frequency domain and related control search space configuration by higher layers for UE.

Proposal 6: For bandwidth adaptation, UE can be configured with the location of “control resource set(s)” in first RF bandwidth frequency domain and related control search space configuration by higher layers.
4 Channel bandwidth scalable design in NR

As agreed in RAN1 Ad Hoc meeting, scalable design(s) of channel bandwidth up to maximum channel bandwidth per NR carrier should be considered. As proposed in [4], from RAN1 perspective, bandwidth granularity of 1 RB can be supported. However, considering the compromise between bandwidth flexibility and implementation complexity, the candidates of single carrier channel bandwidth can be scalable n times of reference channel bandwidth up to maximum channel bandwidth where n is an integer and the reference channel bandwidth can be a minimum channel bandwidth and can be widely deployed (e.g. 5MHz in sub-6 GHz). The values of reference channel bandwidth and n can be different in different range of frequency band and can be further decided by RAN4.

In order to satisfy the requirements of different data-rate services with frequency resource utilization efficiency, reduce the signaling overhead and power consumption and simplify RF filter design, scalable design of second bandwidth in a single carrier can also be considered. The gNB can pre-configure a set of candidate values of second bandwidth that are scalable n times of reference bandwidth (e.g. first bandwidth) up to maximum UE receiving/transmitting channel bandwidth. Then gNB can choose the value of second bandwidth from set and signaled it to UE based on scheduling TB size.
Proposal 7: The candidates of single carrier channel bandwidth can be scalable n times of reference channel bandwidth up to maximum channel bandwidth where n is an integer and the reference channel bandwidth can be a smallest channel bandwidth for a given frequency band.
Proposal 8: A set of scalable values of the second bandwidth can be supported for bandwidth adaptation in a single-carrier operation.
5 Conclusions
The contribution focuses on mechanism of bandwidth adaptation. Based on the discussion, we have the following proposals:
Observation: The gap interval for bandwidth adaptation is from tens of us to hundreds of us in the cases of single-carrier and multi-carrier. 
Proposal 1: Dynamic bandwidth adaptation should be extended to multi-carrier case.

Proposal 2: The first RF bandwidth is not necessarily within the second RF bandwidth.
Proposal 3: gNB should reserve blank time resource for UE in bandwidth adaptation.
Proposal 4: Both single-stage and two-stage DCI can be applied for bandwidth adaptation in single-carrier case and multi-carrier case.
Proposal 5: A timer and/or signaling are needed for UE to switch back to first RF bandwidth from second RF bandwidth.
Proposal 6: For bandwidth adaptation, UE can be configured with the location of “control resource set(s)” in first RF bandwidth frequency domain and related control search space configuration by higher layers.
Proposal 7: The candidates of single carrier channel bandwidth can be scalable n times of reference channel bandwidth up to maximum channel bandwidth where n is an integer and the reference channel bandwidth can be a smallest channel bandwidth for a given frequency band.
Proposal 8: A set of scalable values of the second bandwidth can be supported for bandwidth adaptation in a single-carrier operation.
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