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1 Introduction
In the RAN1 #87 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
This contribution mainly focuses on the mechanism of bandwidth adaptation in NR，and provides the solutions used for bandwidth adaptation. The handling of DCI in bandwidth adaptation is also discussed.
2 Mechanism 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 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. 
2.1 Fast bandwidth/carrier switching for bandwidth adaptation
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 or semi-statically. 
While in 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 or semi-statically for UE according to traffic load and interference conditions, thus achieves load balancing gain and frequency selectivity gain. This mechanism also has the benefit of allowing a UE with limited carrier aggregation (CA) capability to efficiently utilize a much wider bandwidth available at the network side, more details can be seen in [3].
For bandwidth adaptation, gap interval (not less than X µs) for bandwidth/carrier switching should be as small as possible to reduce latency, it is dependent of UE capability such as RF retuning time, and the value of X is FFS. The values (0us, 30us, 100us, 200us, 300us, 500us, and 900us) provided in [4] may be used as baseline for further discussion. 
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Figure 1. Fast bandwidth/carrier switching for 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 switch back to first RF bandwidth from second RF bandwidth. In this situation, UE should monitor downlink control channel to receive uplink grants or downlink data transmissions and react on changes of traffic at same time. 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 2. 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 2. Fast bandwidth switching back for bandwidth adaptation
Proposal 1: In single-carrier and multi-carrier cases, fast bandwidth/carrier switching should be applied for bandwidth adaptation, and the value of X is FFS.
Proposal 2: The first RF bandwidth is not necessarily within the second RF bandwidth.
Proposal 3: A timer and/or signaling are needed for UE to switch back to first RF bandwidth from second RF bandwidth.
2.2  Two-step DCI in 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. The gNB can indicate UE the value of reserving blank time such as number of OFDM symbols for bandwidth switching by DCI transmitted in first RF bandwidth according to gap interval. Meanwhile, after bandwidth switching, if the gap interval is short,  the DCI of first RF bandwidth and the scheduled data at second RF bandwidth can be located in the same slot. And when the start position at time domain for UE to operate in second RF bandwidth would be the data region of the slot, then UE cannot monitor DCI in control region until the next slot, which may increase latency. In order to solve this problem, two-step DCI can be used for bandwidth adaptation in this situation, as shown in Figure 3. UE can monitor the DCI 1 in first RF bandwidth, while the control channel of DCI 2 can be embedded in the data region of second RF bandwidth. DCI 1 can be used for indication of time and frequency resource of the control channel of DCI 2 and for indication of the value of reserved blank time. The DCI 2 contains the data scheduling information in second RF bandwidth such as MCS. As time and frequency resource for the control channel of DCI 2 in second RF bandwidth can be indicated by the DCI 1 in first RF bandwidth, the resource for blind decoding can be reduced then UE power consumption can be reduced. Then, self-contained hierarchical control channel can be used for two-steps DCI in bandwidth adaptation, as discussed in more details in [2].
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Figure 3. Two-step DCI in bandwidth adaptation
When the value of gap interval X is large enough, however, the DCI of first RF bandwidth and the scheduled data at second RF bandwidth may be located in different slots. For two-step DCI, as DCI 1 contains at least the scheduling information for DCI 2, hence cross-slot scheduling should be supported in two-step DCI for bandwidth adaptation. While for multi-carrier case, similar to single-carrier case, two-step DCI can be used for cross-carrier scheduling in fast carrier switching. 
Proposal  4:  gNB should reserve blank time resource for UE in bandwidth adaptation.
Proposal 5: Two-step DCI should be applied for bandwidth adaptation in single-carrier case and multi-carrier case.
Proposal 6: When the value of X is large, cross-slot scheduling should be supported in two-step DCI for bandwidth adaptation.
2.3 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 subband”, when UE operates in first RF bandwidth, the location of “control subbands” 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 subband” in frequency domain by higher layers for UE.

Proposal 7: At least for bandwidth adaptation, UE can be configured with the location of “control subband(s)” in frequency domain and related control search space configuration.
3 Conclusions
The contribution focuses on mechanism of bandwidth adaptation. Based on the discussion, we have the following proposals:

Proposal 1: In single carrier and multi-carrier cases, fast bandwidth/carrier switching should be applied with bandwidth adaptation, and the value of X is FFS.
Proposal 2: The first RF bandwidth is not necessarily within the second RF bandwidth.
Proposal 3: A timer and/or signaling are needed for UE to switch back to first RF bandwidth from second RF bandwidth.
Proposal 4: gNB should reserve blank time resource for UE in bandwidth adaptation.
Proposal 5:Two-step DCI should be applied for bandwidth adaptation in single-carrier case and multi-carrier case.
Proposal 6: When the value of X is large, cross-slot scheduling should be supported in bandwidth adaptation.
Proposal 7: At least for bandwidth adaptation, UE can be configured with the location of “control subband(s)” in frequency domain and related control search space configuration.
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