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1. Introduction

In RAN1#87 [1], the following agreements were made for bandwidth adaptation. 
	Agreements:
· Send LS to RAN4 to study the following points for single/multi-carrier operation
· 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
· LS includes corresponding agreements/WA for DL control in past meetings
· Note: RAN1 is under discussion on RF bandwidth adaptation for DL data and UL control/data


In this contribution, we discuss further details on bandwidth adaptation including signaling and UE behavior. 
2. Discussion
To minimize UE battery consumption, it is proposed to consider capability of bandwidth adaptation either dynamically or semi-statically. While waiting RAN4 feedback on benefits and latency of bandwidth adaptation, we can further discuss associated signaling mechanism and procedure for efficient bandwidth adaptation. 
2.1. BW adaptation via data configured suband (D-CS) aggregation 

To enable dynamic bandwidth adaption, first approach to consider is to utilize CA-like operation. Depending on traffic or power consumption requirements, a UE can be configured with one or multiple D-CSs. The drawback of this approach is potential control overhead to separately schedule different TB per D-CS. As it can utilize CA framework, it can simplify the impact of dynamic bandwidth adaptation. For example, if a UE is configured with bandwidth-A for low traffic rate, and bandwidth-B for high traffic rate, two D-CS can be configured to a UE where first D-CS covers bandwidth-A, and the other can cover bandwidth-B – bandwidth-A. In this case, bandwidth-B can be achieved via D-CS aggregation. To minimize control overhead, another approach is to configure two D-CS where first D-CS covers bandwidth-A and the other covers bandwidth-B. In this case, two D-CS can partially overlap. Depending on scheduling, a UE can determine which D-CS is activated, and dynamically adapt its bandwidth. Figure 1 shows an example of this operation. 
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Figure 1. Illustration of dynamic bandwidth adaptation via D-CS aggregation

It is also noted that in case a UE supports wideband with multiple RFs in a NR carrier, this approach is more suitable by turning on/off one or more D-CSs to adapt the overall data bandwidth. This is illustrated in Figure 2. 
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Figure 2. Illustration of bandwidth adaptation via D-CS aggregation with multiple RFs
Proposal 1. Consider data-configured subband (D-CS) aggregation to enable dynamic bandwidth adaptation. 
2.2. BW adaptation via scheduling 

As agreed, a UE can be configured with one or multiple control resource sets, which in our view will be configured semi-statically. It is challenging to dynamically adapt control subband. Other than semi-statically configured resources such as SPS, SR, PUCCH, CSI-RS, SRS, etc., bandwidth for data monitoring can be changed dynamically via scheduling. For uplink, it may be done via scheduling as long as the required UE transmission bandwidth would not be changed per slot where back-to-back uplink transmissions are scheduled. For downlink, it can be done via cross-slot scheduling or by adding a gap between control and data. For example, data may start at least X us after decoding of control channel. For data scheduling requiring dynamic bandwidth adaptation, the downlink scheduling control may be placed in the early part of search space (and thus allow fast decoding). It is however noted that if RX center frequency has to be changed from control subband to data reception bandwidth, additional retuning time would be necessary. In this sense, the gap between control and data can be different depending on resource allocation. One simple approach is to assume that RX center frequency is settled based on control subband configuration (e.g., center of control subband), and data reception bandwidth may increase or decrease without changing the center as illustrated in Figure 3. 
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Figure 3. Illustration of BW adaptation with fixed center

When data RX bandwidth is adapted dynamically via scheduling, to minimize ambiguity in scheduling, it needs to be determined the size of resource block for resource allocation. One approach is to fix the possible maximum UE RX bandwidth or system bandwidth of the carrier as the resource block size for resource allocation. This however may lead unnecessary overhead if a UE is mostly operated with smaller bandwidth. Another approach is to maintain the same RA size regardless of data RX bandwidth by increasing RBG size as the bandwidth increases. For example, a UE can be configured with a few RX bandwidth patterns for example M MHz, 2 * M MHz and 4 * M MHz where M is the bandwidth of control subbands, then RBG size of each pattern can be K, 2*K, and 4 * K respectively. By this way, resource allocation field size can be kept the same regardless of potential data RX bandwidth where actual resource allocation would be applied by RA field. 

Proposal 2. Bandwidth adaptation based on scheduling should be further considered. 

Proposal 3. In determining and applying X, both nested bandwidth adaption and non-nested bandwidth adaption should be considered. When non-nested bandwidth adaptation is considered, necessary retuning latency should be considered based on RAN4 feedback. 

2.3. Semi-static BW adaptation

Another approach is to semi-statically configure UE reception bandwidth. This approach can be effective as it may allow other operations such as semi-statically configured resources can be also adapted once UE RX/TX bandwidth is adapted. We consider this can be done by configuring and reconfiguring the bandwidth of data configured subband (D-CS) as discussed in our companion contribution [2]. It is however necessary to further study how to provide fallback in the case of reconfiguration. One approach is to minimize reconfiguration of control subband, or if reconfiguration fails, a UE may re-initiate RACH procedure for recovery. 

Another approach is to operate semi-static bandwidth operation similar to DRX. For example, a UE can be configured with two bandwidth configurations where one configuration is targeted for power efficient state and the other one is for active state. In power efficient state, a UE can monitor small bandwidth for both control and data. The transition between power efficient state and active state can be done similar to DRX or can be semi-statically changed. Figure 4 shows an example of semi-static bandwidth adaptation. During power efficient state, a UE may increase its bandwidth during ‘On Duration’. If there are data scheduled for the larger bandwidth, it may switch to active state. Otherwise, it can go back to power efficient state.
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Figure 4. Semi-static bandwidth adaptation
Proposal 4. Semi-static bandwidth adaptation via D-CS configuration or DRX-like configuration should be considered. 

2.4. RRM aspects

In our view, RRM handling can be different depending on mechanisms of bandwidth adaptation. For example, if bandwidth is adapted based on D-CS configuration, it would be considerable to restrict RRM within the configured D-CS. If bandwidth is adapted dynamically, separate bandwidth assumption on RRM would be necessary. The similar handling on semi-statistically configured resource would be necessary as well. When RRM is restricted within the configured bandwidth, measurement on neighbor cell needs to be considered. To minimize possible measurement gap for RRM measurement for both serving cell and neighbor cells, it can be considered to transmit additional RRM-RS in the configured bandwidth when bandwidth adaptation or frequency retuning within system bandwidth of a UE is supported. 
3. Conclusions

This contribution discusses mechanisms to enable dynamic bandwidth adaptation. We propose to define data configured subband which can be aggregated, or bandwidth can be semi-statically changed to adapt UE’s bandwidth. Furthermore, dynamic adaptation based on scheduling can be further considered. The followings are the proposals.
Proposal 1. Consider data-configured subband (D-CS) aggregation to enable dynamic bandwidth adaptation. 
Proposal 2. Bandwidth adaptation based on scheduling should be further considered. 

Proposal 3. In determining and applying X, both nested bandwidth adaption and non-nested bandwidth adaption should be considered. When non-nested bandwidth adaptation is considered, necessary retuning latency should be considered based on RAN4 feedback. 

Proposal 4. Semi-static bandwidth adaptation via D-CS configuration or DRX-like configuration should be considered. 
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