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1 Introduction
In the last few RAN1 meetings, bandwidth parts were discussed and a number of agreements to define the characteristics and how to use bandwidth parts were reached.  In particular the following agreements from the last RAN1 meeting in August were reached:
	From RAN1 #90:
Agreements:
· There is an initial active DL/UL bandwidth part pair to be valid for a UE until the UE is explicitly (re)configured with bandwidth part(s) during or after RRC connection is established

· The initial active DL/UL bandwidth part is confined within the UE minimum bandwidth for the given frequency band

· FFS: details of initial active DL/UL bandwidth part are discussed in initial access agenda

· Support activation/deactivation of DL and UL bandwidth part by explicit indication at least in (FFS: scheduling) DCI

· FFS: In addition, MAC CE based approach is supported

· Support activation/deactivation of DL bandwidth part by means of timer for a UE to switch its 
· The default DL bandwidth part can be the initial active DL bandwidth part defined above 

· FFS: The default DL bandwidth part can be reconfigured by the network

· FFS: detailed mechanism of timer-based solution (e.g. introducing a new timer or reusing DRX timer)

· FFS: other conditions to switch to default DL bandwidth part

· 


In this contribution, we address the highlighted FFS from the past agreements, more specifically we address the details of the activation/deactivation mechanism for the single active bandwidth part case and in addition discuss the details related to the configuration of the UE allowed retuning time.
2 Discussion
2.1 Explicit Activation/Deactivation via DCI

At the last RAN1 meeting, it was agreed to support activation/deactivation of BWP by explicit indication in the DCI.  Two options have been discussed:

Option 1:
DCI w/o data assignment.  In this option, the DCI carries an indication to activatde/deactivate BWP but no data assignment.
With this option, the UE receives a first indication via a special DCI to activate/deactivate BWP.  This option requires the design of a special DCI format.  In order for the UE to start receiving data, and additional DCI with a data assignment must be transmitted by the gNB.  We note here that the new DCI would likely be received in the target CORESET and thus address the target BWP.  Also, until there is CSI feedback provided to the gNB, the gNB scheduler would have to make conservative scheduling decisions.  The high-level concept is illustrated in Figure 1, where BWD is the Default BWP bandwidth, BWT is the BW of the target BWP and BWSYSTEM is the system’s bandwidth.  Note that while TSLOT is illustrated, the time aspects illustrated serve as an example only.
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Figure 1: Option 1: Explicit DCI w/o Data Assignment
Option 2:
DCI w/ data assignment.  In this option, DCI carries an indication to activatde/deactivate BWP along with a data assignment.

With this option, the UE receives a combined data allocation and BWP activation/deactivation message.  This option also requires the design of a DCI format as a new field (BWP activation/deactivation) would be required.  One advantage of this option is that with a single DCI, the UE may start receiving data.  We note in this case that the DCI would need to be able to address the target resources of the target BWP, and that furthermore in practice the gNB scheduler would have little knowledge of the CSI in the target BW and thus would have to make conservative scheduling decisions.  The high-level concept is illustrated in Figure 2.
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Figure 2: Option 2: Explicit DCI w/ Data Assignment
Observation:
The choice between options 1 and 2 depends largely on DCI design tradeoffs.
In general, with DCI explicit activation/deactivation of BWP – for both options 1 and 2, there is a risk that the UE and network are not synchronized w.r.t. which BWP is activated/deactivated.  This issue, discussed in [2], leads to unnecessary delays and potential data losses.  Furthermore, and also common to both options, the gNB scheduler in general does not have CSI information related to the target BWP for channel-sensitive scheduling.  As a result, the gNB would be limited to conservative scheduling for the first several scheduling occasions.  The gNB can rely on periodic or aperiodic CSI-RS and associated CQI report to perform channel-sensitive scheduling.  However this approach may delay channel-sensitive scheduling and/or lead to signaling overhead (e.g. in the case where we request aperiodic CQI).
The approach that we proposed in [2] to mitigate these issues consists of the UE measuring CSI-RS after BWP activation and report the CQI to the network.  As discussed before this approach provides 2 main benefits:

1. Reduces risk and delays associated to de-synchronized status w.r.t. activated BPW;

2. Enables faster channel-sensitive scheduling by the gNB.

The concept is illustrated in Figure 3 for the case of explicit DCI w/o data assignment.  As it can be observed, the network provides a sounding reference signal for the target BWP after the UE has tuned to the new bandwidth.  The UE reports the CSI, which is used as an acknowledgement by the network to confirm that the UE has indeed received the explicit DCI command and has activated/deactivated the appropriate BWPs.
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Figure 3: Explicit DCI w/o Data Assignment and w/ CSI Acknowledgement
A similar approach may be used for the case of explicit DCI w/ data assignment.  This is illustrated in Figure 4.  We note in this case that the first data assignment will be carried out without much knowleged of the CSI for the target BWP.  Nevertheless, this approach leads to an overall reduced delay for channel-sensitive scheduling.
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Figure 4: Explicit DCI w/ Data Assignment and CSI Acknowledgement
Based on the above discussion, we make the following proposals:

Proposal 1:
The UE transmits an acknowledgement upon activation/deactivation of BWP.

Proposal 2:
A CSI report based on the provided CSI-RS resource is transmitted after activation of a BWP and is used as acknowledgment of activation/deactivation.
2.2 Timer-based Activation/Deactivation
At the last RAN1 meeting, it was agreed to support activation/deactivation of DL BWP via the means of a timer.  In our view, the purpose of using a timer for activation/deactivation of DL BWP is to reduce signalling overhead and  enable UE power savings.  As a result, in our view activation/deactivation of a DL BWP should be based on an inactivity timer, a concept illustrated in Figure 5.  The UE in this approach starts and resets a timer upon reception of a DCI.  When the UE is not scheduled for the duration of the timer, the timer expires and then the UE autonomously activate/deactivate the appropriate BWP.  In this case, it would be appropriate for the UE of course to activate for example the Default BWP (BWPD in the Figure) and deactivate the source BWP (BWPA in the Figure).
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Figure 5: Timer-based BWP Activation/Deactivation Mechanism
As discussed in our previous contribution in [1], this behaviour is very similar to UE DRX in LTE.  In LTE, the purpose of UE DRX is to enable power saving by providing a set of subframes where the UE has to monitor the PDCCH (OnDuration) and sets of subframes where the UE does not have to monitor the PDCCH.  Furthermore, UE DRX has two cycles: a Long DRX Cycle and a Short DRX Cycle.  When the inactivity timer initially expires, the UE uses the short DRX cycle.  After a while, when the Short DRX Timer expires, the UE enters the Long DRX cycle.  The purpose of these two cycles is to enable a tradeoff between energy saving and scheduling delays.  LTE DRX basic mechanism is illustrated in an example in Figure 6.
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Figure 6: LTE DRX Mechanism
Thus timer-based activation/deactivation of BWP and UE DRX serve a similar purpose: UE power savings.  Since UE DRX mechanism already provides 2 inactivity timers, in our view it would be reasonable to use one of the UE DRX inactivity timer to also trigger BWP activation/deactivation.  We further see no practical reason to have a separate inactivity timer for BWP activation/deactivation.  Finally, in our view it would be good practice to consider both UE power saving mechanisms in an unified way in the NR specifications and we propose the following:
Proposal 3:
Timer-based DL BWP activation/deactivation is based on existing UE DRX inactivity timer.  FFS whether inactivity timer or short DRX timer should be used.

3 Conclusion

In this contribution we have discussed remaining details on bandwidth part timer-based activation/deactivation for the single active BWP case and made the following observations/proposals:

Observation:
The choice between options 1 and 2 depends largely on DCI design tradeoffs.

Proposal 1:
The UE transmits an acknowledgement upon activation/deactivation of BWP.

Proposal 2:
A CSI report based on the provided CSI-RS resource is transmitted after activation of a BWP and is used as acknowledgment of activation/deactivation.

Proposal 3:
Timer-based DL BWP activation/deactivation is based on existing UE DRX inactivity timer.  FFS whether inactivity timer or short DRX timer should be used.
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