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Introduction
The concept of Band-Width-Part, BWP, was introduced by RAN1 and has evolved during the last couple of meeting cycles. For Rel.15 only a single UL and a single DL BWP will be active at the time and the UE could be told to switch BWP by the use of a DCI message. An inactivity timer for each active non-default BWP is defined to mitigate any synchronization issues between the UE and the gNB.
The parameter settings for the bandwidthPartInactivityTimer is not yet settled and are for FFS in TS 38.331 v15.0.0. At the RAN1#91 meeting the following were agreed and proposed to be considered when defining the bandwidthPartInactivityTimer.
Agreements:
For timer-based active DL BWP (DL/UL BWP pair) switching,
· Granularity of the timer: 1 ms (subframe) for sub6, 0.5 ms (half-subframe) for mmWave
· Maximal time length of the timer: approximately 50 ms
· It’s up to RAN2’s decision on a set of exact values for the timer initial setting and whether or not to enable/disable the timer (e.g., via a very large timer value)

These RAN1 agreements have some implications on functionality and processes related to RAN2 and since it has further been agreed that the bandwidthPartInactivityTimer will be described in 3GPP TS 38.321, we will in this paper highlight some of these implications and suggest values and a value range for the bandwidthPartInactivityTimer.
[bookmark: _Ref178064866]Discussion
NR will support, that for each serving cell of a UE, one or more DL BWPs and, one or more UL BWPs to be configured by dedicated RRC. In Rel-15, there is at most one active DL BWP and at most one active UL BWP at a given time for a UE and serving cell and therefore NR will also support the case that a single scheduling DCI can switch the UE’s active BWP from one to another within a given serving cell.
It is also agreed that the for the primary cell, Pcell, a default DL BWP (or DL/UL BWP pair) can be configured/reconfigured to a UE and that if no default DL BWP is configured, the default DL BWP is the initial active DL BWP.
The agreement that the current active non-default BWP will be controlled by a timer that switches the active BWP to the default BWP when the timer expires, aims to remove any mismatch between the UE and gNB regarding what BWP that is active at any point in time. The default BWP should not be configured with such a timer since the UE would then upon expiry have no active BWP with no CORESET to monitor.
[bookmark: _Toc498327173][bookmark: _Toc498561678][bookmark: _Toc498562243][bookmark: _Toc498562264][bookmark: _Toc498619835][bookmark: _Toc498620785][bookmark: _Toc498620796][bookmark: _Toc498642017][bookmark: _Toc498644014][bookmark: _Toc502696169][bookmark: _Toc502696201][bookmark: _Toc502699768][bookmark: _Toc503200941][bookmark: _Toc503201298][bookmark: _Toc503220900][bookmark: _Toc503460252]The default BWP should not have a bandwidthPartInactivityTimer that can expire.
[bookmark: _Toc502696170][bookmark: _Hlk502691673]A simple way of realizing this behavior would be to include the value of infinity, as indicated in the RAN1 agreements above, to the value range of configurable values for the bandwidthPartInactivityTimer. It is proposed to always configure the bandwidthPartInactivityTimer for the default BWP to infinity to prevent it from ever expire.
[bookmark: _Toc502696204][bookmark: _Toc502696244][bookmark: _Toc502697287][bookmark: _Toc502699775][bookmark: _Toc503200796][bookmark: _Toc503200950][bookmark: _Toc503201306][bookmark: _Toc503220905][bookmark: _Toc503305646][bookmark: _Toc503305718][bookmark: _Toc503434130][bookmark: _Toc503460254]Include the value of infinity to the value range of configurable values for the bandwidthPartInactivityTimer.
[bookmark: _Toc503305300][bookmark: _Toc503305647][bookmark: _Toc503305719][bookmark: _Toc503434131][bookmark: _Toc503460255]Configure the bandwidthPartInactivityTimer for the default BWP to infinity to prevent it from ever expire.
[bookmark: _Toc489306319][bookmark: _Toc487550690][bookmark: _Toc488074729][bookmark: _Toc488074730][bookmark: _Toc489306321][bookmark: _Toc488074657]BWP timer configuration and DRX
If a UE is configured with C-DRX and the active DL BWP is the non-default DL BWP, it will have the timers drx-InactivityTimer, onDurationTimer and bandwidthPartInactivityTimer configured. If the drx-InactivityTimer expires and the UE enters C-DRX, depending on the value configured, it might happen that the bandwidthPartInactivityTimer expires. If the onDurationTimer is not running and the bandwidthPartInactivityTimer expires the UE will switch to the default BWP and no interruption in DRX timers are foreseen. The BWP switch will be done in the order of microseconds and the UE will then wait for a valid subframe to start the onDurationTimer and enter active mode. 
If the onDurationTimer is running, i.e. the UE is in active mode, and the bandwidthPartInactivityTimer expires, similar behavior is expected as when the onDurationTimer is not running, i.e. the BWP switch will be done in the order of microseconds and then the UE will start to monitor the configured CORESET for a valid DCI on the PDCCH on the new active default BWP. The onDurationTimer should not be affected by the BWP switch and if no valid DCI is decoded before the onDurationTimer expires, the UE will leave the active mode and wait for the next onDuration period. 
[bookmark: _Toc498619836][bookmark: _Toc498620786][bookmark: _Toc498620797][bookmark: _Toc498642018][bookmark: _Toc498644015][bookmark: _Toc502696205][bookmark: _Toc502696245][bookmark: _Toc502697288][bookmark: _Toc502699776][bookmark: _Toc503200797][bookmark: _Toc503200951][bookmark: _Toc503201307][bookmark: _Toc503220906][bookmark: _Toc503305648][bookmark: _Toc503305720][bookmark: _Toc503434132][bookmark: _Toc503460256]If the bandwidthPartInactivityTimer expires when the UE is in active time, it should not affect the drx-InactivityTimer nor the onDurationTimer.
[bookmark: _Toc502696206]Even though the DRX timers should be unaffected by the expiry of the bandwidthPartInactivityTimer the wanted behavior for a UE when entering DRX, and at the same time configured with more than just the default BWP, should be discussed. The value range for the drx-InactivityTimer is between 0ms and 2560ms and a common value used is approximately 100ms. Given the RAN1 agreement above the maximum value for the bandwidthPartInactivityTimer should be in the order of approximately 50ms. Even though the bandwidthPartInactivityTimer is restarted whenever a valid DCI is received, as opposed to the drx-InactivityTimer which is only restarted when the NDI is indicated, this value of max 50ms would force the UE to more or less always monitor the default BWP during DRX since the bandwidthPartInactivityTimer would then expire before or in the vicinity of the expiry of the drx-InactivityTimer. 
[image: ]
Figure 1 BWP shifts back and forth due to too short bandwidthPartInactivityTimer
[bookmark: _Toc502696171][bookmark: _Toc502696202][bookmark: _Toc502699769][bookmark: _Toc503200942][bookmark: _Toc503201299][bookmark: _Toc503220901][bookmark: _Toc503460253]A maximum value of approximately 50ms for the bandwidthPartInactivityTimer would force most DRX activity to the default BWP
[bookmark: _Toc502696207]Whether or not this is a wanted mandatory behavior should be discussed but it is the sourcing company view that this should be configurable, i.e. the value range of the bandwidthPartInactivityTimer should match the value range of the drx-InactivityTimer and other related timers so that it can be controlled which BWP the UE should monitor during DRX. Certain services would most certainly benefit from not switching back and forth whenever the drx-InactivityTimer expires, e.g. when different numerologies are configured on the default and non-default BWP. Depending on how the DCI message for BWP switching will be designed, i.e. if the DCI switch message can include the assigned resources for the new BWP, this could also cost the gNB an extra DCI to be sent every time the UE should be switched back to the non-default BWP. It is therefore proposed to allow values in the order of seconds for the bandwidthPartInactivityTimer.
An issue could also be when the drx-InactivityTimer has expired but retransmissions are occurring and HARQ RTT are running. If the bandwidthPartInactivityTimer expires some retransmissions could be lost.
[bookmark: _Toc502696208][bookmark: _Toc502696246][bookmark: _Toc502697289][bookmark: _Toc502699777][bookmark: _Toc503200798][bookmark: _Toc503200952][bookmark: _Toc503201308][bookmark: _Toc503220907][bookmark: _Toc503305649][bookmark: _Toc503305721][bookmark: _Toc503434133][bookmark: _Toc503460257]The maximum value for the bandwidthPartInactivityTimer should be in the order of seconds
[bookmark: _Toc481072085][bookmark: _Toc481151177][bookmark: _Toc481676833][bookmark: _Toc481739461][bookmark: _Toc481866126]The configured value of the drx-InactivityTimer reflects the reachability wanted for a UE using a specific service. Most services of NR will be the similar or the same as those in LTE but some new services are expected in NR that makes use of the short delays offered by e.g. the new numerologies. Since the most delay sensitive services also will have the highest requirement on reachability it is fair to assume that the drx-InactivityTimer will be configured with similar values as in LTE, i.e. regardless of the numerology used. The same arguments can be used for the bandwidthPartInactivityTimer and therefore, having a resolution below 1ms for numerologies above 6GHz seems not to be justified.
[bookmark: _Toc502699778][bookmark: _Toc503200799][bookmark: _Toc503200953][bookmark: _Toc503201309][bookmark: _Toc503220908][bookmark: _Toc503305650][bookmark: _Toc503305722][bookmark: _Toc503434134][bookmark: _Toc503460258]The minimum resolution of the bandwidthPartInactivityTimer is 1ms
[bookmark: _Hlk503350034]As discussed above, the value range for the bandwidthPartInactivityTimer should match the value range of the drx-Inactivity timer. There is accompanied CR for TS 38.331 [3], where the values are included but also presented below for convenience. We propose:
[bookmark: _Toc498562271][bookmark: _Toc498562328][bookmark: _Toc498562348][bookmark: _Toc498563611][bookmark: _Toc498563653][bookmark: _Toc498563792][bookmark: _Toc498619840][bookmark: _Toc498620788][bookmark: _Toc498642015][bookmark: _Toc498642124][bookmark: _Toc498644028][bookmark: _Toc502696210][bookmark: _Toc502696248][bookmark: _Toc502697291][bookmark: _Toc502699780][bookmark: _Toc503200801][bookmark: _Toc503200954][bookmark: _Toc503201310][bookmark: _Toc503220909][bookmark: _Toc503305651][bookmark: _Toc503305723][bookmark: _Toc503434135][bookmark: _Toc503460259]Add the below ASN.1 encoding and the field description for the bandwidthPartInactivityTimer to the BWP-specific configuration in TS 38.331.

bandwidthPartInactivityTimer				SetupRelease { ENUMERATED { 
												ms1, ms2, ms3, ms4, ms5, ms6, ms8, ms10, ms20, ms30, ms40,ms50, ms60, ms80,
	ms100, ms200, ms300, ms500, ms750, ms1280, ms1920, ms2560, infinity, spare9, spare8, spare7, 
													spare6,	spare5, spare4, spare3, spare2, spare1 }}	   OPTIONAL	--	Need M	
With the field description:
bandwidthPartInactivityTimer 
bandwidthPartInactivityTimer in TS 38.321 [6]. Values in ms. Value ms1 corresponds to 1 millisecond, value ms2 corresponds to 2 milliseconds and so on. 
[bookmark: _Toc494273756][bookmark: _Toc494274154][bookmark: OLE_LINK100]Conclusion
[bookmark: _Hlk503367914]In section 2 we made the following observations:
Observation 1	The default BWP should not have a bandwidthPartInactivityTimer that can expire.
Observation 2	A maximum value of approximately 50ms for the bandwidthPartInactivityTimer would force most DRX activity to the default BWP

We propose the following:
Proposal 1	Include the value of infinity to the value range of configurable values for the bandwidthPartInactivityTimer.
Proposal 2	Configure the bandwidthPartInactivityTimer for the default BWP to infinity to prevent it from ever expire.
Proposal 3	If the bandwidthPartInactivityTimer expires when the UE is in active time, it should not affect the drx-InactivityTimer nor the onDurationTimer.
Proposal 4	The maximum value for the bandwidthPartInactivityTimer should be in the order of seconds
Proposal 5	The minimum resolution of the bandwidthPartInactivityTimer is 1ms
Proposal 6	Add the below ASN.1 encoding and the field description for the bandwidthPartInactivityTimer to the BWP-specific configuration in TS 38.331.
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