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Introduction
One of the objectives of the updated NR UE power saving WID, is for RAN2 to discuss UE assistance information for UE preferred cDRX configuration [1]:
4) Specify, if agreed, the mechanism to provide UE assistance information [RAN2, RAN1]:
· Study and select among the following UE assistance information for RAN2 by RAN#85:
power preferred information (baseline LTE PPI in a well-defined manner) and UE's preference on C-DRX, BWP and SCell configuration [RAN2].
In this contribution UE assistance signalling for UE preferred cDRX configuration is discussed further.
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cDRX configuration signalling
The cDRX can be (re-)configured using DRX-Config IE in MAC-MainConfig IE (in LTE) and MAC-CellGroupConfig (in NR) in RadioResourceConfigDedicated IE (in LTE) and CellGroupConfig (in NR) in RRC reconfiguration, setup and resume message. The cDRX for the secondary cell group in DC can be (re-)configured via the secondary cell group configuration in RRC reconfiguration message only. The cDRX configuration of the master node is provided to the secondary node via SGNB ADDITION REQUEST message enabling coordination/alignment of the cDRX configuration on master and secondary node in DC. 
cDRX configuration parameters in LTE
The DRX-Config IE includes:
· onDurationTimer
· drx-InactivityTimer				range {1, 2, …, 1920, 2560} PDCCH sub-frame
· drx-RetransmissionTimer(ShortTTI)
· drx-ULRetransmissionTimer(ShortTTI) (OP)	
· longDRX-CycleStartOffset 			range {10, 20, …, 2048, 2560} ms (longDRX-Cycle)
· shortDRX-Cycle (OP) 				range {2, 5, …, 512, 640} ms
· drxShortCycleTimer (OP)
The cDRX configuration for the SCG in case of DC is included in mac-MainConfigSCG IE in RadioResourceConfigDedicatedSCG IE in RRCConnectionReconfiguration message. It is optional for the UE to support longDRX-Cycle values of 5.12 and 10.24 sec (extendedLongDRX-r13).
cDRX configuration parameters NR
The DRX-Config IE includes:
· drx-onDurationTimer 
· drx-InactivityTimer				range {0, 1, …, 1920, 2560} ms
· drx-HARQ-RTT-TimerDL
· drx-HARQ-RTT-TimerUL
· drx-RetransmissionTimerDL
· drx-RetransmissionTimerUL
· drx-LongCycleStartOffset			range {10, 20, …, 5120, 10240} ms (drx-LongCycle)
· drx-ShortCycle	(OP)				range {2, 3, …, 512, 640} ms
· drx-ShortCycleTimer (OP)
The cDRX configuration for the SCG in case of DC is included in MAC-CellGroupConfig IE in SecondaryCellGroup IE in RRCReconfiguration message. The UE shall support longDRX-Cycle and drx-ShortCycle.
UE assistance information in LTE
The UE assistance information, related to cDRX configuration, is shortly discussed: 
When configured to provide Power Preference Indications (PPI) the UE may indicate when it prefers a configuration primarily optimized for power saving. Such indication may assist the eNB to configure connected mode parameters and connection release handling (e.g. configure long(er) cDRX cycle or release the UE, see section 16.3 in 36.300). How the UE sets the PPI bit is up to UE implementation. The UE indicates PPI preference after configuration, and upon change when the PPI prohibit timer (T340) is not running (range {0, 0.5, 1, 2, 5, 10, 20, 30, 60, 90, 120, 300, 600} sec), see section 5.6.10 in 36.331. If the UE has sent UE assistance less than 1 sec prior to handover, then the UE re-transmits the UE assistance info after handover. 
In the context of voice/video enhancements in LTE (VoLTE) the UE can indicate its preference to adjust the cDRX cycle length (type1) and/or coverage enhancement configuration (type2) using the delay budget reporting of UE assistance information [2-5]. More specifically the UE can indicate a preference to increase/decrease the configured (long) cDRX cycle length (type1) dependent on the delay requirements. The UE indicates a delay budget report after configuration, and upon change when the delay budget report prohibit timer (T342) is not running (range {0, 0.4, 0.8, 1.6, 3, 6, 12, 30} sec), see section 5.6.10 in 36.331. If the UE has sent UE assistance less than 1 sec prior to handover, then the UE re-transmits the UE assistance info after handover. 
In LTE in the context of In-Device Coexistence (IDC) the UE can send preferred DRX configuration (drx-CycleLength, drx-Offset and drx-ActiveTime) to resolve certain interference use cases.
Bandwidth preference, SPS and overheating UE assistance information is also supported in LTE, but they are not related to cDRX configuration.
UE assistance information in NR
Delay budget reporting (type1 only) and overheating UE assistance information is supported in NR (i.e. PPI signalling is not supported in NR). 
Discussion
Re-use of existing UE assistance signalling
In our view the existing UE assistance information in LTE (PPI, delay budget reporting and IDC) and NR (delay budget reporting) are not suitable to indicate the preferred cDRX configuration of the UE. It is not clear if the UE indicates PPI when it prefers a longer cDRX cycle or when would like to be released (or modify any other connected mode parameter influencing the UE power consumption). The delay budget reporting could potentially be used to indicate the UE preference to increase or decrease the configured long DRX cycle. However it is a relative preference (range -1.28 to +1.28 sec) for long DRX cycle only. Finally there is no need to indicate drx-ActiveTime which is mandatory present in drx-AssistanceInfo IE for IDC: 
Observation 1: The existing UE assistance information in LTE and NR is insufficient to indicate the UE preferred cDRX configuration.
Signalling aspects and use cases to support
In our view it makes sense to re-use the UE assistance information framework, i.e. the UE only signals its preferred cDRX configuration when configured by the NW and the prohibit timer is not running. The NW can configure preferred cDRX configuration signalling in the UE when the UE has indicated support for this feature. The UE should be allowed to signal changes in its preference, i.e. indicate a modified cDRX preference during a connection, for example when a new service/traffic type is initiated. The eNB/gNB may take the UE preference into account when reconfiguring cDRX in the UE:
Proposal 1: Introduce UE preferred cDRX configuration in the UE assistance information framework. 
RAN2 should discuss further for which use cases the UE can indicate cDRX preferences. In our view the UE assistance signalling should also be supported in LTE to support EN-DC when SRB3 in NR is not configured. In our view the UE should be allowed to indicate separate preferences for the MCG and the SCG.  In case the UE does not indicate a preference for the SCG, the NW could assume the UE has the same preferences as for the MCG apply. 
Proposal 2: RAN2 to discuss the use cases when the UE can indicate cDRX preferences. 
Proposal 3: The UE can indicate separate cDRX preferences for MCG and SCG in both LTE and NR. 
It is assumed that the UE indicates support of UE assistance information for UE preferred cDRX configuration via UE capability. But optional/mandatory aspects are likely to be discussed and agreed at a later stage. 
The UE may send UE preferred cDRX configuration after the feature is configured and the UE may send changes when drx-ConfigPreferenceProhibitTimer is not running: 
Proposal 4: The UE may send UE preferred cDRX configuration after the feature has been configured and the UE may send changes when drx-ConfigPreferenceProhibitTimer is not running.
UE preferred cDRX parameter values
It is assumed that the UE indicates its preferred cDRX configuration parameter values in DRX-ConfigPreference IE in UEAssistanceInformation message. RAN2 needs to discuss which cDRX parameters are useful for the UE to signal, i.e. which parameters to include in DRX-ConfigPreference IE. 
The main parameters determining the UE power consumption are the two parameters determining the PDCCH monitoring ratio, i.e. OnDurationTimer and LongDRX-Cycle. It is obvious that the UE prefers a short OnDurationTimer, but the NW requires a certain minimum duration to enable sufficient scheduling flexibility, i.e. there is no need to include a UE preferred OnDurationTimer. The long DRX cycle length determines the DL latency, i.e. maximum time the DL data may be delayed until the UE can be scheduled. It may be interesting for the NW to know the latency the UE can tolerate which is assumed to depend on the service/traffic type. Therefore the UE should be able to indicate the long DRX cycle value it prefers (aka delay it can tolerate). A long DRX cycle up to 10,24 sec is supported, but it is likely that without UE assistance information a much shorter/conservative DRX cycle length is configured by the NW:   
Proposal 5: Introduce longDRX-CyclePreference in DRX-ConfigPreference IE.
A suitable DRX inactivity timer depends on the traffic characteristics, e.g. when the traffic is predictable and periodic a short DRX inactivity time can be used, and when the traffic is more unpredictable and stochastic of nature a longer DRX inactivity time is appropriate. The UE may have knowledge from the upper layers what service/traffic type is used, and thus provide a preference for the DRX inactivity time to use:
Proposal 6: Introduce drx-InactivityTimerPreference in DRX-ConfigPreference IE.
Configuration of short DRX cycle is optional. When short DRX cycle is configured the UE first drops into a short DRX when there is no data activity, and when there is no data activity after drx-ShortCycleTimer expires then the UE drops into long DRX. With short DRX cycle a suitable trade off between responsiveness and power saving can be found, i.e. the UE can drop into a short DRX cycle quickly and still being reachable with a short delay, before dropping into a (very) long DRX cycle and save more power. With a shortDRX-CyclePreference value the UE may indicate that it would prefer short DRX to be configured (or not), and what short DRX cycle value the UE prefers: 
Proposal 7: Introduce shortDRX-CyclePreference in DRX-ConfigPreference IE.
The drx-ShortCycleTimer determines the time after which the UE drops from short into a long DRX when there is no data activity. How quickly the UE should drop into long DRX may depend on the service/traffic type that is used, and the UE may have information about that:  
Proposal 8: Introduce drx-ShortCycleTimerPreference in DRX-ConfigPreference IE.
For the UE preferred cDRX configuration parameters discussed above it is proposed to support the value range as it exists for the cDRX configuration parameter itself:
Proposal 9: The preferred cDRX configuration parameter has the same value range as the corresponding cDRX configuration parameter.
The usefulness of the UE assistance information for UE preferred cDRX configuration depends on whether this information adds something to the information known in the gNB (or not). In our understanding the cDRX configuration should depend on the traffic pattern (e.g. periodic, or random arrival pattern) and/or service type (e.g. web-browsing, chat, streaming video over HTTP, …). The UE preferred cDRX configuration should depend on the traffic pattern and/or service type, and it would be capture this in the stage 2 description of the preferred cDRX configuration:
Proposal 10: The UE shall set the preferred cDRX configuration based on the traffic pattern and/or service type.
The NW response, if any, should be left to NW implementation. The NW has multiple UE preferences to handle, but also other considerations to take into account, such as system capacity and potential QoS profile. The eNB/gNB will ensure that the QoS level is maintained, irrespective of the UE preference signalling: 
Proposal 11: The NW maintains the negotiated QoS irrespective of the UE preferred cDRX configuration.
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[bookmark: _Toc242573361]RAN2 is kindly asked to discuss UE assistance signalling for UE preferred cDRX configuration: 
[bookmark: _Hlk15370969]Observation 1: The existing UE assistance information in LTE and NR is insufficient to indicate the UE preferred cDRX configuration.
Proposal 1: Introduce UE preferred cDRX configuration in the UE assistance information framework. 
Proposal 2: RAN2 to discuss the use cases when the UE can indicate cDRX preferences. 
Proposal 3: The UE can indicate separate cDRX preferences for MCG and SCG in both LTE and NR. 
Proposal 4: The UE may send UE preferred cDRX configuration after the feature has been configured and the UE may send changes when drx-ConfigPreferenceProhibitTimer is not running.
Proposal 5: Introduce longDRX-CyclePreference in DRX-ConfigPreference IE.
Proposal 6: Introduce drx-InactivityTimerPreference in DRX-ConfigPreference IE.
Proposal 7: Introduce shortDRX-CyclePreference in DRX-ConfigPreference IE.
Proposal 8: Introduce drx-ShortCycleTimerPreference in DRX-ConfigPreference IE.
Proposal 9: The preferred cDRX configuration parameter has the same value range as the corresponding cDRX configuration parameter.
Proposal 10: The UE shall set the preferred cDRX configuration based on the traffic pattern and/or service type.
Proposal 11: The NW maintains the negotiated QoS irrespective of the UE preferred cDRX configuration.
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