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Introduction
In this contribution DCI-based power saving adaptation is discussed. The adaptation to reduce PDCCH monitoring includes skipping PDCCH monitoring (i.e. go to sleep) and switching PDCCH monitoring periodicity. Furthermore UE assistance signalling called End-Of-Burst (EOB) related to PDCCH monitoring is discussed. 
[bookmark: _Toc242573354]Background
The proposed WID for UE Power Saving in NR submitted to RAN#83 included [1]:
1) Specify power saving techniques with UE adaptation with focus in RRC_CONNECTED mode [RAN1, RAN4]
a) Specify the power saving techniques with power saving signal/channel as the wakeup signal/channel in triggering UE adaptation to the DRX operation in RRC_CONNECTED mode
i) Specify the PDCCH-based power saving signal/channel as the wakeup signal/channel
ii) Specify DCI-based mechanism in skipping PDCCH monitoring or switching PDCCH monitoring periodicity, including when DRX is not configured 
The agreed WID in RAN#83 does not include DCI-based power saving adaptation [2].
Discussion
DCI-based power saving adaptation
In our view cDRX is the baseline power saving feature in connected mode and only enhancements coupled and complementary to cDRX should be considered. In our view there is no need for a feature that substitutes cDRX:
Proposal 1: DCI-based adaption is coupled with cDRX, i.e. only used when cDRX is configured.
The UE monitors the PDCCH with periodicity and duration as configured for the search space of the active BWP. The duration indicates the number of consecutive slots of the PDCCH occasion (2..2559 slots, default 1). The periodicity indicates the periodicity of the PDCCH occasions (2..2559 slots) including a slot offset. Switching PDCCH monitoring periodicity, does not directly impact RAN2 functionality, and should therefore not be discussed further in RAN2: 
Proposal 2: There is no need for RAN2 to study switching PDCCH monitoring.
Skipping PDCCH monitoring can be considered in addition to cDRX, provided that skipping PDCCH monitoring operates on a shorter time scale than cDRX (e.g. DRX cycle length), otherwise skipping PDCCH monitoring is not needed. Only in case skipping PDCCH monitoring operates on a “slot” time scale, it can potentially be beneficial to apply in addition to cDRX. In our view the PDCCH skip should operate while IAT timer is running, i.e. during a “traffic burst” while cDRX did not kick-in yet:
Proposal 3: Skipping PDCCH monitoring operates on a shorter time scale (slots) compared to cDRX (msec) to enable micro sleep.
NOTE: drx-InactivityTimer can be configured to 0 or 1 ms, but these are not typical settings. 
In our view, PDCCH-skip can only be beneficial, if gaps exist within a traffic burst before the cDRX Inactivity Timer (IAT) expires:
[image: ]
During a traffic burst there could be potential “gaps” due to:
· gNB scheduling
· traffic pattern (e.g. inter-active traffic, traffic source, internet delays, etc)
· UE or remote host limitation to generate traffic with available cell bandwidth
At this point in time it is not clear if gaps during a traffic burst should be anticipated in NR, and whether these gaps are of sufficient length to enable sleep periods in the UE, i.e. whether PDCCH skip command can be used: 
Proposal 4: Skipping PDCCH monitoring should be studied further only after it is clear that gaps suitable for PDCCH skipping can be assumed in NR.
NOTE: The HARQ-RTT timers (drx-HARQ-RTT-TimerDL, drx-HARQ-RTT-TimerUL) are not part of the Active Time, i.e. generate natural PDCCH-skip moment during a traffic burst. 
[bookmark: _GoBack]It is pointed out that the gNB is aware of the instantaneous DL buffer size, and instantaneous UL buffer size via BSR reporting. However, when both UL and DL buffers are empty, it is not clear for what time duration a gap will last, and whether the gNB should send a PDCCH skip command, and what PDCCH skip duration should be indicated. Furthermore it is pointed out that the gNB has already the option to use DRX command. In case the gNB has difficulty to decide when to apply the DRX command, it seems that the use of a finer time granularity PDCCH skip command is even more complicated:
Proposal 5: RAN2 should discuss why PDCCH skip is needed in addition to existing DRX commands, and how gNB would determine to use and configure the PDCCH skip command. 
UE assistance signalling
Perhaps the following statement is obvious, but UE assistance signalling should only be considered when the UE knows something that the gNB cannot know, and that might potentially be interesting for the gNB to know to configure or schedule the UE. Furthermore UE assistance information has proven to be complicated to deploy, when the feature cannot be tested (because it depends on UE implementation), when is not clearly specified how the UE should set the signalled value, and what the signalled value means in detail. 
But it can be discussed further, in case the UE signals BSR=0, whether the UE has knowledge about the expected traffic gaps size. Such information may potentially be available in the UE based on the application that is running on top, and the traffic pattern that can be expected with that application. Alternatively the UE assistance information can be based on knowledge about the delay that can be tolerated for new data that is generated after BSR=0 is generated. Perhaps the UE does not have detailed or exact knowledge about the expected instantaneous traffic gaps, but it knows that it can tolerate a certain small gap, even when new data arrives. The signalled End-Of-Burst (EOB) value can thus be interpreted as the expected gap internal until next UL/DL data, or the delay that can be tolerated after BSR=0 is signalled even when new UL or DL data becomes available before the end of the gap. This type of UE assistance signalling does not necessarily have to be signalled dynamically for every BSR=0 signalling, but could possibly be signalled semi-statically:
Proposal 6: RAN2 to study the feasibility of UE assistance signalling to indicate End-Of-Burst (EOB) to assist the use of PDCCH-skip or DRX commands.
[bookmark: _Toc242573360]Summary
[bookmark: _Toc242573361]RAN2 is kindly asked to discuss DCI-based PDCCH-skip: 
Proposal 1: DCI-based adaption is coupled with cDRX, i.e. only used when cDRX is configured.
Proposal 2: There is no need for RAN2 to study switching PDCCH monitoring.
Proposal 3: Skipping PDCCH monitoring operates on a shorter time scale (slots) compared to cDRX (msec) to enable micro sleep.
Proposal 4: Skipping PDCCH monitoring should be studied further only after it is clear that gaps suitable for PDCCH skipping can be assumed in NR.
Proposal 5: RAN2 should discuss why PDCCH skip is needed in addition to existing DRX commands, and how gNB would determine to use and configure the PDCCH skip command. 
Proposal 6: RAN2 to study the feasibility of UE assistance signalling to indicate End-Of-Burst (EOB) to assist the use of PDCCH-skip or DRX commands.
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