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1	Introduction
In Rel-16 NR, new study item (SI) on UE power saving has been agreed to be studied. The objective of the SI is to study UE power saving framework taking into account latency and performance aspects as well as corresponding impacts to a network. Some of the objectives of the study item are listed in the following [1]: 
1) Identify techniques for UE power saving study with focus in RRC_CONNECTED mode [RAN1, RAN2]

a) Study UE adaptation to the traffic and UE power consumption characteristics in frequency, time, antenna domains, DRX configuration, and UE processing timeline for UE power saving
(Note: existing UE capabilities are assumed for UE processing timeline)

i) Network and/or UE assistance information
ii) Include mechanism in reducing PDCCH monitoring, taking into account current DRX scheme
b) Study the power saving signal/channel/procedure for triggering adaptation of UE  power consumption characteristics

In this contribution, the different aspects related to UE adaptation to the traffic are discussed.
2	Discussion on UE adaptation to the traffic
2.1	Time domain
Related to the UE power saving schemes with UE adaptation to the traffic arrival in time domain, the following agreement was made in RAN1#95:
	Agreements:
RAN1 to study further following:
· UE switching to micro sleep after PDCCH reception 
· Cross-slot scheduling    
·  Minimum K0 > 0 and aperiodic CSI-RS triggering offset is not within the duration - UE could switch to micro sleep right away after PDCCH reception – no addition PDSCH and CSI-RS signals reception within the given duration (e.g. the same slot)
· It is known to the UE at PDCCH decoding
· Extended micro sleep time and reduce the PDCCH processing in reducing UE power consumption 
· FFS: whether minimum K2 > 0 is essential to avoid the requirements of fast PDCCH processing 
· Same slot scheduling 
· Adaptation of TDRA configurations to achieve UE power saving – ensure the gap between PDCCH reception and PDSCH transmission known to the UE
· Adjustment of TDRA configuration
· Selection of TDRA entry in the TDRA table (e.g. K0 > 0)
· Note: cross-slot scheduling could be incorporated in the TDRA configuration
· FFS: Power model for TDRA power saving scheme
· Multi-slot scheduling – PDCCH decoding in one slot (e.g., one DCI, multiple DCI) supports scheduled PDSCH/PUSCH transmission over multiple slots.     
· Achieving UE power consumption reduction by potentially skipping PDCCH monitoring at subsequent slots of PDSCH/PUSCH transmission.     
· Other approach(es) not precluded



Cross-slot scheduling
Under cross-slot scheduling it was left for further study whether minimum K2 > 0 is essential to avoid the requirements of fast PDCCH processing. K2 stands for the delay in slots between UL grant reception in DL and UL data (PUSCH) transmission. With K2 = 0 the PUSCH allocation would be in the same slot as the PDCCH transmitting the UL grant. Generally speaking, the UE would need to perform fast PDCCH processing when K2 = 0 even though the starting symbol for the PUSCH with mapping type B can be in the end of the slot. 
Observation 1: K2 > 0 is needed to avoid the requirements of UE’s fast PDCCH processing.
As captured in the agreement, K0 > 0 (and K2 > 0) enables power saving at the UE by allowing UE to go to “micro-sleep” after receiving symbols of the monitored CORESET in the slot meaning that UE can switch off RF after receiving the control channel symbols and process the symbols (channel estimation, demapping, demodulation and decoding) offline. UE power saving gains can be achieved without noticeable latency increase when K0 is increased moderately as shown in [4]. 
It could be further studied whether some dynamic adaptation of available K0 values according to traffic would provide additional UE power saving gain. In Rel15 available K0 values are higher layer configured. For instance, expiration of an inactivity timer could activate K0 values larger than 0 if UE is configured with K0 values being equal to zero in active data communication state. UE could be configured with two sets of K0 values, one aimed for active data transmission state and the other one for power saving state. It’s noted that BWP adaptation (e.g. switching to default BWP) supports switching to larger K0 values. 
Proposal 2: Study further mechanism(s) for dynamic adaptation of available K0 values according to traffic whether additional UE power saving gain can be achieved. 
Multi-slot scheduling
Related to multi-slot scheduling, i.e. the case where one DCI schedules multiple TTIs each with own TB, we make a simple calculation using the agreed relative power consumption values as presented in Table 1 [3GPP TR 38.840, Table 1]. We assume that UE is not required to monitor for PDCCH for e.g. UL grant in subsequent slots after PDSCH scheduling. For PDSCH-only slot we assume value 280 as defined for FR1 in [3GPP TR 38.840].
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	Power State
	Characteristics
	Relative Power 

	Deep Sleep
	Time interval for the sleep should be larger than the total transition time entering and leaving this state. Accurate timing may not be maintained.
	1 
(Optional: 0.5)

	Light Sleep
	Time interval for the sleep should be larger than the total transition time entering and leaving this state. 
	20

	Micro sleep
	Immediate transition is assumed for power saving study purpose from or to a non-sleep state
	45

	PDCCH-only
	No PDSCH and same-slot scheduling; this includes time for PDCCH decoding and any micro-sleep within the slot. 
	100

	SSB or 
CSI-RS proc.
	SSB can be used for fine time-frequency sync. and SS-RSRP measurement of the serving/camping cell. TRS is the considered CSI-RS for sync. FFS the power scaling for processing other configurations of CSI-RS.
	100

	PDCCH + PDSCH
	PDCCH + PDSCH. ACK/NACK in long PUCCH is modeled by UL power state. 
	300 

	UL
	Long PUCCH or PUSCH. 
	250 (0 dBm)
700 (23 dBm)



For a simple analysis we consider three different transmission strategies within four-slot time duration with and without HARQ ACK where assuming multiplexing of HARQ ACKs for different PDSCHs into the same single long PUCCH transmission:
· PDCCH+PDSCH in all four slots
· PDCCH + 2-slot PDSCH: PDCCH transmitted in every second slot and PDCCH allocates TB (same or different) for the same and next slot
· PDCCH + 4-slot PDSCH: PDCCH transmitted in every second slot and PDCCH allocates TB (same or different) for the same and next three slots

In Table 2 corresponding relative power consumption values are provided showing some potential, not significant though, reduction in power consumption when multi-slot scheduling is applied if the UE is not monitoring PDCCH e.g. for CSI or SRS triggering, UL grant, etc. in the slots the PDCCH for PDSCH scheduling is omitted. Taking also uplink power consumption into account achievable power consumption reduction from multi-slot scheduling decreases. Like noted above, this assumes that PDCCH monitoring is not required on subsequent slots after the multi-slot PDSCH scheduling. In practise this would require applying SPS for UL scheduling. 
[bookmark: _Ref528588222]Table 2 Power consumption comparison
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Observation 2: Multi-slot scheduling may provide some level of power saving compared to single-slot scheduling assuming UE is not monitoring PDCCH for CSI or SRS triggering, UL grant, etc., in the slots the PDCCH for PDSCH scheduling is omitted. 

2.2	DRX configuration – C-DRX enhancement
Related to the power saving scheme with UE adaptation to DRX operation the following agreement was made in RAN1#95:
	Agreements:
For power saving scheme with UE adaptation to the DRX operation for further study
·  UE adaptation of its behavior to the DRX operation for UE power consumption reduction
· Power saving signal as the signal for the indication whether to wakeup or not before or at the beginning of DRX ON duration
· At least for the indication of PDCCH monitoring

· Preparation period in advance of DRX ON, e.g., to perform channel tracking, CSI measurements, beam tracking, in preparation for the PDCCH decoding 
· Go-to-sleep signaling as the indication allowing UE going back to sleep state
· Constraints on scheduling DCI during DRX_ON

· Dynamic DRX configuration – parameters could be dynamic adapted to the traffic arrival
· Dynamic selection of DRX configuration from multiple DRX configurations to adapt to the traffic arrival
· Adaptive parameters setting of one DRX configuration 

Other power saving schemes with UE adaptation to the DRX operation are not precluded.
Note: UE background processing, e.g.,periodic RRM/CSI measurements, beam management, RLM, time/frequency tracking,  needs to be studied in accordance to UE adaptation to DRX operation.



This item can be divided to two categories:
· The power saving scheme of power saving signal triggering UE adaptation to DRX operation
· Dynamic adaptation of DRX configuration 

The power saving scheme of power saving signal triggering UE adaptation to DRX operation

From the first round of simulations (calibration simulations) with FTP and VoIP traffic captured in [3GPP TR 38.840] one can easily observe without C-DRX that UE is mostly PDCCH monitoring state. PDCCH monitoring can be reduced significantly via use of C-DRX, still keeping UE around 35 % and around 22 % in PDCCH monitoring state for FTP and VoIP traffic, respectively. Based on the results there is still strong motivation for further PDCCH monitoring reduction. 

PDCCH monitoring reduction could be achieved by configuring UE with the power saving signal before or at the beginning of the DRX ON duration to trigger UE waking up only when there is DL data arrival. The UE is not required to wake up at the DRX ON at least for PDCCH monitoring if the power saving signal is not detected. However, the same could be achieved if the ON duration is made short, e.g. one slot where UE would have one monitoring occasion. Basically, the same thing would happen: the UE would have a signal to determine whether there is data or not to the UE. 

Observation 3: Short ON duration, e.g. one slot, would reduce the PDCCH monitoring similarly as wake-up signal configured before or at the beginning of the DRX ON duration. 

Furthermore, the C-DRX was developed having a configurable ON duration length to provide gNB scheduling flexibility. If wake-up signal monitoring prior DRX ON duration is introduced, a similar configurable time window would need to be possible to configure by the network for the wake-up signal transmission to enable network scheduling flexibility.

Observation 4: To provide gNB scheduling flexibility for the wake-up signal, a configurable transmission window would need to be possible for the wake-up signal transmission (and monitoring), if wake up signal is introduced.

Regarding potential need for time and frequency tracking in preparation for the PDCCH decoding it’s our understanding that RAN4 has not defined any assumptions related to e.g. TRS availability before the DRX ON duration. It is up to UE implementation to keep track of time/frequency during DRX and measure available DL RS timely to enable DL decoding from first slot in On-Duration. RAN4 only states that UE transmission requirements apply if at least one SSB is available during the last 160 ms prior to initial transmission after DRX. Quote from [3GPP TS 38.133 v15.3.0, section 7.1.2]:

	7.1.2	Requirements
The UE initial transmission timing error shall be less than or equal to Te where the timing error limit value Te is specified in Table 7.1.2-1. This requirement applies:
-	when it is the first transmission in a DRX cycle for PUCCH, PUSCH and SRS or it is the PRACH transmission.
The UE shall meet the Te requirement for an initial transmission provided that at least one SSB is available at the UE during the last 160 ms. The reference point for the UE initial transmit timing control requirement shall be the downlink timing of the reference cell minus [image: ]. The downlink timing is defined as the time when the first detected path (in time) of the corresponding downlink frame is received from the reference cell. NTA for PRACH is defined as 0.





Therefore, before agreeing further agreements on the separate wake-up signal other than relying on existing PDCCH or DMRS of PDCCH as wake-up signal, existing C-DRX with different ON duration configurations should be used in the evaluations. 

Proposal 3: Before agreeing further agreements on the separate wake-up signal other than relying on existing PDCCH or DMRS of PDCCH as wake-up signal, different ON duration configurations should be used in the evaluations to assess potential gain from the wake-up signal against the baseline. 

Regarding the need for the go-to-sleep signal as indication allowing UE going back to sleep state NR Rel15 has already a DRX command in MAC supported. When the gNB does not have any more data to be sent to the UE, it can transmit DRX Command MAC CE to the UE. Upon reception of DRX Command MAC CE, the UE enters short DRX cycle if configured, otherwise, the UE enters long DRX cycle. Thus, introducing a new go-to-sleep signal(ing) may not be that well motivated. Also, the purpose, and benefit, of go-to-sleep signal is in practise to allow long inactivity timer applied (e.g. to avoid latency for late packets) but enable power saving earlier if data activity have been considered to have certainly ended. Other mechanism supported in Rel-15 C-DRX to allow inactivity timer to be reduced is to use short-DRX cycle. Via short DRX the power saving can be achieved without any significant impacts to the latency, as shown in [4].

Observation 5: Rel15 supports DRX Command MAC CE to order UE to enter short or long DRX cycle. Introducing a new go-to-sleep signal(ing) may not be that well motivated. 

Dynamic adaptation of DRX configuration

Last meeting conclusions hint towards introducing more dynamic DRX parameter adaptation than what can be done via higher layer signalling. In other words, it seems that L1 signalling based DRX parameter adjustment is targeted. 
Recognizing, that C-DRX is introduced to enable UE power saving by allowing UE not to monitor the DL PDCCH continuously, it is also clear that in order for the C-DRX to work (and used) it needs to work in a robust manner. I.e. UE and network understanding of the UE DRX state needs to be fully aligned. Otherwise the network cannot schedule the UE and UE will not be reachable. Impact of UE and network C-DRX misalignment can be severe and therefore current C-DRX functionality is based on higher layer control of the most important settings. Only L1 is the actual scheduling triggering In-activity timer.
Observation 6: The basic robustness of the existing C-DRX functionality needs to be ensured.
Considering that UE may have different traffic types simultaneously on-going and typically dominant traffic type will not change in slot, millisecond or even tens of milliseconds rate it is very difficult to see the need for slot or millisecond scale DRX parameter adaptation. It’s also to be noted that utilizing short DRX cycle provide means to have more dynamicity upon long DRX cycle.
Observation 7: Dominant traffic type is not expected to change in slot or millisecond rate and thus it’s not clear why the DRX parameters should be adapted more dynamically than via RRC level signalling.
The main mechanism in time domain adaptation to the traffic, in connected mode, is the C-DRX framework where UE may monitor the PDCCH discontinuously according to the configured DRX related parameters. Both short and long DRX cycles are defined. If short cycle is configured, upon expiration of drx-InactivityTimer the UE applies first short DRX cycle to determine the PDCCH monitoring windows (i.e. drx-onDuration) and then if drx-ShortCycleTimer expires the UE applies the long DRX cycle. Conversely, if the short cycle is not configured, upon expiration of drx-InactivityTimer the UE applies the long DRX cycle for the PDCCH monitoring. In addition to the autonomous mechanisms (i.e. activity based), Rel-15 supports a MAC entity based mechanism to instruct the UE to apply C-DRX directly (DRX Command MAC CE) or stop applying short DRX cycle (Long DRX Command MAC CE).
Observation 8: Existing C-DRX provides good baseline for time domain adaptation based on traffic activity. 
In a similar manner as for the wake up signal, it seems most reasonable to consider if existing C-DRX can accommodate reasonable power savings if using C-DRX efficiently. Even applying some updates to the C-DRX scheme seems more simple compared to introduction of completely new solutions addressing same problem as C-DRX is already addressing.
The Rel-15 BWP adaptation, SCell deactivation and C-DRX configuration are operating independently even though the gNB may configure bwp-InactivityTimer, sCellDeactivationTimer and drx-InactivityTimer, respectively, to have corresponding time periods.
Observation 9: BWP adaptation, SCell deactivation and C-DRX configuration are operating independently even though the gNB may configure bwp-InactivityTimer, sCellDeactivationTimer and drx-InactivityTimer, respectively, to have corresponding time periods.
2.3	Frequency domain
Related to the UE power power saving schemes for the UE adaptation in frequency domain the following agreement was made in RAN1#95:
	Agreements:
The UE power power saving schemes for the UE adaptation in frequency domain for further study are as follows, 

· BWP -  UE adaptation to different BWP
· RS to assist UE channel tracking and measurements to assist BWP switching  
· Enhancement of L1 signaling, e.g., power saving signal or DCI for power saving, in triggering the BWP switching
· Association of BWP and DRX configuration
· CA/DC – 
· Quick activation/de-activation (e.g.,L1 signaling, MAC CE enhancement) 
· Adaptation of PDCCH monitoring/search space on activated SCell 
· Power adaptation based on the operation in a group of cell in power efficient way
· CSI/RRM measurements and beam management at non-active SCell

Other power saving schemes with UE adaptation in frequency domain are not precluded.




Frequency domain adaptation is supported in Rel15 by introduction of bandwidth parts (BWPs) and switching between them. UE can be configured with multiple BWPs from which one can active at a time. The BWP switching for a Serving Cell is used to activate an inactive BWP and deactivate an active BWP at a time. The BWP switching can be controlled by the PDCCH indicating a downlink assignment or an uplink grant, by the bwp-InactivityTimer, by RRC signalling, or by the MAC entity upon initiation of Random Access procedure [3GPP TS 38.321, section 5.15].  
One of the configured BWPs can be a default BWP. If the bwp-InactivityTimer associated with the active DL BWP expires and if the default BWP is configured, the UE performs BWP switching to the default BWP. To support power saving the default BWP may be configured with:
- a narrower bandwidth compared to other BWP(s) used for data transmission and reception (frequency domain)
- scheduling offset between PDCCH carrying DCI and scheduled PDSCH K0 > 0 to allow micro-sleep (time domain)
- configuration of CORESET(s) and associated search space set(s) with fewer required blind decodes (fewer candidates per PDCCH occasion and PDCCH occasions with lower periodicity)
Observation 10: The BWP concept and BWP switching mechanisms provide a good baseline for frequency domain adaptation but also has in-built support for time domain power saving as well as allows reducing PDCCH monitoring burden when UE is in default BWP. 
In context of frequency domain adaptation, activation/deactivation of SCells can be considered also as one mechanism to adapt the UE characteristics to the prevailing traffic conditions. In a corresponding manner as for BWP adaptation, the (RRC) configured Scell can be activated or deactivated by MAC-CE. Configured and activated SCell can also be deactivated based on sCellDeactivationTimer expiry. Both mechanisms (BWP adaptation and SCell deactivation) are of course based on network operation (supported by UE assistance information), but also support autonomous adaptation to the traffic via inactivity timers. 
Observation 11: SCells activation/deactivation can be used also to provide frequency domain adaptation to enable UE power savings.
It should be noted that for BWP switching and SCell activation(/deactivation), there are corresponding delays and associated interruptions in data transmission/reception as defined in [38.133]. For BWP switching the delay/interruption are dependent on the UE type together with applied sub-carrier spacing. The currently considered values are in order of slots for each SCS i.e. [3] slots for 15 kHz, [5] slots with 30kHz, [9] slots with 60 kHz and [17] slots with 120kHz [Section 8.6.2 in 38.133]. During this time UE is not expected to receive (or transmit) data. Correspondingly for the Scell activation the delays will depend on various factors such as the applied SMTC period and whether the target Scell is known or unknown, the presence of other active cells on the band (FR2) and frequency range (FR1&FR2). Also, in case of activating (or deactivating) the SCell, UE is allowed to interrupt the reception for 1ms on any intra-band PCell or Scell(s). Hence, there is a cost implied in the BWP and SCell adaptation. As has been discussed in previous meetings the SCell dormancy concept where the UE performs only measurements on SCell but no PDCCH monitoring before activation could make the SCell activation faster without noticeable impact on UE power consumption.
Observation 12: Change in active BWP or SCell state has delays and results in delays in the data transaction. 
Observation 13: SCell dormancy concept where the UE performs only measurements on SCell but no PDCCH monitoring before activation enables faster SCell activation but is more a latency reduction feature than power saving feature.
2.4	Antenna domain
Related to antenna domain adaptation the following conclusions were made in RAN1#94bis:
· Antenna adaptation
· Adaptation of number of panels/antenna with consideration of aspects, such as CSI measurements (for both Rx/Tx) 
· Adaptation multi-antenna processing

Compared to LTE, NR introduced more extensively the spatial domain related procedures especially targeting at FR2 deployments and where also the UE may operate with more narrow beams for TX and RX than omni beams per antenna port. In a typical UE there will likely be multiple single-pol or x-pol panels located on multiple sides of the UE to provide spherical coverage in spatial domain. Depending on UE capability there may be a transceiver unit for each panel or one transceiver unit may be TDM muxed among multiple panels. At higher carrier frequencies also the operating bandwidths are wide and thus the significant power savings can be potentially achieved at the UE if the UE is able to switch off panel(s) and associated transceiver unit(s). However, to guarantee robust communication link between gNB and UE there should be evidently some means for controlled panel activation and deactivation at the UE. It’s to be noted that Rel15 doesn’t support UE panel aware beam management procedures but those are envisioned to be introduced in Rel16 (in NR MIMO Enhancements WID). 
To support UE autonomously to switch off the certain panels without introducing interruptions in transmission and reception capabilities is in some level allowed in Rel15 specifications. Currently, activation of a certain TCI state (TX beam) for the CORESET for PDCCH monitoring and activation of the TCI states for PDSCH beam indication are performed using a MAC-CE command. There is a MAC-CE activation latency that is the time between the ACK transmission for the PDSCH carrying the MAC-CE message and the time that the UE applies the MAC-CE message. It has been agreed to be 3 ms [3GPP TS 38.214, section 5.1.5]. It’s further assumed that time required by the UE to switch on the panel is less than 3 ms. The UE is then able to autonomously switch off the panel(s) that are not needed e.g. to receive DL PDCCH and DL PDSCH based on the knowledge about activated TCI states. Then, if UE receives MAC-CE to activate a TCI state requiring a panel that is currently switched off the UE may trigger the panel to switched on and because the transition time from the triggering the panel to be switched on to be ready to receive is less than the MAC-CE application latency there shouldn’t be any interruption in the link between gNB and UE as shown in Figure 1. 
[image: ]
[bookmark: _Ref509840257]Figure 1 Activation of TCI state for the UE requiring UE to switch on the panel.

Observation 14: NR Rel 15 provides some level support to allow UE to switch off the antenna panels. 
However, current mechanisms do not consider panels at the UE side explicitly (no definition for a UE panel exists) and there are no panel specific measurements to support panel specific beam selection for both downlink and uplink. Panel specific beam measurements would provide gNB information using which the gNB could select DL and UL beams in a way minimizing the amount of required active panels at the UE. Panel specific beam measurements could be established e.g. having:
· L1-RSRP measurements are tagged with a UE panel (identifier)  can be used for both UE panel aware downlink and uplink beam selection
· Associating SRS resource set(s) to a UE panel  can be used for UE panel aware uplink beam selection.

Based on the panel specific beam reports the gNB would be able to more optimally select TCI states in terms of required number of simultaneously active panels, for instance. I.e. UE power saving possibilities could be enhanced if the gNB was aware of which UE panel is required per TCI state or L1-RSRP measurement that is used to determine at gNB whether certain DL RS is to be configured as spatial relation info for the UE in uplink. The gNB would then be able to more optimally configure TCI states and UL spatial relation infos – e.g. from power saving purpose the gNB may configure UE with TCI states and spatial relation infos which require minimum number of UE panels to be active at a time. 
Observation 15: If the gNB was aware of which UE panel is required per DL RS configured for BM to determine both DL beam and UL beam, the gNB would be able to more configure TCI states and spatial relation infos – e.g. from power saving purpose the gNB may configure UE with TCI states and spatial relation infos which require minimum number of UE panels to be active at a time.
Basis for enhanced power saving possibilities would be group-based beam beam reporting, i.e. the L1-RSRP measurements would be grouped based on UE panel (identifier) or reported L1-RSRP value would indicate UE panel (identifier). 
Proposal 4: Further evaluate UE panel aware L1-RSRP reporting for enabling UE power saving.
2.5	On Reducing PDCCH Processing
Related to the power saving schemes to reduce PDCCH monitoring and blind decoding the following agreements were made in RAN1#95:
	Agreements:
The power saving schemes to reduce PDCCH monitoring and blind decoding for further studies are as follows,
· Triggering of PDCCH monitoring – dynamic trigger through L1 signal/signaling
· Power saving signal triggering PDCCH monintoring
· Go-to-sleep signaling to skip PDCCH monitoring
· PDCCH skipping - 
· DCI based indication  for PDCCH skipping (e.g., indication in DCI content, new SFI state).
· L1 signal/signaling (other than DCI) based triggering  -
· Mulitple CORESET/search space configurations 
· Configuration of different PDCCH periodicities with dynamic signaling
· Adaptation of CORSET/search space configuration – DCI/timer/HARQ-ACK based indication 
· Dynamic/semi-persistent CORSET/search space ON/OFF
· Adaptation between DRX ONduration timer and inactivitytimer
· Separated PDCCH monitoring of DL and UL
· L1 signaling triggering to assist  UE in reducing the number of PDCCH blind decoding – 
· Reduced PDCCH monitoring on SCell (including cross carrier scheduling)
· Network assistance –  RS is dynamically transmitted based on the need to assist UE performing synchronization, channel tracking, measurements and  channel estimations before PDCCH decoding 

Other power saving schemes for the reduction of PDCCH monitoring and blind decoding are not precluded.



Regarding triggering of PDCCH monitoring and skipping monitoring, i.e. dynamic trigger through L1 signal/signalling (wake-up signal for triggering monitoring and go-to-sleep signalling to skip monitoring), we discussed in 2.2 and just capture the main aspects here. 

Similar power savings as with wake-up triggering signal, prior or beginning of DRX ON duration, could be achieved if the ON duration is made short, e.g. one slot where UE would have one monitoring occasion. Basically, the same thing would happen: the UE would have a signal to determine whether there is data or not to the UE. 

[Observation 3: Short ON duration, e.g. one slot, would reduce the PDCCH monitoring similarly as wake up signal configured before or at the beginning of the DRX ON duration.] 

If wake-up signal is introduced, a similar configurable time window would be needed for the wake-up signal transmission for network scheduling flexibility.

[Observation 4: To provide gNB scheduling flexibility for the wake up signal, a configurable transmission window would need to be possible for the wake-up signal transmission (and monitoring), if wake up signal is introduced.]


As RAN4 has not defined any assumptions related to e.g. TRS availability before the DRX ON duration, before agreeing further agreements on the separate wake-up signal other than relying on existing PDCCH or DMRS of PDCCH as wake-up signal, existing C-DRX with different ON duration configurations should be used in the evaluations. 

[Proposal 3: Before agreeing further agreements on the separate wake-up signal other than relying on existing PDCCH or DMRS of PDCCH as wake-up signal, different ON duration configurations should be used in the evaluations to assess potential gain from the wake-up signal against the baseline. ]

Regarding the need for the go-to-sleep signal as indication allowing UE going back to sleep state NR Rel15 has already a DRX command in MAC supported. When the gNB does not have any more data to be sent to the UE, it can transmit DRX Command MAC CE to the UE. 

[Observation 5: Rel15 supports DRX Command MAC CE to order UE to enter short or long DRX cycle. Introducing a new go-to-sleep signal(ing) may not be that well motivated. ]

Especially in FR2 where the UE may be configured multiple CORESETs each associated to different TRPs and/or different TX beams and reception of PDCCH of different CORESET would require different panel. That is to provide robustness and diversity against blockages but also increase data rates by having multi-beam transmission capability both in downlink and uplink. Then in power saving state it would make sense that the UE would be able to switch off some of its panels. That could be done by enabling deactivation of certain CORESET(s) and thus the UE would be able to switch off the panel(s) that are associated to active TCI state of the CORESET(s). Deactivation of the CORESET may be signalled by the gNB or there could be inactivity timer per CORESET and upon expiration of the inactivity timer the UE could consider CORESET deactivated. Deactivation of CORESET also reduces blind decodes and channel estimates per monitoring occasion by deactivating search space sets associated to the deactivated CORESET.

Observation 16: It may be beneficial to support CORESET deactivation/activation at least in FR2 together with panel deactivation/activation. 

2.6	On Assistant Information for Adaptation
Related to assistant information for adaptation the following agreements were made in RAN1#95: 
	Agreements:
The UE assistance information for the power saving schemes for further studies are as follows,

·  UE assistance information/feedback to assist network in configurations for UE adaptation
· UE preferred processing timeline parameters, e.g., K0, K1, K2 values
· UE preferred BWP information/configuration
· UE preferred antenna configuration, including MIMO layers, antenna panel awareness information
· UE assistance/feedback on the DRX configurations/parameters
· UE preferred BWP provided to assist network in BWP switching
· UE request on SCell/SCG activation/de-activation/configuration
· UE preferred PDCCH monitoring parameters/search space configuration/maximum number of blind decoding

Other UE assistance information for the power saving schemes is not precluded.



Following the discussion, and considering the list of assistance information mechanisms, the main intendent of these seem to enable to UE to inform it’s preference, either towards increased traffic throughput or desire for increased power saving. E.g. triggered by application layer informing the modem (e.g. modem connection manager) that large data transfer need is to be expected or that all applications (requiring push/pull) have been closed or put to dormant state where duty cycle is limited. For example, UE requesting Scell activation or configuration, providing preferred BWP information (to wider BWP) and number of MIMO layers (to higher number) could be all considered as UE indicating, due to application layer trigger, that high data activity is expected, i.e. preference for increased traffic throughput. Correspondingly, as an example, UE requesting Scell deactivation, or relaxation of processing timeline constraints could be seen as an indication of preference for power saving. In general we think that assessment of feasibility and need for assistant information for adaption should be discussed in RAN2, but in order to facilitate the RAN2 study, RAN1 should aim to categorise the information, so that it would be clear that for which purpose the given assistance information is. E.g. in minimum, whether it is intended for UE for requesting to enable higher traffic throughput or to achieve power saving.  

Proposal 5: Assessment of feasibility and need for assistant information for adaption should be discussed in RAN2.
3	Conclusions
In this contribution we have discussed about mechanisms for UE adaptation to the traffic. Based on the discussion the following observations and proposals are made for time domain adaptation:
Observation 1: K2 > 0 is needed to avoid the requirements of UE’s fast PDCCH processing.

Proposal 2: Study further mechanism(s) for dynamic adaptation of available K0 values according to traffic whether additional UE power saving gain can be achieved.

Observation 2: Multi-slot scheduling may provide some level of power saving compared to single-slot scheduling assuming UE is not monitoring PDCCH for CSI or SRS triggering, UL grant, etc., in the slots the PDCCH for PDSCH scheduling is omitted. 
Observation 3: Short ON duration, e.g. one slot, would reduce the PDCCH monitoring similarly as wake-up signal configured before or at the beginning of the DRX ON duration.

Observation 4: To provide gNB scheduling flexibility for the wake-up signal, a configurable transmission window would need to be possible for the wake-up signal transmission (and monitoring), if wake up signal is specified.

Proposal 3: Before agreeing further agreements on the separate wake-up signal other than relying on existing PDCCH or DMRS of PDCCH as wake-up signal, different ON duration configurations should be used in the evaluations to assess potential gain from the wake-up signal against the baseline. 

Observation 5: Rel15 supports DRX Command MAC CE to order UE to enter short or long DRX cycle. Introducing a new go-to-sleep signal(ing) may not be that well motivated. 

Observation 6: The basic robustness of the existing C-DRX functionality needs to be ensured.
Observation 7: Dominant traffic type is not expected to change in slot or millisecond rate and thus it’s not clear why the DRX parameters should be adapted more dynamically than via RRC level signalling.

Observation 8: Existing C-DRX provides good baseline for time domain adaptation based on traffic activity.

Observation 9: BWP adaptation, SCell deactivation and C-DRX configuration are operating independently even though the gNB may configure bwp-InactivityTimer, sCellDeactivationTimer and drx-InactivityTimer, respectively, to have corresponding time periods.
Observation 10: The BWP concept and BWP switching mechanisms provide a good baseline for frequency domain adaptation but also has in-built support for time domain power saving as well as allows reducing PDCCH monitoring burden when UE is in default BWP. 
Observation 11: SCells activation/deactivation can be used also to provide frequency domain adaptation to enable UE power savings.
Observation 12: Change in active BWP or SCell state has delays and results in delays in the data transaction. 
Observation 13: SCell dormancy concept where the UE performs only measurements on SCell but no PDCCH monitoring before activation enables faster SCell activation but is more a latency reduction feature than power saving feature.

Observation 14: NR Rel 15 provides some level support to allow UE to switch off the antenna panels. 
Observation 15: If the gNB was aware of which UE panel is required per DL RS configured for BM to determine both DL beam and UL beam, the gNB would be able to more configure TCI states and spatial relation infos – e.g. from power saving purpose the gNB may configure UE with TCI states and spatial relation infos which require minimum number of UE panels to be active at a time.
Proposal 4: Further evaluate UE panel aware L1-RSRP reporting for enabling UE power saving.
Observation 16: It may be beneficial to support CORESET deactivation/activation at least in FR2 together with panel deactivation/activation. 

Proposal 5: Assessment of feasibility and need for assistant information for adaption should be discussed in RAN2.
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