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Introduction
In the agreed RAN#83 WID [1], the main RAN1-led objective of UE power saving was to specify PDCCH-based power saving signal/channel.
	a) [bookmark: _Ref494215420]Specify the power saving techniques with power saving signal/channel 
i) Specify the PDCCH-based power saving signal/channel triggering UE adaptation in RRC_CONNECTED
ii) Note: this objective shall not duplicate DRX operation and impact to DRX is studied at RAN2
iii) Note: Any change of PDCCH channel coding and payload interleaver  is not in the scope


As the updated WID in RAN#84 [2], the objective of specifying PDCCH-based power saving signal/channel was further extended and refined. It was extended that the procedure of cross-slot scheduling should be specified together with PDCCH-based power saving signal/channel. It was refined that procedures triggering a MAC entity to “wake up” to monitor PDCCH at reception of the PDCCH-based power saving signal/channel for the next occurrence(s) of the drx-onDurationTimer should be specified.
	1) Specify power saving techniques with PDCCH-based power saving signal/channel triggering UE adaptation in RRC_CONNECTED mode [RAN1, RAN2, RAN4] 

a) Specify procedures triggering a MAC entity to “wake up” to monitor PDCCH at reception of the PDCCH-based power saving signal/channel for the next occurrence(s) of the drx-onDurationTimer [RAN2, RAN1]

NOTE: Any change of PDCCH channel coding and payload interleaver is not in the scope

b) Specify the procedure of cross-slot scheduling power saving techniques  [RAN1, RAN4]

NOTE: The procedure is in addition to Rel-15 cross-slot scheduling procedure


This contribution is revision of our contribution [R1-1908965] in RAN1#98.

General view of power saving signal/channel
WUS and GTS signaling
It was agreed [3] that potential DCI contents in DCI format(s) of power saving channel may include triggering the power saving techniques in time domain, frequency domain and spatial/antenna domain. 
	Agreements:
Potential DCI contents in DCI format(s), to be further investigated:
· Power saving technique associated with C-DRX–
· Essential for UE function for the C-DRX
· Wakeup – 
· UE is indicated to transition from outside Active Time to Active Time
· UE is indicated to stay at Active Time
· Go to sleep– 
· UE is indicated to transition from Active Time to outside Active Time.
· UE is indicated to stay outside Active Time
· FFS: The time of receiving the wakeup and go-to-sleep indication inside or outside Active Time.
· Cross-slot scheduling
· Triggering RS transmission
· CSI report
· Single vs. multi-cell operation
· BWP /SCell
· BWP & SCell together 
· BWP and SCell have separated fields
· MIMO layer adaptation/number of Anenna adaptation 
· May further depend on RAN4’s work
· Indication of CORESET/search space/candidate of subsequent PDCCH decoding
· PDCCH monitoring periodicity
· PDCCH skipping (skipping duration)- 
· PDCCH skipping – UE is indicated to skip number of the PDCCH monitoring occasions and stays in the Active Time
Note that 
· For the bullets in italic, there are concerns that some of which may have dependence on the ongoing SI in RAN2. 
· For the last two bullets, there are additional concerns that these are deemded by some companies to be not in the scope of the power saving WI approved so far 

The following candidates may be discussed after RAN2’s SI is completed:
· Skipping number of DRX monitoring 
· SPS activation
· DRX configuration 


In general, there are two categories for power saving signal/channel, i.e. power saving signal/channel outside the Active Time, and power saving signal/channel in the Active Time. In our view, power saving signal/channel outside the Active Time mainly has function of triggering wake-up, which can be categorized into wake-up signaling (WUS), and power saving signal/channel in the Active Time mainly has function of triggering go-to-sleep, which can be categorized into go-to-sleep signaling (GTS signaling)
The above listed power saving techniques can be triggered by WUS and GTS signaling, which is shown in the following figure.
Table 1: UE behaviors for WUS and GTS signaling in different power saving techniques
	
	WUS
	GTS signaling

	Power saving technique associated with C-DRX
	Switch to the “normal” DRX operation, i.e. transition from outside Active Time to Active Time by starting the DRX timer(s), e.g. on-duration timer
	Switch to the “power saving” DRX operation, i.e. transition from Active Time to outside Active Time by stopping the DRX timer(s), .e.g. on-duration timer.

	Cross-slot scheduling
	Use the “normal” TDRA table, i.e. semi-statically configured TDRA table
	Use the subset of the semi-statically configured TDRA table which contains the minimum K0 larger than 0

	Single vs. multi-cell operation
	Perform the “normal” CA operations
	Perform the single-cell operations

	BWP/SCell operation
	Switch to the “normal” BWP/SCell operations
	Switch to the “power saving” BWP/SCell operations

	MIMO layer adaptation/number of Antenna adaptation
	Switch to the “normal” number of MIMO layer/antenna
	Switch to the reduced number of MIMO layer/ antenna

	Indication of CORESET/search space/candidate of subsequent PDCCH decoding and  PDCCH monitoring periodicity
	Switch to the “normal” PDCCH configurations
	Switch to the “power saving” PDCCH configurations

	PDCCH skipping
	Switch to the “normal” PDCCH monitoring
	skip PDCCH monitoring occasions in a time interval


From the above table, it can be observed that WUS is used to trigger UE switching to the “normal” mode (no power saving operation), as if any power saving technique is not applied. In this meaning, WUS can be considered as a “reset” button. The reasons of that WUS is used to trigger UE switching to the “normal” mode are listed as follows.  
The first reason is that WUS should have low miss detection rate, which is included in the agreement of RAN1 AH 1901. If WUS has smaller DCI size, the corresponding miss detection rate can be reduced. 
	Agreements:
The performance evaluation of the power saving signal/channel should target the miss detection at X% and the false alarm rate at Y% with the following aspects identified for the proposed power saving signal/channel
· The target of miss detection X% and the false alarm rate at Y% as baseline for evaluation
· For power saving signal/channel for wake-up purpose, X=[0.1] and Y=[1]
· For power saving signal/channel for go-to-sleep purpose, X=[1] and Y=[0.1]
· Additional X and Y values are not precluded for the proposed power saving signal/channel based on the use cases and scenarios
· For any other purpose(s) of power saving signal/channel, companies to report X & Y values


The second reason is to make the effective time of GTS signaling “short” or “controllable”, e.g. within the current Active Time. If WUS is used to trigger UE switching to the “normal” mode, GTS signaling takes effect only within the current Active Time, i.e. UE should switch to “normal” mode automatically if triggered by WUS. It should be more robust than using the scheduling PDCCH to switch UE from the “sleep” mode to the “normal” mode, which usually works with 1% miss detection rate.
The third reason is that PDCCH-based WUS may be evolved to sequence-based WUS to further reduce UE power consumption. For sequence-based WUS, it can only convey a small number of information bits, and bits can be saved if WUS is to trigger UE switching to the “normal” mode. 
Observation 1: WUS is used to trigger UE switching to the “normal” mode.
Oppositely, GTS signaling is used to trigger UE switching to the “sleep” mode with the various “power saving” parameters. So, dynamically switching to the “sleep” mode needs more parameters than dynamically switching to the “normal” mode, because there is always tradeoff between power saving gain and system performance, e.g. throughput and latency, and the various “power saving” parameters in “sleep” mode are necessary.
Observation 2: GTS signaling is used to trigger UE switching to the “sleep” mode with the various “power saving” parameters.

Triggered by WUS
According to RAN1 agreement [4], the following power saving techniques can be triggered by WUS.
· Power saving technique associated with C-DRX (WUS)
· Cross-slot scheduling
· Triggering RS transmission
· CSI report
For cross-slot scheduling, because it can be triggered by the 1-bit indication in scheduling PDCCH, triggering it in WUS is not so necessary. For triggering RS transmission, the triggered RS can be aperiodic CSI-RS used for synchronization or measurement or beam management as soon as possible, which can be introduced. For CSI report, as an aperiodic CSI report, the UL grant for UCI transmission is needed, but the UL grant is hard to be carried in WUS. Thus, CSI report triggered by WUS is FFS.
Observation 3: The following power saving techniques can be triggered by WUS.
· Power saving technique associated with C-DRX (WUS)
· Triggering RS transmission
· FFS: CSI report

Triggering by BWP switch
In some views, some power saving techniques can be triggered by BWP switch. More specifically, the following power saving techniques can be configured as properties of a BWP.
· Indication of CORESET/search space/candidate of subsequent PDCCH decoding
· PDCCH monitoring periodicity
· MIMO layer adaptation/number of Antenna adaptation 
In our view, BWP switching signaling can be used to trigger these power saving techniques. For indication of CORESET/search space/candidate, the dynamic switching between CORESET/search space/candidate configurations may cause some issues, such as application time, handling of miss detection of triggering PDCCH, and complexity of semi-static configuration to support the dynamic switching. For PDCCH monitoring periodicity, in our view, it is a property of search space configuration, and it can be regarded as a subset of search space adaptation. On the other hand, the dynamic switching between CORESET/search space/candidate configurations can be realized by BWP switching, e.g. CORESET/search space/candidate configuration can be set for power saving purpose in initial active BWP or default BWP.
It was arguing that the number of the semi-statically configured BWPs (3 for now except BWP zero) may be insufficient, since we only considered BWP for bandwidth or numerology adaptation when we specified the maximum number of the semi-statically configured BWPs in R15. However, in typical use case, gNB may usually configure two BWPs for UE, one is initial active BWP or default BWP, the other one is BWP for traffic adaptation, e.g. throughput increase. Therefore, supporting triggering power saving techniques by BWP switching signaling may not cause increase of the number of the semi-statically configured BWPs.
Observation 4: The following power saving techniques can be triggered by BWP switch.
· Indication of CORESET/search space/candidate of subsequent PDCCH decoding
· PDCCH monitoring periodicity
· FFS: MIMO layer adaptation/number of Antenna adaptation

Triggering by MAC CE
Some power saving techniques can be triggered by MAC CE in current spec, which can be listed as follows.
· Single vs. multi-cell operation
· PDCCH skipping
For single vs. multi-cell operation, current MAC CE can switch UE between single cell and multi-cell operation through SCell activation/deactivation signaling. Because UE should perform not only PDCCH monitoring but also CSI measurement on activated SCells, it may not be feasible to use DCI to switch UE between single cell and multi-cell. It should be noted the L1-based SCell dormancy is another issue being discussed in other topics.
For PDCCH skipping, in our view, it should be triggered by GTS signaling, as discussed in the next section.
Observation 5: The following power saving techniques can be triggered by MAC CE.
· Single vs. multi-cell operation

Triggering by GTS signaling
For PDCCH skipping, current MAC CE can stop the DRX timers in the Active Time, e.g. on-duration timer through MAC CE command of DRX. In some views, it is too aggressive to change the above MAC CE to DCI. However, it was common understanding that power saving techniques to reduce PDCCH monitoring on activated SCells can be specified in R16 with possible L1 signaling (do not violate the general principle of single DRX configuration per MAC entity), as shown below. 
	Note: 
The following objective may be considered in RAN#85 pending progress on SCell dormant behaviour and will be re-evaluated in RAN#85
· Study and specify (if agreed) power saving techniques to reduce PDCCH monitoring on activated SCells for CA and DC (EN-DC in particular).  
· Solutions (e.g. power saving signal/channel, enhancing Rel-15 DRX procedure) are to be discussed
· Enhancements to Rel-15 DRX procedure can be studied further if they do not violate the general principle of single DRX configuration per MAC entity


If the reduction of PDCCH monitoring on activated SCells is introduced, we do not see the reason not to introduce the reduction of PDCCH monitoring on PCell. 
In RAN2 discussion, some companies have concern on GTS signaling may “override” DRX configuration [5]. We agree that GTS signaling shall not override DRX configuration. So, if PDCCH skipping is triggered by GTS signaling, PDCCH skipping should not have impact on RAN2 spec, which is similar to cross-slot scheduling currently being defined.
Similar to the triggering of cross-slot scheduling, GTS signaling can be implemented by enhancements of the existing scheduling DCI format. Hence, GTS signaling should be flexible enough to support PDCCH skipping, or extendable to support PDCCH skipping in the future. Furthermore, in our previous contribution [6], PDCCH skipping can be triggered together with cross-slot scheduling to further reduce UE power consumption, which can reduce the signaling overhead. 
Observation 6: The following power saving techniques can be triggered by GTS signaling.
· Cross-slot scheduling
· PDCCH skipping
· The reduction of PDCCH monitoring on PCell can be jointly discussed with the reduction of PDCCH monitoring on SCells.
· No impact on RAN2 spec.
· Signaling can be jointly designed with cross-slot scheduling

Power saving signal/channel outside the Active time
Dedicated BWP or not
It became a working assumption in RAN1#98 [7] that UE monitors the PDCCH-based power saving signal/channel outside Active Time being configured on the active BWP in an active cell.
	Working assumption:
UE monitors the PDCCH-based power saving signal/channel outside Active Time being configured on the active BWP in an active cell.   


It was proposed that WUS can be configured in a dedicated BWP in a per-UE configuration manner. It seems that UE needs to stay in the dedicated BWP outside the Active time, and switch to a target BWP after wake up. Usually, the dedicated BWP is a narrowband BWP, and UE stays in the dedicated BWP with narrowband operations, which may further save power consumption of UE.
However, if WUS is in the dedicated BWP, some background activities outside the Active time, e.g. measurement, may cause UE RF retuning, which is power consumed. To support the background activities for UE within the dedicated BWP, gNB should configure the RS to make measurement easy, and how to keep the measurement accuracy in a narrowband BWP may has additional standardization efforts. 
Therefore, the further optimization to configure WUS in a dedicated BWP can be left to the future release.
Proposal 1: Confirm working assumption: UE monitors the PDCCH-based power saving signal/channel outside Active Time being configured on the active BWP in an active cell.

CORESET
The maximum of CORESETs
It was agreed in RAN1#98 [7] that the maximum number of CORESETs for PDCCH-based power saving signal/channel outside Active Time is no larger than the max number that can be configured inside Active Time.
	Agreements:
· The maximum number of CORESETs for PDCCH-based power saving signal/channel outside Active Time is no larger than the max number that can be configured inside Active Time. 


In our view, the TCI state is associated with CORESET, so the multiple CORESETs for WUS can let gNB transmit WUS in multiple beam (multiple TCI states), which increase the robustness of detection of WUS. But this is in turn make UE power consumed in monitoring more PDCCH candidates in multiple CORESETs. In fact, with the triggered aperiodic CSI-RS by WUS, beam management can be performed as soon as possible at the beginning of DRX ON, which cause the multiple TCI states for WUS transmission is not so necessary. Frankly speaking, it is up to gNB implementation to configure how many CORESETs for WUS detection to UE.
Observation 7: It is up to gNB implementation to configure how many CORESETs for WUS detection to UE.

Dedicate CORESET or not
It became a working assumption in RAN1#98 [7] that the CORESET for power saving signal/channel outside Active Time can be associated with (in addition to search space set for power saving signal/channel) other search space set(s).
	Working assumption:
· The CORESET for power saving signal/channel outside Active Time can be associated with (in addition to search space set for power saving signal/channel) other search space set(s).


It was proposed that a dedicated CORESET can be configured to UE. Usually, the dedicated CORESET is a narrowband CORESET, and UE can monitor the less number of PDCCH candidate for WUS, and moreover UE has opportunity to perform narrowband operations to further reduce power. Furthermore, UE may monitor WUS in light sleep state to avoid staying in micro sleep state after the last SSB (TRS), as mentioned in Section 3.5.1. So, the narrowband operations for WUS is beneficial. Moreover, the change of monitoring locations in frequency domain is to be discussed in NR-U.
	Agreement:
For CORESET configuration in a serving cell with carrier bandwidth greater than LBT bandwidth, 
· For the case where a CORESET is confined within a LBT bandwidth, the search space set configuration associated with the CORESET can have multiple monitoring locations in the frequency domain (per LBT bandwidth)
· Send an LS to RAN2 informing them of this agreement and providing clarifications on the above if necessary
· Note: For scenarios in which gNB transmits PDCCH/PDSCH on a single BWP if CCA is successful at gNB for the whole BWP, CORESET(s) need not all be confined within an LBT bandwidth, and no specification impact is foreseen


Perhaps, the monitoring locations in frequency domain can be dedicated for WUS.
Proposal 2: The dedicated CORESET for power saving signal/channel outside Active Time should be studied.

Monitor occasion of WUS
Slot number
It became a working assumption in RAN1#98 [7] that more than one monitoring occasion can be configured within a slot or multiple slots before the DRX ON.
	Working assumption:
· More than one monitoring occasion can be configured within a slot or multiple slots before the DRX ON


Multiple monitoring occasion can be used to transmit WUS in a small-scale beam sweeping manner, which can increase robustness of detection of WUS. In general, multiple monitoring occasion in a period can be realized by setting the property of “duration” in the search space set configuration.
Proposal 3: Confirm the working assumption: More than one monitoring occasion can be configured within a slot or multiple slots before the DRX ON.

Offset before the DRX ON
It was agreed in RAN1#97 [4] that monitoring occasion(s) of WUS is occasion(s) with an offset before the DRX ON.
	Agreements:
The monitoring occasion(s) of the power saving signal/channel outside the Active Time is “indicated” to the UE by the gNB with an offset before the DRX ON
· “Indicated” implies the explicit signalling by higher layer signalling or implicit through the CORESET/search space
· FFS: The value and the range of offset


It was concluded in RAN1#98 [7] that there are two alternatives for the configuration of the offset of WUS to be down-selected in the next meeting.
	Conclusion:
For next meeting, down select the following two alternatives: The configuration of the offset of the PDCCH-based power saving signal/channel  
· Alt1: Dedicated configuration with offset relative to the beginning of DRX ON
· Alt2: The Offset is based on search space configuration
· FFS: whether this applies to long DRX only or long/short DRX.


In our view, PDCCH monitoring occasion(s) can be configured by search space set, but configurations in search space set may not flexible enough to align with DRX timing with the further evolution of DRX. Thus, it is better that the offset can be explicitly signaled by higher layer with parameters independent of the legacy parameters of search space set. On the other hand, monitoring occasion(s) within a slot can be configured by search space set. In addition, if WUS supports both long and short DRX cycle, the current configuration of search space set cannot support different monitoring period to fit for long and short DRX cycle. Therefore, we prefer the dedicated configuration with offset relative to the beginning of DRX ON.
Proposal 4: The dedicated configuration with offset relative to the beginning of DRX ON can be considered for the PDCCH-based power saving signal/channel outside the Active time.

Configuration of the power saving information
In our view, the new DCI format should be sufficiently flexible to enable per-UE based power saving technique and easily be extended.
In a flexible way, UE can only parse the field(s) configured to its own. In this way, the field(s) should be semi-statically configured to UE. The position of the field(s) can be semi-statically configured to UE. Moreover, the field(s) can be UE-group basis or per-UE basis. But it may be transparent to UE whether a given field is UE-group basis or per-UE basis. 
Proposal 5: For power saving signal/channel for UE to monitor outside the Active Time, the position of the field(s) per UE can be semi-statically configured to UE.

Details of DCI contents
It was agreed in RAN1#97 [4] that the potential information can be contained in WUS, which is shown as follows.
	Agreements:
Outside Active Time, the PDCCH-based power saving signal/channel is configured for triggering UE to or not to monitor the subsequent ON duration(s) 
· FFS a single vs. multiple durations, particularlly checking consistency with RAN2 agreements
Further study in the new DCI how to potentially indicate at least the following techniques (subject to further WID update):
Indicating UE to use the aperiodic RS
Aperiodic CSI-RS 
Aperiodic SRS
TRS
Triggering aperiodic CSI report
Cross-slot scheduling
Rel-15 DCI-based BWP switching
The power saving techniques can be explicitly included in the DCI contents or implicitly indicated by other techniques (e.g., BWP switching).


In our view, the fields should at least contain wakeup bit(s), by which UE can know whether to wake up or not. 
Additional RS
There are two options of UE implementation for T/F synchronization. 
· Option 1: UE monitors WUS in light sleep state, and WUS has a large AL to allow UE decoding WUS in the light sleep state at which UE is a little out of fine T/F synchronization. As described in Appendix Section A.2 and A.4, the additional RS can potentially shorten the gap between the transition and the beginning of DRX ON, and the corresponding length of micro sleep is reduced. The additional RS can reduce power consumption in Option 1.
· Option 2: UE can stay in micro sleep state between the last SSB (or TRS) and the beginning of DRX ON, UE monitors WUS in micro sleep state. In this option, the additional RS is not helpful for power saving.
The additional RS is only beneficial in Option 1. But it is required that WUS has a large AL and DCI size of WUS should be small, in order to overcome a little out of fine T/F synchronization in light sleep. Moreover, UE should be sure of the additional RS is there, otherwise, UE may have no opportunity to perform fine synchronization due to lack of SSB (or TRS). In this sense, the additional RS may be “always-there” after wake-up. To implement “always-there” after wake-up, in our view, it is not necessary to introduce the dynamic configuration of TRS, e.g. CSI-RS configuration and offset. For simplicity, the TRS acting as the additional RS can be semi-statically configured at the beginning of DRX ON, and explicitly triggering the additional RS may not be included in WUS DCI content.
Observation 8: The TRS acting as the additional RS can be semi-statically configured at the beginning of DRX ON, and explicitly triggering the additional RS may not be included in WUS DCI content.
We guess the ‘temporary RS” to be defined for fast SCell activation in MR-DC/DA is also “always-there” after wake-up. As a type of the additional RS, the so-called “temporary RS” is to be introduced in MR-DC/CA topic.
	R1-1908003	LS on NR fast Scell activation	RAN2, Qualcomm
Reply LS is necessary – Peter (Qualcomm) R1-1909558, to be revised to R1-1909855
Which is approved with updates:
· it is feasible to support temporary RS but the related benefits are still under RAN1 discussion
· include designing determining the temporary RS pattern to enable time-frequency
· Q3: add at the beginning, “From RAN1 perspective, L1 based mechanism for transitioning between ‘dormancy-like’ and ‘non dormancy-like’ behavior on activated Scells can be supported”
With final LS in R1-1909893



Rel-15 DCI-based BWP switching
For Rel-15 DCI-based BWP switching, in our view, Rel-15 BWP switching is designed for scheduling DCI with the effective time and fall back timer. But WUS is not scheduling DCI. Hence, whether Rel-15 BWP switching is a content of WUS is an FFS point.
CSI report
For triggering aperiodic CSI report, as mentioned before, how to use non-scheduling DCI to trigger aperiodic CSI report with PUSCH resource allocation is also an FFS point.
L1-based dormancy
As a combining solution for L1-based dormancy and power saving signal/channel [7], indication for L1-based dormancy of SCell may impact WUS after discussion of MR-DC/CA.
	1. RANP tasks RAN2 to define dormancy behavior under MR-DC/CA WI 
1. In parallel, in the next quarter, RAN1, in consultation with RAN2, specifies L1 based mechanism for transitioning between ‘dormancy-like’ and ‘non-dormancy-like’ behavior on activated SCells under MC-DC/CA WI. 
1. Further study will be conducted if any additional UE behavior is needed when UE is also configured for receiving PDCCH based power saving signal/channel outside active time, and, if agreed, the additional UE behavior will be specified.  
2. RAN1 chair will treat this together with dormancy discussion under MR-DC/CA WI
2. RAN2 will wait for RAN1 conclusion.  If it is agreed that additional behavior is needed for outside of active time, RAN2 chair will decide how to split the work between MC-DC/CA and Power Saving.   
1. MR-DC/CA and Power Saving WID will not be updated


Indication for L1-based dormancy of SCell may be a content of WUS, e.g. index of SCell group with “no-dormancy-like” behaviour (wake-up). It must be carefully discussed, since the payload of the index of SCell group cannot be large, otherwise miss detection rate of WUS is higher.

Summary
As a summary, we have the following proposal for DCI contents of WUS.
Proposal 6: For power saving signal/channel for UE to monitor outside the Active Time, the following content can be considered in the PDCCH-based power saving signal/channel:
· Bit(s) triggering UE to monitor the subsequent ON duration(s)
· FFS: Indicating UE to use the additional RS (the additional RS can be semi-statically configured at the beginning of DRX ON)
· FFS: Indication for L1-based dormancy of SCell
· FFS: Triggering aperiodic CSI report
· FFS: Rel-15 DCI-based BWP switching

Handling of miss detection of WUS
In GC-PDCCH based WUS there is at least one explicit bit to indicate UE whether to wake up, and this indication can be interpreted as either “to” or “not to”. The interpretation of this bit is not a critical issue. 
The possible critical issue may be the handling of miss detection of WUS, i.e. UE behaviour if miss detection of WUS happens. In our view, as a safety mode, UE should operate like being indicated to wake up, i.e. start on-duration timer and use the default configuration, if WUS is not detected successfully.  
Proposal 7: If UE does not detect power saving signal/channel for UE to monitor outside the Active Time, UE should operate like being indicated to wake up, i.e. start on-duration timer and use the default configurations.
It should be noted that to define the default configurations that are semi-static configurations the WUS DCI contents should not be too complex, otherwise the default configurations at UE side is too different from the configuration at gNB side in the WUS indication. 
Observation 9: To enable the default configurations for handling of miss detection of WUS, the WUS DCI contents should not be too complex.

Background activities at UE
In RAN1398, it was proposed that background activities at UE, such as RRM/CSI/beam/RLM measurement, are not affected by WUS. 
	Proposal for conclusion:  
From RAN1 perspective, the non-scheduled UL transmissions, such as periodic and semi-persistent CSI reports, scheduling request, PRACH, and configured grant and the background processing, such as RRM/CSI/beam/RLM measurements,  are not affected by the wakeup indication from the power saving signal/channel outside Active Time.
· Periodic and semi-persistent CSI reports are the working assumption 
· Send an LS to RAN2 on this agreement
· Note:  Possible of Relaxation of the RRM/CSI/beam/RLM measurements, if any, are not precluded and subject to RAN2/4 discussion.


It is not specified that which RS instance UE shall measure, including RRM/CSI/beam/RLM. It is up to UE implementation to choose which RS instance to measure. The specifications only specify the requirements, e.g. accuracy and measurement period, and reporting conditions. If WUS is introduced, this principle may not be modified. Maybe only the additional RS implicitly triggered by WUS can be affected, since the additional RS is useful for PDCCH monitoring in DRX ON instead of the background activities.
Proposal 8: Background activities, such as RRM/CSI/beam/RLM, are not affected by WUS. The additional RS may be not processed by UE if WUS indicate not to monitor PDCCH in the subsequent DRX ON.

Power saving signal/channel in the Active time
It was agreed in RAN1#97 [4] that power saving signal/channel in the Active time is supported by the enhancement of existing scheduling DCI formats with additional field(s) and/or repurposing the existing field(s), which is shown as follows.
	Agreements:
The indication of at least one power saving technique(s) is supported at least by the enhancement of existing scheduling DCI formats with additional field(s), if any, and/or repurposing the existing field(s), if identified, when UE is in the Active Time.     
· It applies to UE-specific search space.  
· It is FFS for the common search space.
· The at least one power saving technique(s) includes at least “Cross-slot scheduling”
· FFS: Which existing DCI formats includes the power saving information
· Whether power saving information is not included in the fallback DCI(s) (e.g., DCI format 0_0, DCI format 1_0)
· Use of non-scheduling DCI formats.
· It is FFS which field(s) is used to be repurposed for the indication of the power saving technique if the repurpose of existing field(s) is used.
· FFS: New DCI format with size aligned with existing DCI format



Cross-slot scheduling
In our mind, power saving signal for cross-slot scheduling is also a GTS signalling to trigger UE switching to the “sleep” mode with the minimum K0/K2 larger than 0. If power saving signal for cross-slot scheduling has function of wake-up, i.e. trigger UE switching to the “normal” mode (same-slot scheduling), it will cause the issue of miss scheduling. Specifically, miss detection of power saving signal to trigger UE switching to same-slot scheduling will cause UE missing some opportunities of scheduling. More severely, because switching between cross-slot scheduling and same-slot scheduling only relies on the scheduling PDCCH, if the switching is frequent, UE may miss scheduling frequently.
Proposal 9: Power saving signal for cross-slot scheduling take effects only within the current Active time.

PDCCH skipping
As discussed in Section 2.5, PDCCH skipping can be supported by the enhancement of existing scheduling DCI formats.
Proposal 10: PDCCH skipping can be supported by the enhancement of existing scheduling DCI formats.

Conclusion
PDCCH-based power saving signal/channel outside the Active Time:
Proposal 1: Confirm working assumption: UE monitors the PDCCH-based power saving signal/channel outside Active Time being configured on the active BWP in an active cell.
Proposal 2: The dedicated CORESET for power saving signal/channel outside Active Time should be studied.
Proposal 3: Confirm the working assumption: More than one monitoring occasion can be configured within a slot or multiple slots before the DRX ON.
Proposal 4: The dedicated configuration with offset relative to the beginning of DRX ON can be considered for the PDCCH-based power saving signal/channel outside the Active time.
Proposal 5: For power saving signal/channel for UE to monitor outside the Active Time, the position of the field(s) per UE can be semi-statically configured to UE.
Proposal 6: For power saving signal/channel for UE to monitor outside the Active Time, the following content can be considered in the PDCCH-based power saving signal/channel:
· Bit(s) triggering UE to monitor the subsequent ON duration(s)
· FFS: Indicating UE to use the additional RS (the additional RS can be semi-statically configured at the beginning of DRX ON)
· FFS: Indication for L1-based dormancy of SCell
· FFS: Triggering aperiodic CSI report
· FFS: Rel-15 DCI-based BWP switching
Proposal 7: If UE does not detect power saving signal/channel for UE to monitor outside the Active Time, UE should operate like being indicated to wake up, i.e. start on-duration timer and use the default configurations.
Proposal 8: Background activities, such as RRM/CSI/beam/RLM, are not affected by WUS. The additional RS may be not processed by UE if WUS indicate not to monitor PDCCH in the subsequent DRX ON.
PDCCH-based power saving signal/channel in Active Time:
Proposal 9: Power saving signal for cross-slot scheduling take effects only within the current Active time.
Proposal 10: PDCCH skipping can be supported by the enhancement of existing scheduling DCI formats.
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A.1  Signaling reliability captured in 36.300
The different characteristics of MAC and RRC control are summarized in the table below.
Table B.1-1: Summary of the difference between MAC and RRC control
	
	MAC control
	RRC control

	Control entity
	MAC
	RRC

	Signalling
	PDCCH
	MAC control PDU
	RRC message

	Signalling reliability
	~ 10-2 (no retransmission)
	~ 10-3 (after HARQ)
	~ 10-6 (after ARQ)

	Control delay
	Very short
	Short
	Longer

	Extensibility
	None or very limited
	Limited
	High

	Security
	No integrity protection
No ciphering
	No integrity protection
No ciphering
	Integrity protection Ciphering



The main difference between MAC and RRC control lies in the signalling reliability. Due to the signalling reliability, signalling involving state transitions and radio bearer configurations should be performed by RRC. Basically, all signalling performed by RRC in UTRA should also be performed by RRC also for E-UTRA.

A.2  Preparation period
A.2.1  “Group-common” preparation period
There could be a misalignment between UE-specific DRX configuration and “group-common” RS configuration within preparation period. In general, gNB may configure a group of UEs to share a common RS configuration to reduce network overhead. More specifically, the group of UEs may be served with the same beam or TRP due to their similar locations, and they process the same CSI-RS for channel tracking, for CSI acquisition and for beam tracking within preparation period. This issue has been discussed in the standardization of R15 aperiodic TRS.
Observation A1: Preparation period may have to be “group-common” to reduce network overhead, but DRX configuration is better to be UE-specific.

A.2.2  Re-sync with the existing RS
It was identified in RAN1#95 that “RS resources can be considered to assist UE in performing RRM/CSI measurement and channel time/frequency and/or beam tracking”. Recall that this issue had been discussed in TRS topic in R15 NR, it was concluded in RAN1#90bis that it is left to gNB implementation. In R15, UE may mainly rely on SSB or P-TRS for T/F tracking, and UE may have to re-sync before DRX on-duration.
	Conclusion:
Periodic SS burst and periodic TRS burst can be arranged such that the UE can utilize one SS burst and one TRS burst for AGC adjustment and T/F tracking before DRX ON
No further specification impact may be necessary


When the last occasion of SSB or periodic TRS before DRX on-duration is far away from the beginning of DRX on-duration, UE should stay in micro-sleep state for a long time, which is power consumed.
Observation A2: UE should stay in micro-sleep state after re-sync, which is power consumed.
It can be observed that UE power consumption in re-sync procedure mainly depends on the slots number in micro-sleep state. One straightforward way to reduce micro-sleep time after re-sync is to plan SSB or P-TRS close to the beginning of DRX on-duration. However, SSB is cell specific and P-TRS is group common, while DRX configuration is UE specific. For instance, {periodicity, offset} of DRX cycle of UE 1 is {40ms, 10ms}, and {periodicity, offset} of DRX cycle of UE 2 is {40ms, 20ms}, and SSB periodicity is 20ms, in this case, SSB is always close to DRX on-duration of UE 1, and far away from DRX on-duration of UE 2. 
If P-TRS is applied in example mention above, {periodicity, offset} of P-TRS of UE 1 can be {40ms, 5ms}, and {periodicity, offset} of P-TRS of UE 2 can be {40ms, 15ms}, and thereby P-TRS can be equally close to DRX on-duration of UE 1 and UE 2. However, per-UE configuration of P-TRS will cause large network overhead. This issue will be worse for multi beam deployment, since P-TRS may be different for different beam.
Observation A3: Re-sync with the existing periodic RS, such as SSB and TRS, may cause additional UE power consumption or large network overhead.

A.2.3  Additional RS
It was identified in RAN1 Ad Hoc 1901 that additional RS is beneficial to assist UE in performing e.g. fine synchronization, channel/beam tracking, and/or CSI/RRM measurements.
	Agreements:
· Capture in the TR: New section 5.2.3 “Additional RS used for UE power saving”  in TR

Additional RS is the RS provided by gNB to assist UE in performing e.g.,fine synchronization, channel/beam tracking, and/or CSI/RRM measurements in addition to the existing RS in Rel-15.  The additional RS was proposed for study for power saving schemes for e.g, UE adaptation to the DRX operation,  BWP switching, fast SCell activation, reducing PDCCH monitoring, and/or  RRM measurements.   RS design is assumed to reuse Rel-15 waveform.  Power saving signal could be used to meet the purpose of additional RS.


Additional RS can be triggered within preparation period in some cases as an optimization on top of periodic RS.

A.3  Miss detection rate of WUS
We perform a link level simulation for different DCI size. The simulation assumptions are shown in the following table.
Table A1: Assumptions of the link level simulation
	Parameters
	Value

	DCI size (excluding 24bits CRC)
	30, 12, 3 bits

	Number of symbols for CORESET
	1

	Subcarrier spacing
	30KHz

	Aggregation level
	4

	Transmission type
	Non-interleaved

	REG bundling size
	6

	Channel estimation
	Realistic

	Channel model
	TDL-B (delay spread 100ns)

	Doppler spread
	5Hz

	Number of BS antennas
	2Tx

	Number of UE antennas
	4Rx


As the simulation results, the required SNR for different DCI size is shown in the following table. 
Table A2: The required SNR for different DCI size
	
	30 bits
	12 bits
	3 bits (padding to 12 bits)

	The required SNR
	-4.5 dB
	-6.5 dB
	-7 dB


It should be noted that PDCCH always contains 24 bits CRC which cause large number of total bits and then limit the performance. It can be observed that under the above simulation assumptions AL 4 can meet the required 0.1% miss detection rate with 12bits DCI size at SNR equal to -6.5dB.

A.4  Power saving gain for WUS
In our previous contribution [9], the simple numerical evaluations with deterministic traffic model is exercised. It can be observed that power saving gain mainly is related to three points:
· The reduction in the reference energy overhead for transition, in the case power saving signal indicates NO further activity, i.e. P1 in [9]. The power saving gain is enlarged as P1 is enlarged.
· The time gap between transition and the beginning of DRX ON duration, in the case power saving signal indicates further activity, i.e. T2 in [9]. The power saving gain is enlarged as T2 is shortened.
· Length of DRX on-duration
The definition of P1/T2 can be shown in the following figure.

(1) Power saving scheme with optimization, in the case WUS indicates NO further activity

   
(2) Power saving scheme with optimization, in the case WUS indicates further activity
Figure 1: Illustration of P1, T2
For P1, if PDCCH-based WUS is detected by a low-complexity receiver, e.g. narrow-band receiver, PDCCH-based WUS may not need the full transition power, e.g. 100 units for transition from light sleep to active time. There are some methods to enable a low-complexity receiver from system perspective, e.g. narrow-band CORESET configured by gNB to reduce CCE complexity.
For T2, if PDCCH-based WUS can trigger an additional RS, the time gap can be shortened. But due to background activities and periodic activities, e.g. RRM measurement and channel tracking, UE may need to wake up periodically regardless of indication of WUS. Therefore, optimization of T2 may not be practical in realistic.
For length of DRX on-duration, it is not related to design of PDCCH-based WUS.
Therefore, PDCCH-based WUS may be designed to be detected with a low-complexity receive and to trigger an additional RS.
Observation A4: The reduction in the reference energy overhead for transition and the time gap between transition and the beginning of DRX on-duration directly impact the power saving gain. The power saving gain can be increased by the additional RS.
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