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1	Introduction
UE Power Saving WID was approved in RAN#83 [1]. Further updates were made in RAN#84 [2]. The current objectives are as follows:
	The objective is to specify the UE power saving techniques with UE adaption in achieving UE power saving.  The power saving technique should address latency and performance in NR as well as network impact.  The objective of the UE power saving includes the following,

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

2) Specify the power saving techniques of UE adaptation to the maximum number of MIMO layers [RAN1, RAN2, RAN4]
a) Specify configuration of a different MIMO layer configuration of the initial/default BWP compared with other BWPs of a Serving Cell.  [RAN2, RAN4]
i) Discuss whether to also extend this to define per-BWP MIMO layer configuration [RAN1, RAN2] 

b) Evaluate if switching and interruption times for UE dynamic adaptation to the maximum number of MIMO layers are needed and which case assuming a relationship between the number of RF ports and the MIMO layer configuration [RAN4]

NOTE: Switching on/off the RF is part of the evaluation

3) Specify a mechanism for a UE to indicate its preference of transitioning out of RRC_CONNECTED state. [RAN2]

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].
· NOTE: additional UE assistance information for RAN1-specific power saving techniques to indicate what setting of parameters related to this Work Item will lead to power savings for the UE can be included if agreed in RAN1.

5) Specify network-configured mechanism to relax intra and inter-frequency RRM measurement for neighbour cells for RRC_IDLE/INACTIVE with minimal mobility performance impacts [RAN2, RAN4]
a) [bookmark: _Hlk10649837]Specify RRM measurement relaxation by allowing measurements with longer intervals, and/or by reducing the number of cells/carriers to be measured [RAN4, RAN2]
b) Define triggering criteria for the UE to move between relaxed and normal RRM measurements, that considers at least if UE is not at cell edge, or if UE is stationary or with low mobility [RAN2, RAN4].
i) Evaluate and specify requirements (if needed) depending on RAN2 criteria [ RAN4]

NOTE: No new measurement quantities should be introduced 




In this contribution, we discuss about the PDCCH-based power saving channel.
2	Discussion
2.1	On PDCCH-based power saving channel/signal
The discussion regarding the design on the power saving channel has been had over few meetings. Baed on the made agreements it has been agreed that PDCCH channel with a new DCI-format and extension of existing formant will be used to deliver the indications for the adaptation triggering, outside and inside the Active time, correspondingly. Therefore it would not seem necessary to consider introducing a new signal nor a new channel for the UE power saving purposes.
Proposal 1: No new signal nor channel is introduced for triggering adaptation of UE power saving. 
2.2	Triggered UE adaptations outside Active Time
RAN1#97 made the following agreements:
	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 general, it’s seen beneficial if the wake-up would be able to trigger BWP adaptation as well as aperiodic CSI reporting. BWP adaptation along with the wake-up would allow efficient BWP use for power saving: in out of active time the UE could use e.g. narrowband/default BWP and for the active time the gNB would have opportunity to switch to wider BWP according to the expected traffic. 
When waking up the UE to receive data it would be beneficial to get CSI as early as possible for link and rank adaptation purposes, Thus, DCI carrying wake-up trigger should also have possibility to trigger aperiodic CSI-RS measurement and reporting. For the A-CSI-RS triggering as well as resource allocation of PUSCH to carry the triggered CSI report, limited flexibility could be considered to limit the number of required bits. 
Proposal 2: DCI format used for wake-up should also have possibility to trigger BWP adaptation and trigger aperiodic CSI measurements and reporting.
It has been discussed by some companies that there should be an A-TRS (e.g. without triggering DCI) before PDCCH wake-up is transmitted to assist UE in time and frequency tracking. However, based on our understanding RAN4 specs do not mandate use of aperiodic TRS prior PDCCH reception but rather periodic TRS can be used. Thus, we see need for more clarification on possible tracking enhancements related to wake-up monitoring. In addition to time and frequency tracking, whether there is need e.g. for beam tracking prior wake-up monitoring especially in FR2 could be clarified as well.
Proposal 3: Clarify the need of RS enhancements, like DCI less A-TRS prior wake-up monitoring and CSI-RS for beam tracking in FR2. 
In addition to BWP adaptation triggering as part of the wake-up trigger, the frequency domain adaptation could be considered to cover CA domain as well. Based on current specification UE shall wake-up on all active SCells. When the amount of data to be sent to the UE is very low it could be considered to be able to limit the active cells for which the UE needs to wake-up to monitor PDCCH. For that DCI carrying wake-up triggering could have triggering possibility also in that domain, in addition to BWP domain (within a cell). There does not however appear to be need for very high degree of granularity (i.e. no per CC indication) but rather a binary type triggering command would be feasible: monitor only on PCell, or monitor on PCell and all SCells. However, benefit of this is heavily dependent on the work carried under DCCA work item to define the possible Scell states and also the delay that can be assumed for SCell activation, should it be needed. E.g. it would need to be possible to “re-enable” scheduling on the SCells quickly enough during the active time. 
Observation 1: It could be beneficial to have possibility for frequency domain adaptation in CA domain in the wake-up DCI if the latency for ‘re-enabling’ PDCCH monitoring on Scells is short enough.
In general, DCI format for triggering PDCCH monitoring in onDuration should be able to carry information bits also for
· triggering BWP adaptation
· triggering A-CSI-RS measurements and reporting including PUSCH resource allocation
· tentatively also selection whether UE needs to monitor active SCells

Assuming 2 bits for BWP adaptation, 2 bits for CSI-RS triggering (with 4 triggering states), 2 bits for PUSCH resource (4 pre-configured resources), tentatively 1 bit for fast CA activation (one or all configured CCs) and 1 bit for indicating the wake-up triggering for the given UE, the required number of bits for the DCI format may go up to or even beyond eight bits for one UE.  
Observation 2: DCI carrying the wake-up triggering outside active time needs to carry around eight bits per one UE.
2.3	Monitoring occasions for PDCCH based power saving channel for triggering wake-up
Regarding monitoring occasion for PDCCH based power saving channel for triggering wake-up outside the Active Time RAN1#97 made the following agreement:
	[bookmark: _Hlk16748351]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



Furthermore, also related to the PDCCH monitoring occasions, following agreements were made:
	Agreements:
A new RNTI (e.g., PS-RNTI) is introduced for the PDCCH-based power saving signal/channel decoding at least outside Active Time, UE-specifically configured
· FFS how to use the PS-RNTI for scrambling of the PDCCH-based power saving signal/channel

Agreements:
Support UE-specific configuration of the search space set(s) dedicated to the PDCCH-based power saving signal/channel for UE to monitor outside Active Time
· Following the principle of Rel-15 search space configuration
· FFS: the corresponding UE behaviour in monitoring the power saving signal/channel outside Active Time
· FFS whether UE can further monitor the search space set(s) inside Active Time

Agreements:
One or more PDCCH monitoring occasion of PDCCH-based power saving signal/channel is supported outside Active Time
· FFS: Whether the monitoring occasions of the  PDCCH-based power saving signal/channel in the same slot or not for multiple monitoring occasions
· FFS: whether the monitoring occasions are via search space set(s), CORESET(s), a combination thereof, etc.



Based on the agreements the UE would be “indicated” the offset before the DRX onDuration based on which the UE determines the monitoring occasions for the PDCCH based power saving channel outside the Active Time. Different options can be considered how to determine actual monitoring options:
1) Offset indicates the starting slot before the onDuration and separate parameter could provide duration in slots as illustrated in Figure 1.
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[bookmark: _Ref16749825]Figure 1 Offset indicates starting positions and separate duration field the number of slots for the monitoring before the onDuration. 
2) Offset indicates the starting slot before the onDuration from where UE starts monitoring PDCCH for wake-up until the start of the onDuration as illustrated in Figure 2.
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[bookmark: _Ref16749839]Figure 2 Offset indicates starting positions from where UE starts monitoring PDCCH for wake-up until the start of the onDuration.

3) Search space configuration is solely used to determine the monitoring occasions for wake-up outside the active time as illustrated in Figure 3. 
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[bookmark: _Ref16752293]Figure 3 Search space configuration determines the monitoring occasions of PDCCH for wake-up outside  active time.
For allow of these options some restrictions need to be established how the monitoring occasions. So in order to minimize UE’s monitoring time during outside of Active time it could make sense to limit the number of slots where to monitor power saving channel to a few slots (e.g. one or two). Thus, Option 2) above is less attractive if the X offset is large (would be required e.g. for BWP switching and A-CSI-RS for UEs reported long latencies required for the procedures if they need to be ready before onDuration). On the other hand, downside is the limited scheduling flexibility at the gNB. Similar to e.g. RMSI scheduling monitoring using default configuration, baseline could be two slots for the monitoring the PDCCH based wake-up. It’s also to be noted that only slot based monitoring, i.e. PDCCH monitoring occasions within the first 1-3 symbols, is mandatory capability for Rel15 UEs. 
In option 3) would require the search space configuration to be used to set the monitoring occasions prior the onDuration. Currently SS periodicity support period of 2560 slots, while DRX supports cycles up to 10s. Thus, either the wake-up monitoring could not be applied with longer DRX cycles or additional periodicities and offset values would need to be introduced for SS configuration and/or some additional window definition. Consequently, a preferred solution to determine the PDCCH monitoring occasions the following could be used (Option 1) above) for outside of Active time (as illustrated in Figure 4):
· X offset: defines the starting slot before the onDuration
· applicable only outside of Active time – during Active time UE determines monitoring occasions for the search space set as in Rel15
· applicable to both short and long DRX cycle
· duration: defines the number of consecutive slots where to monitor power saving channel starting from the slot defined by X offset
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[bookmark: _Ref11831602]Figure 4. X offset and duration to define monitoring occasions outside Active time.
The monitoring occasions outside active time can be configured via search space set, CORESET and additional search space set parameters X offset and duration as discussed above. 
Proposal 4: Support monitoring occasions of the PDCCH based power saving channel across multiple consecutive slots outside Active time. Starting point can be two slots. 
Proposal 5: Define the following parameters within the search space set configuration that are valid only outside of Active time – during Active time UE determines monitoring occasions for the search space set as in Rel15.
· X offset: defines the starting slot before the onDuration
· applicable only outside of Active time – during Active time UE determines monitoring occasions for the search space set as in Rel15
· applicable to both short and long DRX cycle
· offset needs to take into account reported UE capabilities related to adaptations that can be triggered by the power saving channel
· duration: defines the number of consecutive slots where to monitor power saving channel starting from the slot defined by X offset outside Active time

There can be different type of UE adaptations triggered by the wake-up with different processing and potential interruption times:
· Indication to start monitoring PDCCH during onDuration
· It is expected that this indication could be placed down to one slot before the onDuration
· BWP switching
· Allowed DCI based BWP switching delay (interrupt time at UE) is defined in [3GPP TS 38.133, section 8.6.2]:
Table 8.6.2-1: BWP switch delay
	[image: ]
	NR Slot length (ms)
	BWP switch delay TBWPswitchDelay (slots)

	
	
	Type 1Note 1
	Type 2Note 1

	0
	1
	1
	3

	1
	0.5
	2
	5

	2
	0.25
	3
	9

	3
	0.125
	6
	17

	Note 1:	Depends on UE capability.
Note 2:	If the BWP switch involves changing of SCS, the BWP switch delay is determined by the larger one between the SCS before BWP switch and the SCS after BWP switch.



· Aperiodic CSI-RS measurement and reporting
· In FR2, required number of OFDM symbols between the DCI triggering of aperiodic CSI-RS and aperiodic CSI-RS transmission is provided by UE (beamSwitchTiming) which can be 14 (1 slot), 28 (2 slots), 48 (>3 slots), 224 (16 slots) or 336 (24 slots) symbols. 

Observation 3: There can be different type of UE adaptations triggered by the wake-up with different processing and potential interruption times.
Considering the different processing times UE adaptations, there can be the following cases:
· Case 1) Triggered UE adaptations outside active time are performed before onDuration
· Case 2) Triggered UE adaptations may fall upon onDuration

As an example, let’s assume UE operating with 60 kHz SCS with the following capabilities:
· BWP switching latency 3 slots
· beamSwitchTiming 2 slots
· ThresholdSched-Offset 1 slot

In Figure 5 we illustrate the Case 1) and Case 2). There are some implications in both cases:
· Case 1:
· Long offset values are needed to support UEs with low capabilities e.g. for BWP switching
· Long offset value on the other hand diminishes potential for UE power saving
· Case 2:
· For certain triggered adaptations UE cannot monitor PDCCH in the beginning of the onDuration  needs to configure long onDuration  diminishes potential for UE power saving

It is considered that Case 2) would be preferred configuration where wake-up signal is monitored close to the beginning of the onDuration to limit additional power consumption outside active time. Then, on the other hand as noted above some adaptations like BWP switching may have processing/interrupt time such long that the beginning of the onDuration cannot be used for PDCCH monitoring. In order to keep onDuration relatively short it could be studied whether the UE’s active time could be prolonged e.g. by restarting an inactivity timer when BWP switching for instance is triggered.
Observation 4: From UE power consumption point of view monitoring occassions for triggering adaptations outside active time should be close to the beginning of the onDuration.
Observation 5: Some adaptations like BWP switching may have processing and interrupt time that prevents PDCCH monitoring in the beginning of the onDuration.
Proposal 6: Consider prolonging UE’s active time for the certain triggered adaptation like BWP switching. That could be done by restarting inactivity timer after completing the switch. 
[image: ]
[bookmark: _Ref16762202]Figure 5 Illustrations of cases where triggered UE adaptations ready before onDuration and where triggered UE adaptations fall upon onDuration.

Related to the following agreements:
	Agreements:
Support UE-specific configuration of the search space set(s) dedicated to the PDCCH-based power saving signal/channel for UE to monitor outside Active Time
· Following the principle of Rel-15 search space configuration
· FFS: the corresponding UE behaviour in monitoring the power saving signal/channel outside Active Time
· FFS whether UE can further monitor the search space set(s) inside Active Time



It’s noted that there a is maximum limit for the number of search space sets that can be configured to the UE and that each search space set can be associated only to one CORESET. Assuming multiple CORESETs configured for the UE to support e.g. multi-TRP scenario it makes sense to enable use of the search space set both in outside and inside active time. As discussed above, there could be additional parameters for the search space set configuration (X offset and duration) that are applied outside the Active time to determine monitoring occasions and then in the Active time monitoring occasions are determined based on Rel15 parameters.
Proposal 7: UE determines PDCCH monitoring occasions outside Active time based on new search space set parameters X offset and duration and inside Active time monitoring occasions are determined based on Rel15 parameters of the search space set. 

	Agreements:
· For outside Active Time, up to [3] CORESETs per BWP is supported for the power saving signal/channel outside Active Time with each CORESET associated with its TCI state and QCL assumption
· FFS details
· FFS whether any other additional handling is necessary for FR2 w.r.t. TCI state, and if so, how

Agreements:
· The CORESET for the PDCCH-based power saving signal/channel outside Active Time can be configured to index to at least one of the CORESET(S) configured for other PDCCH monitoring 
· FFS whether the indexed CORESET can be exclusively used by the PDCCH-based power saving signal/channel (i.e., not be used for other PDCCH monitoring) 
· FFS whether or not to increase the number of CORESETs relative to that in Rel-15
· FFS whether or not a BWP is dedicated for PDCCH-based power saving signal/channel




UE can be configured up to 3 CORESETs per BWP in Re115. We don’t see benefit but rather drawbacks if one introduces new special CORESETs only applied outside the active time. From network point of view and resource usage point of view it would make sense to be able to share the same CORESET configuration among UEs as much as possible within a BWP and new special CORESETs dedicated to some few UEs before each onDuration of different UEs would prevent the sharing.
Proposal 8: The same CORESET configuration is used outside and inside active time per BWP, i.e. no new special CORESET configuration is introduced applicable only outside active time. 
It’s also noted that through the use of fallback to default BWP and support of BWP switch indication in wake-up PDCCH, different CORESET configuration outside active time and inside active time can be supported – outside active time UE will fallback to using default BWP id and gNB may trigger BWP switching when triggering PDCCH monitoring during onDuration. 

2.4	On DCI Formats
2.4.1	Outside active time
Regarding the DCI format design outside active time the following agreements were made in RAN1#97:
	Agreements:
For power saving signal/channel configured outside Active Time, introduce a new DCI format for a UE, where the UE is configured to monitor the DCI format, with the power saving information for the UE in the DCI configurable by RRC
· FFS whether the DCI is in UESS or CSS or both
· FFS detailed configuration of the power saving information
· FFS the new DCI format
· Note: the same DCI may carry power saving information for one or more UEs

Agreements:
A new RNTI (e.g., PS-RNTI) is introduced for the PDCCH-based power saving signal/channel decoding at least outside Active Time, UE-specifically configured
FFS how to use the PS-RNTI for scrambling of the PDCCH-based power saving signal/channel

Agreements:
Support UE-specific configuration of the search space set(s) dedicated to the PDCCH-based power saving signal/channel for UE to monitor outside Active Time
· Following the principle of Rel-15 search space configuration
· FFS: the corresponding UE behaviour in monitoring the power saving signal/channel outside Active Time
· FFS whether UE can further monitor the search space set(s) inside Active Time




Continuing discussion from previous section, DCI content for one UE outside active time could be constructed as follows:
· triggering BWP adaptation
· 2 bits
· triggering A-CSI-RS measurements and reporting including PUSCH resource allocation
· 2 bits for CSI-RS triggering (with 4 triggering states)
· 2 bits for PUSCH resource (4 pre-configured resources)
· triggering PDCCH monitoring in onDuration
· 1 bit
· tentatively triggering/disabling Scell(s) monitoring
· [1] bit 

Proposal 9: Consider the following information elements for one UE in the new DCI format outside active time:
· triggering BWP adaptation
· 2 bits
· triggering A-CSI-RS measurements and reporting including PUSCH resource allocation
· 2 bits for CSI-RS triggering (with 4 triggering states)
· 2 bits for PUSCH resource (4 pre-configured resources)
· triggering PDCCH monitoring in onDuration
· 1 bit
· tentatively triggering/disabling Scell(s) monitoring
· [1] bit 

In the following we analyse performance detection of PDCCH based power saving channel assuming 10 bits payload per UE and assume the channel to be transmitted up to four UEs, i.e. up to 40 bits payload. The miss-detection rate performance of PDCCH power saving channel is evaluated with link-level simulations in TDL-C 100ns with 15kHz sub-carrier-spacing and carrier central frequency 4GHz. Appendix A provides the used simulation assumption as well as results with 15kHz sub-carrier-spacing and carrier frequency of 4GHz in TDL-C 300ns channel. Outside active time target miss-detection rate is 0.1%. 
Figure 6 shows the miss-detection performance comparison of Rel-15 PDCCH configurations for the outside of active time with different payload sizes, i.e. 10, 20 and 40 bits with different aggregation levels (AL=2,4,8,16), corresponding to different amount of PRBs (12, 24, 48, 96), respectively. False alarm rate is kept as 1 %. Considering 0dB SNR point as a target level, for the payload size of 40 bits with at least aggregation level 8 needs to be used to achieve miss detection rate 0.1 %. 
Observation 6: Up to four UEs can be supported in group based PDCCH power saving channel with  ~10 bits per UE. 

  [image: ]
[bookmark: _Ref16603816]Figure 6. Comparison of miss-detection performance for the outside of active time with different PDCCH ALs with different DCI payload sizes in TDL-C 100 ns channel w/ velocity of 3km/h and SCS=15kHz.

2.4.2	Inside active time
	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




Inside active time we consider that additionally only cross-slot scheduling adaptation technique should be supported. Other triggering adaptations inside active time are already supported by existing DCI format(s) (BWP switch, A-CSI-RS triggering). 
Proposal 10: Support additionally only cross-slot scheduling adaptation in the DCI format inside active time. 
Cross-slot scheduling adaptation would require additional two bits (assuming up to three possible parameter sets for minimum applicable value and one entry for explicit disabling command of earlier indicated minimum applicable value) to be added upon existing DCI formats. It would make sense to support cross slot scheduling adaptation only with DCI formats 0_1 and 1_1, i.e. not with fallback DCI(s). The other possible adaptation triggers like BWP switching, A-CSI-RS triggering are supported only in 0_1 and 1_1 as well while fallback DCI(s) are kept compact. 
Proposal 11: Define additional two-bit field to DCI formats 0_1 and 1_1 for cross-slot scheduling adaptation. 
In the following we analyse performance detection of PDCCH based power saving channel assuming inside active time where two-bit cross-slot adaptation triggering field to 1_1 DCI format. Simulation parameters and assumptions are the same as in previous section but now using 1 % miss detection rate target. 
Figure 7 shows the miss-detection performance comparison with different aggregation levels (AL=2,4,8,16) inside of active time. As can be seen, by increasing DCI payload size with few bits with respect to existing DCI formats, the detection performance with a specific AL is not heavily impacted. Therefore, from the detection performance perspective, a few-bit extension can be seen as a feasible approach.  
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[bookmark: _Ref16667762]Figure 7. Comparison of miss-detection performance for the inside of active time with different PDCCH ALs with different DCI payload sizes in TDL-C 100 ns channel w/ velocity of 3km/h and SCS=15kHz.



Observation 7: When increasing of DCI payload size with few bits with respect to existing DCI formats, PDCCH detection performance is not significantly impacted. Therefore, from the perspective of performance, a few-bit extension of existing DCI formats can be seen as a feasible approach.  

2.5	Failure Detection for wake-up

[bookmark: _Hlk16775446][bookmark: _Hlk16775659]One aspect raised in past meetings in context of wake-up PDCCH monitoring outside the Active time, is the handling on beam failure. In a Rel-15 beam failure recovery a beam failure instance is indicated by L1 to L2 when all the BFD-RS in set of q0 are estimated to be in failure condition. Even if one BFD-RS is not in failure condition no instance is indicated to L2. The procedure is similar inside and outside active time, while when C-DRX is applied UE is allowed to have longer latency for the detection of the failure. As a result the beam failure detection procedure is not able not track specifically just one or specific set of the PDCCH links the efficient beam failure detection in case of wake-up signal may require additional consideration.
In Rel-15, RLM and beam failure recovery, detection and eventually recovery is triggered when all the monitored links are estimated to be in failure condition. UE performs failure detection also in DRX and attempts to recover when all links fail (BFR), it would be able to recover using BFR but e.g. in case WUS link is in failure condition the recovery procedure would not be triggered 

In a release Rel-15 beam failure recovery a beam failure instance is indicated by L1 to L2 when all the BFD-RS in set of q0 are estimated to be in failure condition. Even if one BFD-RS PDCCH beam is not in failure condition no instance is indicated to L2. The procedure is similar inside and outside active time, while when C-DRX is applied UE is allowed to have longer latency for the detection of the failure. As a result, the beam failure detection procedure is not able not track specifically just one or specific set of the PDCCH links the efficient beam failure detection in case of wake-up signal may require additional consideration.
One of the potential configuration options for PDCCH based power saving signal/channel is that it corresponds to at least one of the configured TCI State for PDCCH reception. Considering this from the current beam failure detection perspective, it may mean that the beam used for monitoring power saving signal can be the only beam in failure condition (while no other TCI states are) but no beam failure instance is indicated to L2, no beam failure can be detected, and no recovery initiated. Effectively this may mean that UE is not able to decode the transmission of PDCCH based power saving signal but has no means to quickly recover from this situation. Additionally, network is not necessarily aware of UE condition or it may take relatively long time for network to notice it. Even in this case network can only wait for UE to trigger failure recovery. Also, DRX, the beam failure detection is done less frequently (in more relaxed manner) i.e. the indication interval is scaled according to the DRX cycle length. Thus, even if all beams are in failure condition, the declaration of beam failure may take relatively long time.
 One potential approach to solve this could be to enhance current beam failure detection procedure to allow UE to e.g. trigger beam failure recovery based on the quality of the RS corresponding to the PDCCH based power saving signal. This would enable the UE to start recovery procedure according to Rel-15 mechanisms
Furthermore, to proactively prevent such failure conditions, network could also configure UE with periodic beam reporting during the on-duration or every Nth on duration. Based on the UE reporting it would be able perform beam management actions, TCI state reconfiguration etc. However, when PDCCH based power saving signal/channel is configured, network may not able to reconfigure/perform beam management for UE if it has not indicated UE to wake up. After UE has performed beam reporting (e.g. on PUCCH) UE is not monitoring PDCCH. In one approach, when power saving signal/channel is configured and UE is configured to report during the on-duration, it would be required to monitor the PDCCH on duration or at least a part of the on duration after it has sent the beam report.

Proposal 12: Define failure detection and recovery mechanism for wake-up link.


3	Conclusions
In this contribution we have discussed about PDCCH-based power saving signal/channel design. 
The following observations and proposal were made: 
Proposal 1: No new signal nor channel is introduced for triggering adaptation of UE power saving. 
Proposal 2: DCI format used for wake-up should also have possibility to trigger BWP adaptation and trigger aperiodic CSI measurements and reporting.
Proposal 3: Clarify the need of RS enhancements, like DCI less A-TRS prior wake-up monitoring and CSI-RS for beam tracking in FR2. 
Observation 1: It could be beneficial to have possibility for frequency domain adaptation in CC domain in the wake-up DCI if the corresponding latency is short enough.
Observation 2: DCI carrying the wake-up triggering outside active time needs to carry around ten bits per one UE.
Proposal 4: Support monitoring occasions of the PDCCH based power saving channel across multiple consecutive slots outside Active time. Starting point can be two slots. 
Proposal 5: Define the following parameters within the search space set configuration that are valid only outside of Active time – during Active time UE determines monitoring occasions for the search space set as in Rel15.
· X offset: defines the starting slot before the onDuration
· applicable only outside of Active time – during Active time UE determines monitoring occasions for the search space set as in Rel15
· applicable to both short and long DRX cycle
· offset needs to take into account reported UE capabilities related to adaptations that can be triggered by the power saving channel
· duration: defines the number of consecutive slots where to monitor power saving channel starting from the slot defined by X offset outside Active time

Observation 3: There can be different type of UE adaptations triggered by the wake-up with different processing and potential interruption times.
Observation 4: From UE power consumption point of view monitoring occassions for triggering adaptations outside active time should be close to the beginning of the onDuration.
Observation 5: Some adaptations like BWP switching may have processing and interrupt time that prevents PDCCH monitoring in the beginning of the onDuration.
Proposal 6: Consider prolonging UE’s active time for the certain triggered adaptation like BWP switching. That could be done by restarting inactivity timer after completing the switch. 
Proposal 7: UE determines PDCCH monitoring occasions outside Active time based on new search space set parameters X offset and duration and inside Active time monitoring occasions are determined based on Rel15 parameters of the search space set. 
Proposal 8: The same CORESET configuration is used outside and inside active time per BWP, i.e. no new special CORESET configuration is introduced applicable only outside active time. 
Proposal 9: Consider the following information elements for one UE in the new DCI format outside active time:
· triggering BWP adaptation
· 2 bits
· triggering A-CSI-RS measurements and reporting including PUSCH resource allocation
· 2 bits for CSI-RS triggering (with 4 triggering states)
· 2 bits for PUSCH resource (4 pre-configured resources)
· triggering PDCCH monitoring in onDuration
· 1 bit
· tentatively triggering/disabling Scell(s) monitoring
· [1] bit 

Observation 6: Up to four UEs can be supported in group based PDCCH power saving channel with  ~10 bits per UE. 
Proposal 10: Support additionally only cross-slot scheduling adaptation in the DCI format inside active time. 
Proposal 11: Define additional two-bit field to DCI formats 0_1 and 1_1 for cross-slot scheduling adaptation. 
Observation 7: When increasing of DCI payload size with few bits with respect to existing DCI formats, PDCCH detection performance is not significantly impacted. Therefore, from the perspective of performance, a few-bit extension of existing DCI formats can be seen as a feasible approach.  
Proposal 12: Define failure detection and recovery mechanism for wake-up link.

Appendix A. Further simulation results
[bookmark: _Ref534935307]Table 1 Link-level simulation parameters for detection performance evaluation.
	Parameter
	Value

	Carrier frequency 	
	4GHz

	Carrier frequency offset 	
	400Hz

	Subcarrier spacing 	
	15kHz

	Number of TX/RX antennas 	
	2/2

	UE speed 	
	3km/h

	DCI payload sizes
	10, 20, 40,60

	PDCCH ALs
	2,4,6,8,16

	CORESET
	1 symbol, 96 PRBs



Table 2 summarizes required SNR values to achieve miss-detection rate <1% for PDCCH power saving channel inside of active time with 15 kHz sub-carrier-spacing in TDL-C 100ns channel.

[bookmark: _Ref16671379]Table 2 Required SNR levels to achieve miss-detection rate < 1% for PDCCH power saving channel with different DCI payload sizes and ALs.
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Figure 8. Comparison of miss-detection performance with different Rel-15 PDCCH ALs with different payload sizes at the outside of active time in TDL-C 300 ns channel w/ velocity of 3km/h and SCS=15 kHz. 

[bookmark: _Ref1140394][image: ]
Figure 9. Comparison of miss-detection performance with different Rel-15 PDCCH ALs with different payload sizes at the inside of active time in TDL-C 300 ns channel w/ velocity of 3km/h and SCS=15 kHz. 
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