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Introduction
In RAN1 #98 meeting, the following agreements regarding power saving signal/channel were made.
Working assumption:
· More than one monitoring occasion can be configured within a slot or multiple slots before the DRX ON

Agreements:
· The new DCI format for power saving signal/channel is configured to be monitored at least in CSS.  
· FFS for UESS

Agreements:
· The CRC of new DCI format for power saving signal/channel is scrambled by PS-RNTI outside 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. 

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).

Working assumption:
UE monitors the PDCCH-based power saving signal/channel outside Active Time being configured on the active BWP in an active cell.   

Agreements:
· Scheduling DCI format(s), 1-1 and/or 0-1 are enhanced to include the configurable additional field of 1-bit dynamic indication of cross-slot scheduling in the Active Time in Rel-16.  

Agreements:
· Power saving information using DCI formats 0_0/1_0 is not supported

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 RAN2 #107 meeting, the following agreements were made for power saving signal/channel outside Active Time.

Agreements:
1. The PDCCH-WUS triggers a MAC entity to “wake up” to monitor PDCCH at reception of the PDCCH-based power saving signal/channel for the next occurrence of the drx-onDurationTimer. 
2. The PDCCH-WUS is considered jointly with DRX i.e. it is only configured when DRX is configured.
3. The PDCCH-WUS is monitored at occasions located at a configured offset before the start of the drx-onDurationTimer. The offset is part of physical layer design.
4. On a PDCCH-WUS occasion that a UE is monitoring, if the UE is indicated to wake-up to monitor the PDCCH during the next occurrence of the drx-onDurationTimer, the UE starts the drx-onDurationTimer at its next occasion. Otherwise it does not.
5. From RAN2 point of view the UE does not monitor WUS during active time.
6. If UE is in DRX Active Time during a PDCCH-WUS occasion, it starts the drx-onDurationTimer at its next occasion as in legacy.
7. The WUS is configured on the PCell with CA and SpCell with DC (i.e. PCell on MCG and PSCell on SCG) 
8. RLM and RRM measurements are not impacted by WUS design (i.e. the UE continues to measure the required reference signals as per RRM requirements)

In this work, we provide our views on the remaining details of power saving signal/channel. In Section 2, the UE behaviour on power saving signal/channel monitoring and CORESET/search space configurations are discussed. Section 3 further considers the DCI format and contents for triggering potential power saving techniques outside Active time. Finally, Section 4 discusses the required higher layer parameters for power saving signal/channel.

Power saving signal/channel monitoring and CORESET/search space configurations
For triggering adaptation within Active Time, the UE monitoring behaviour can follow the principle of Rel-15 PDCCH. But for the power saving signal/channel monitored outside Active Time, there are remaining details should be discussed. In last meeting, RAN2 had conclusions on some FFS in RAN1. The following observations summarize some design principles of power saving signal/channel outside Active Time from RAN2. 

[bookmark: _Ref20933278]Observation 1: According to the agreements in RAN2 #107 meeting, UE does not monitor power saving signal/channel for wakeup during Active Time. If the monitoring occasion(s) is during Active Time, the next drx-onDurationTimer is started as legacy.

[bookmark: _Ref20933285]Observation 2: According to the agreements in RAN2 #107 meeting, power saving signal/channel for wakeup is only configured on PCell/PSCell.

DRX impact on power saving signal/channel
One FFS regarding DRX is whether power saving signal/channel can trigger UE to skip PDCCH monitoring in DRX short cycle. Intuitively, the power saving gain can be further enlarged by applying power saving signal/channel to DRX short cycle if there is no scheduled data in those cycles. But how large the benefit can be achieved is highly dependent on the configured number of short cycle timer. In addition, if there is no traffic for UE (therefore, there will not be any data scheduling in the following DRX short cycles), NW can configure long DRX MAC CE to allow UE to go to DRX long cycle directly for power saving. Figure 1 shows one drawback of further applying power saving signal/channel to DRX short cycle. In Figure 1, we assume UE #1 and UE #2 share the same power saving signal/channel, i.e., they are in the same group. Because the starting slot of DRX short cycle is relevant to traffic and data scheduling, it is very likely that UEs in the same group have different starting slots for switching to DRX short cycle as shown in Figure 1. Therefore, the signaling overhead is increased significantly.
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[bookmark: _Ref20928004]Figure 1: Illustration of DRX long/short cycle

[bookmark: _Ref20933303]Observation 3: If there is no traffic intended to UE, instead of applying power saving signal/channel to DRX short cycle to save power, NW can configure long DRX MAC CE to allow UE to go to DRX long cycle directly. In addition, the signaling overhead for applying power saving signal/channel to DRX short cycle might be high because it is very likely that UEs in the same power saving signal/channel group have different starting slots of DRX short cycle. 

[bookmark: _Ref16770882]Proposal 1: Power saving signal/channel is only associated with DRX long cycle.

Power saving signal/channel monitoring in case of multiple BWPs
One FFS regarding BWP is whether power saving signal/channel is configured in a dedicated BWP, i.e., the BWP is only configured for monitoring power saving signal/channel. In our opinion, it is up to NW to configure power saving signal/channel in one or more than one BWP, but UE only monitors the signal/channel on active BWP. One reasonable configuration is power saving signal/channel is configured in default BWP. UE monitors the signal/channel when it goes back to default BWP due to expiration of BWP timer, i.e., no data activity for a period of time. And the default BWP can be configured with a small BW to further save UE power in monitoring the signal/channel.

[bookmark: _Ref20933336]Proposal 2: Confirm the 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/search space configurations
It was agreed that new DCI format is introduced for power saving signal/channel outside Active Time, and the DCI format is configured to be monitored at least in CSS. USS is FSS. Considering the NW flexibility to minimize the resource overhead for power saving signal/channel, the DCI format can be monitored in CSS with configurable format size. One DCI can carry the power saving information to one or multiple UEs. The format size can be adjusted according to the UE number in a group. If none of UEs in a group should be woken up, NW doesn’t have to transmit the power saving signal/channel to save resource overhead. And when UE does not detect the power saving signal/channel, it assumes there is no PDCCH monitoring needed in the subsequent DRX OnDuration.

[bookmark: _Ref16770921]Observation 4: Configurable DCI format size for power saving signal/channel outside Active Time is helpful to minimize the resource overhead and to allow backward compatibility for later release to introduce more power saving techniques.

[bookmark: _Ref16770929]Proposal 3: Support configurable DCI format size for power saving signal/channel outside Active Time.

[bookmark: _Ref20933362]Proposal 4: When CRC check fails for detecting power saving signal/channel outside Active Time, the UE does not monitor PDCCH in the subsequent DRX OnDuration.

Another FFS regarding search space configurations is how to configure the monitoring occasion(s) for power saving signal/channel. According to the conclusion drawn in last meeting, the following two alternatives will be further down selected.
· Alt1: Dedicated configuration with offset relative to the beginning of DRX ON
· Alt2: The Offset is based on search space configuration

For Alt 2, the offset can be specified by extending the value range of monitoringSlotPeriodicityAndOffset in Rel-15 RRC parameter to support power saving signal/channel monitoring. However, it is not so easy because the DRX cycle is configured in “ms” while the monitoringSlotPeriodicityAndOffset is configured in “slot”. Alt 1 is a simpler way to introduce a dedicated offset. Because the monitoring occasions can be configured in one or more than one slot corresponding to one or more than one search space/CORESET, the offset can be present in the search space configuration to indicate the gap between the slot of monitoring occasion(s) and the initial slot of DRX OnDuration.
[bookmark: _Ref16770949]
Proposal 5: Introduce a dedicated slot offset in search space configuration to indicate the slot offset between power saving signal/channel and the initial slot of DRX OnDuration.

From RAN2 agreements, the power saving signal/channel is configured before DRX OnDuration, that is, the gap between monitoring occasion(s) and initial slot of DRX OnDuration is larger than 0. From the perspective of UE, the offset should be large enough to leave sufficient time for UE to transit from Inactive Time, e.g., low clock/voltage, to Active Time, e.g., high clock/voltage. The transition time is relevant to SCS. Generally, it is feasible to set the minimum offset value as 1 slot. Regarding the maximum offset value, 20ms can be considered to allow to assign power saving signal/channel nearby SSB for better power saving because the total UE wakeup number can be reduced.

[bookmark: _Ref20933411]Observation 5: The time gap between monitoring occasion(s) of power saving signal/channel and initial slot of DRX OnDuration should be large enough to leave sufficient time for UE to transit from Inactive Time to Active Time. In addition, the time gap can also consider the value, e.g., 20ms, to allow to assign power saving signal/channel nearby SSB to reduce the total UE wakeup number.

[bookmark: _Ref20933418]Proposal 6: The range for the offset of the start of the power saving signal/channel occasion(s) before the start of DRX OnDuration is between 1 slot and 20ms.

Link maintenance
In addition to monitoring PDCCH for data activity, the DRX OnDuration provides a window during which background activities for link maintenance can be performed, i.e. CSI-RS acquisition, SRS transmissions and PUCCH transmission take place during the DRX OnDuration as illustrated in Figure 2(A). These background activities are required to enable different functionalities such as CSI acquisition/feedback, beam management (BM) and power control. According to the agreements in RAN2 #107 meeting (see below), UE does not start drx-onDurationTimer if the UE is not indicated to wake-up. Consequently, UE cannot report P-CSI/SP-CSI on PUCCH/PUSCH and transmit P-SRS/SP-SRS from TS 38.321.

On a PDCCH-WUS occasion that a UE is monitoring, if the UE is indicated to wake-up to monitor the PDCCH during the next occurrence of the drx-onDurationTimer, the UE starts the drx-onDurationTimer at its next occasion. Otherwise it does not.

[bookmark: _Ref20933475]Observation 6: According to RAN2 agreements, UE does not start drx-onDurationTimer if it is not indicated to wake-up. Therefore, when power saving signal/channel is used to cancel DRX OnDuration, background activities such as CSI-RS acquisition/feedback and SRS transmission cannot be supported. The link quality between gNB and UE cannot be maintained due to cancellation of background activities.

The following two alternatives can be considered to resolve above issue.
· Alt 1) CSI-RS acquisition/feedback and SRS transmission are not affected by power saving signal/channel – see Figure 2(B)
· Alt 2) Introduce a background activity window where the UE can perform background activities independently of the power saving signal/channel – see Figure 2(C)

In both alternatives, the link quality between gNB and UE can be maintained. But, in Alt 1, the activities including SSB processing (for synchronization, P-1 in BM procedure, etc.) and CSI acquisition/feedback can be spread in time such that UE may need to wake up at different time instances to perform different activities leading to increased power consumption. In Alt 2, the introduced background activity window can be used as a tool to aggregate all the background activities around the SSB and/or the power saving signal/channel. Using the background activity window this way will allow to reduce total UE wakeup time and hence improves the power. An additional advantage of performing background activity before power saving signal/channel, is that gNB can adapt the coding therefore improving the reliability of the power saving signal/channel itself and reducing resource usage.

[image: ]
[bookmark: _Ref535012872]Figure 2: Total wake-up time for background activities and different DRX designs

Table 1 provides the power saving gains when using power saving signal/channel with and without background activity window. Compared to Alt 1, Alt 2 aggregating all background activities in a window can achieve additional power gains of 4~10%.

[bookmark: _Ref528870012]Table 1: Power saving gains when using power saving signal with and without background activity window
	
	FTP/Video (DRX=160ms)
	IM 
(DRX=320ms)
	VoIP
 (DRX=40ms)

	Additional gain from the use of the background activity window
	4.4 %
	9.9 %
	9.0 %



[bookmark: _Ref20933482]Observation 7: Use of a window for aggregating all the background activities allows to achieve additional power consumption reduction of ~10% by reducing total UE wakeup time.

[bookmark: _Ref20933489]Proposal 7: Support background activity window around the SS burst and/or the power saving signal/channel where periodic activities like CSI/BM reporting and SRS transmission can occur.

Another issue regarding link maintenance is TCI state update of CORESET especially in FR2. When the beam varies fast, the TCI state for monitoring power saving signal/channel or normal PDCCH should be updated frequently to ensure good link quality. Frequent beam change may lead to high UE power consumption because gNB often wakes up UE to receive MAC CE for TCI state update even if there is no traffic intended to UE. One possible direction to resolve this issue is to update TCI state through power saving signal/channel. But FFS is needed. 

[bookmark: _Ref16770955]Observation 8: If the TCI state of CORESET is updated by MAC CE frequently to maintain the link quality, there may be no use of applying the power saving signal/channel. How to realize the benefit of power saving signal/channel especially in FR2 should be studied.
· Update TCI state of CORESET through power saving signal/channel can be considered.
DCI format of power saving signal/channel
Power saving signal/channel outside Active Time
DCI bit number per UE
Reducing the information bit number is effective to achieve the target miss detection rate 0.1 % without changing the coding chain and increasing the signaling overhead. Figure 3 evaluates the PDCCH decoding performance with different DCI format sizes. As shown in Figure 3, compared to DCI-12, the performance gains for DCI-1 and DCI-6 are around 1 dB and 0.5 dB, respectively. The additional gain is achieved by appending 12-N known bits to allow receiver to exploit the a priori when the DCI format size N is smaller than 12. From the results, it is beneficial to limit the information bit length per UE up to 6 bits. If there is single UE in a group, then it is up to UE implementation to exploit the known bits to improve performance. If there exists multiple UEs in a group, this also leads to an acceptable DCI format size and resource overhead.

[image: ]
[bookmark: _Ref20928169]Figure 3: Performance of power saving signal/channel with different DCI format sizes

[bookmark: _Ref7793871][bookmark: _Ref7844248][bookmark: _Ref16805031][bookmark: _Ref16770964]Observation 9: It is beneficial to limit information bit length per UE up to 6 bits so as to realize 0.5~1.0 dB performance advantage when the DCI format size N is configured to be smaller than 12. For the unused 12-N bits, a known value can be set to allow receiver to exploit the a priori to improve the performance. 

DCI structure
For DCI format of power saving signal/channel outside Active Time, TPC-like DCI format design, e.g., format 2-2/2-3, as shown in Figure 4(a) can be considered. The power saving information is divided into N blocks where each block is used to configure the UE-specific power saving information for UEs in a group. Similar to TPC command, NW can configure the starting position “S”, i.e., block number, such that UE can extract its own UE-specific power saving information. The block length can be determined by either configured power saving techniques or higher layer signaling. Its restriction is the block length is fixed for each block in a DCI. In Figure 4(b), another DCI format design is provided. Compared to the format in Figure 4(a), there is no need to have the same bit length “L” of UE-specific information for different UEs in a group. Therefore, its backward compatibility is better, e.g., UEs in different releases supporting different numbers of power saving techniques can share a same DCI. But the drawback is it needs more bits to configure the starting position “S” of UE-specific information. Its bit length “L” of UE-specific power saving information can also be determined by either configured power saving techniques or higher layer signaling.

[image: ]
[bookmark: _Ref20928217]Figure 4: Illustration of DCI format for power saving signal/channel

[bookmark: _Ref20933538]Proposal 8: Support TPC-like DCI format, e.g. DCI format 2-2/2-3, for power saving signal/channel outside Active Time. 

[bookmark: _Ref20933668]Proposal 9: At least the starting bit position of UE-specific power saving information is configured by higher signaling such that UE can extract its own bits in a DCI.

DCI contents
The following discusses the necessities of potential power saving techniques which may be included in DCI contents. And Table 2 summarizes the DCI contents.

Wakeup: 1 bit
It is used to trigger UE to or not to monitor PDCCH in the subsequent DRX OnDuration.

BWP index: 2 bits
It should be included when multiple BWPs are configured. From the results in [3], we conclude that the adaptations in frequency, time and antenna domains provide larger power saving gains. One way to realize joint adaption in multiple domains and accommodate to different traffic characteristics is to exploit the BWP framework. Therefore, we propose that the BWP switch can be triggered by power saving signal/channel in Rel-16. The data interruption due to BWP switch is avoided because the switching is completed before data scheduling.

[bookmark: _Ref7793942]Proposal 10: Table 2 defines the DCI contents for power saving signal/channel outside Active Time.
[bookmark: _Ref20928286][bookmark: _Ref7794065]Table 2: DCI contents for power saving signal/channel
	Adaptation
	Bit number

	
	

	Wakeup 
	1

	BWP index*
	2

	Note*: 
· This field exists when multiple BWPs are configured
· Max. number of MIMO layer and same-slot/cross-slot scheduling can be adapted by BWP switch



Power saving signal/channel inside Active Time
In last RAN1 meeting, it was agreed power saving information using fallback DCI format, i.e., DCI format 0_0/1_0, is not supported. Therefore, UE cannot resume the data reception state when UE-specific PDSCH is scheduled by fallback DCI format. To allow the flexibility, we propose the reception of fallback DCI format can implicitly trigger UE to switch from power saving state, e.g., cross-slot scheduling, to data reception state, e.g., same-slot scheduling.

[bookmark: _Ref16772127]Proposal 11: For triggering power saving techniques adaptation inside Active Time, the reception of fallback DCI format triggers UE to resume data reception state.

Higher layer parameters for power saving signal/channel 
Table 3 lists the higher layer parameters for power saving signal/channel until RAN1 #98 meeting. The parameters in yellow are controversial and need to be further discussed. Our views for the parameters in yellow are provided below.
· DRXAdaptation
The following two options can be used to configure UE to monitor power saving signal/channel to decide whether it needs to monitor PDCCH in subsequent DRX cycle.
· Opt 1) When PS-RNTI is provided, UE monitors DCI format scrambled by PS-RNTI if the search space/monitoring occasion(s) of power saving signal/channel is configured. 
· Opt 2) Even if PS-RNTI/search space of DCI format for power saving signal/channel are configured, it does not imply DRX is adapted by power saving signal/channel. The presence of “DRXAdaptation” enables DRX adaptation.
Compared to Opt 2, besides PS-RNTI and search space, there is no additional higher layer parameter needed in Opt 1 to enable DRX adaptation by power saving signal/channel. While Opt 2 can enable/disable DRX adaptation by power saving signal/channel without reconfiguration of PS-RNTI and search space. In our view, both options are feasible. However, “DRXAdaptation” should be per-UE but not per-BWP parameter because DRX operation is across BWPs and cells. UE monitors power saving signal/channel if its search space is configured in active BWP.

· SearchSpacePS
There are also two options to configure search space for power saving signal/channel.
· Opt 1) No additional search space configuration, e.g., “SearchSpacePS”, is introduced. UE monitors DCI format of power saving signal/channel if it is configured to be monitored in the search space. A restriction can be added in TS 38.213 to state that UE does not expect to monitor DCI formats other than DCI format for power saving signal/channel in the same search space.
· Opt 2) Adopt the proposal in Table 3 to introduce a dedicated search space configuration, e.g., “SearchSpacePS”, for power saving signal/channel.
In our opinion, both options are feasible, but we slightly prefer Opt 2.

[bookmark: _Ref20933706]Proposal 12: “DRXAdaptation” is per-UE higher layer parameter if it is supported.

[bookmark: _Ref20933785]Proposal 13: Introduce dedicated search space configuration, e.g., “SearchSpacePS”, in higher layer parameter for power saving signal/channel monitoring.





[bookmark: _Ref20929148]Table 3: List of higher layer parameters for power saving signal/channel
[image: ]

Conclusions
In this contribution, we discuss the remaining details on power saving signal/channel, including its monitoring, search space configurations, DCI format/contents and required higher layer parameters. Based on the discussions, we have the following observations and proposals.

Observation 1: According to the agreements in RAN2 #107 meeting, UE does not monitor power saving signal/channel for wakeup during Active Time. If the monitoring occasion(s) is during Active Time, the next drx-onDurationTimer is started as legacy.

Observation 2: According to the agreements in RAN2 #107 meeting, power saving signal/channel for wakeup is only configured on PCell/PSCell.

Observation 3: If there is no traffic intended to UE, instead of applying power saving signal/channel to DRX short cycle to save power, NW can configure long DRX MAC CE to allow UE to go to DRX long cycle directly. In addition, the signaling overhead for applying power saving signal/channel to DRX short cycle might be high because it is very likely that UEs in the same power saving signal/channel group have different starting slots of DRX short cycle.

Proposal 1: Power saving signal/channel is only associated with DRX long cycle.

Proposal 2: Confirm the working assumption:
· UE monitors the PDCCH-based power saving signal/channel outside Active Time being configured on the active BWP in an active cell.   

Observation 4: Configurable DCI format size for power saving signal/channel outside Active Time is helpful to minimize the resource overhead and to allow backward compatibility for later release to introduce more power saving techniques.

Proposal 3: Support configurable DCI format size for power saving signal/channel outside Active Time.

Proposal 4: When CRC check fails for detecting power saving signal/channel outside Active Time, the UE does not monitor PDCCH in the subsequent DRX OnDuration.

Proposal 5: Introduce a dedicated slot offset in search space configuration to indicate the slot offset between power saving signal/channel and the initial slot of DRX OnDuration.

Observation 5: The time gap between monitoring occasion(s) of power saving signal/channel and initial slot of DRX OnDuration should be large enough to leave sufficient time for UE to transit from Inactive Time to Active Time. In addition, the time gap can also consider the value, e.g., 20ms, to allow to assign power saving signal/channel nearby SSB to reduce the total UE wakeup number.

Proposal 6: The range for the offset of the start of the power saving signal/channel occasion(s) before the start of DRX OnDuration is between 1 slot and 20ms.

Observation 6: According to RAN2 agreements, UE does not start drx-onDurationTimer if it is not indicated to wake-up. Therefore, when power saving signal/channel is used to cancel DRX OnDuration, background activities such as CSI-RS acquisition/feedback and SRS transmission cannot be supported. The link quality between gNB and UE cannot be maintained due to cancellation of background activities.

Observation 7: Use of a window for aggregating all the background activities allows to achieve additional power consumption reduction of ~10% by reducing total UE wakeup time.

	
	FTP/Video (DRX=160ms)
	IM 
(DRX=320ms)
	VoIP
 (DRX=40ms)

	Additional gain from the use of the background activity window
	4.4 %
	9.9 %
	9.0 %



Proposal 7: Support background activity window around the SS burst and/or the power saving signal/channel where periodic activities like CSI/BM reporting and SRS transmission can occur.

Observation 8: If the TCI state of CORESET is updated by MAC CE frequently to maintain the link quality, there may be no use of applying the power saving signal/channel. How to realize the benefit of power saving signal/channel especially in FR2 should be studied.
· Update TCI state of CORESET through power saving signal/channel can be considered.

Observation 9: It is beneficial to limit information bit length per UE up to 6 bits so as to realize 0.5~1.0 dB performance advantage when the DCI format size N is configured to be smaller than 12. For the unused 12-N bits, a known value can be set to allow receiver to exploit the a priori to improve the performance.

Proposal 8: Support TPC-like DCI format, e.g. DCI format 2-2/2-3, for power saving signal/channel outside Active Time.

Proposal 9: At least the starting bit position of UE-specific power saving information is configured by higher signaling such that UE can extract its own bits in a DCI.









Proposal 10: Table 2 defines the DCI contents for power saving signal/channel outside Active Time.
Table 2: DCI contents for power saving signal/channel
	Adaptation
	Bit number

	
	

	Wakeup 
	1

	BWP index*
	2

	Note*: 
· This field exists when multiple BWPs are configured
· Max. number of MIMO layer and same-slot/cross-slot scheduling can be adapted by BWP switching



Proposal 11: For triggering power saving techniques adaptation inside Active Time, the reception of fallback DCI format triggers UE to resume data reception state.

Proposal 12: “DRXAdaptation” is per-UE higher layer parameter if it is supported.

[bookmark: _GoBack]Proposal 13: Introduce dedicated search space configuration, e.g., “SearchSpacePS”, in higher layer parameter for power saving signal/channel
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