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Introduction
In RAN1 #96bis meeting, the following agreements regarding power saving signal/channel were made.
Agreements:
· The PDCCH-based power saving signal/channel is UE-specifically configured.   
· The DCI format(s) contain information for (including potential down-selection, which may or may not depend on power saving techniques/scenarios):
· Alt 1: triggering a single UE only 
· Alt 2: triggering UE(s) within a group 
· FFS whether to always trigger all UEs in a group or a subset of it
· Alt 3: Alt 1 & Alt 2 

Agreements:
The assumptions of the DCI design of the PDCCH-based power saving signal/channel include:
· No increase of DCI format size budget  
· FFS whether or not the same or different sets of DCI format sizes for Active Time vs. out of Active Time
· Working assumption: no increase of UE BD/non-overlapping CCE limit

Agreements:
Possible candidates of DCI format design for the PDCCH-based power saving signal/channel (including potential down-selection, which may or may not depend on power saving techniques/scenarios):
· New DCI format(s) 
· The size of new DCI format may or may not be the same size as the existing DCI size
· Enhancement of existing DCI. E.g.,:
· Additional new field(s)
· Using the existing DCI format for the power saving purpose
· Re-purpose field(s) in the DCI
· The detection of existing DCI format as the indication for the power saving technique

Agreements:
The DCI format(s) of the PDCCH-based power saving signal/channel is designed to provide: 
· Indication of one or more power saving associated operations.  
· Supporting configurability (e.g., 0, 1, 2, …bits, etc.), if needed, for one or more information fields in the DCI at least for one DCI format


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 deemed by some companies to be not in the scope of the power saving WI approved so far 

Agreements:
· The design of the DCI format(s) and size needs to account for one or more of the following aspects
· Within or outside Active Time
· DCI format size for the power saving signal/channel to fit the DCI format size budget
· Including aspects whether or not it is necessary to align it with existing DCI format size
· Other aspects are not precluded

Agreements:
· Support at least one CORESET with configured search space(s) for the power saving signal/channel  
· FFS separate vs. shared with a CORESET (and/or search space(s)) configured for other purposes (when applicable)

Agreements:
· For PDCCH-based power saving signal/channel, 
· The set of AL(s) is configured 
· The number of PDCCH candidate(s) for each AL is configured



In this contribution, the remaining issues on power saving signal/channel are discussed. In Section 2, we clarify the definition of Active Time and identify the potential impacts when power-saving signal/channel is introduced. In Section 3, by treating a power saving signal/channel as a PDCCH, we discuss the CORESET and search space configurations and investigate the UE behaviour within and outside the Active Time. Section 4 and 5 further discuss the DCI formats and DCI fields of power saving signal/channel for triggering potential power saving techniques. Finally, Section 6 summarizes the necessary specifications changes and how to incorporate with the existing adaptations framework.
Relationship between the PDCCH and the power saving signal/channel
According to Section 5.7 of TS 38.213, the Active Time is defined as follows.

When a DRX cycle is configured, the Active Time includes the time while:
-	drx-onDurationTimer or drx-InactivityTimer or drx-RetransmissionTimerDL or drx-RetransmissionTimerUL or ra-ContentionResolutionTimer (as described in subclause 5.1.5) is running; or
-	a Scheduling Request is sent on PUCCH and is pending (as described in subclause 5.4.4); or
-	a PDCCH indicating a new transmission addressed to the C-RNTI of the MAC entity has not been received after successful reception of a Random Access Response for the Random Access Preamble not selected by the MAC entity among the contention-based Random Access Preamble (as described in subclause 5.1.4).



In the Active Time, UE monitors PDCCH with CRC scrambled by C-RNTI, CS-RNTI, INT-RNTI, SFI-RNTI, SP-CSI-RNTI, TPC-PUCCH-RNTI, TPC-PUSCH-RNTI, and TPC-SRS-RNTI. Additionally, the periodic operations, e.g., CSI report on PUCCH, and semi-persistent operations, e.g., semi-persistent CSI report on PUSCH, are only allowed in the Active Time.

[bookmark: _Ref7834744]Observation 1: When a DRX cycle is configured, the Active Time includes the time with at least one of the following timer running: drx-onDurationTimer, drx-InactivityTimer, drx-RetransmissionTimerDL, drx-RetransmissionTimerUL or ra-ContentionResolutionTimer.

In Rel-16, to save UE power, the power saving signal/channel is introduced to allow UE not to monitor PDCCH in the Active Time when there is no traffic intended to the UE. But one question was raised:
· Are the periodic and semi-persistent operations cancelled as well?

There are two options for this question.
· Opt 1. The power saving signal/channel only cancels the PDCCH monitoring, and the UE still needs to perform other operations in the Active Time.
· Opt 2. The power saving signal/channel cancels the Active Time or, equivalently, stops the drx-OnDurationTimer.

Opt 2 leads to larger UE power saving gain because the UE can have longer and deeper sleep when there is no data intended for it. However, for Opt 2, the link connection between NW and UE may become unreliable because the periodic CSI reporting is cancelled. One possible solution is to allow the periodic operations outside the Active Time. In addition, the periodic operations can be aggregated with power saving signal/channel such that UE can realize longer sleep while keeping link maintenance and power-saving signal/channel monitoring in an aggregated wake-up time.

[bookmark: _Ref7793797][bookmark: _Ref7834769]Observation 2: Whether power-saving signal/channel will cancel Active Time will impact UE periodic activity and power consumption.

[bookmark: _Ref7793808][bookmark: _Ref7834787]Proposal 1: After RAN2 decide WUS impact to DRX Active Time, RAN1 need to further check the impact to power saving gain subject to the link maintenance requirement. 

Another question about power saving signal/channel is whether it is a PDCCH or not. The arguments that it is not a PDCCH but a new channel reusing the PDCCH structure including
· Multi-beam operation is required for power saving signal/channel. In Rel-15, one CORESET is associated with a TCI state. If beam sweeping should be supported, then multiple CORESETs with different TCI states are required such that power saving signal/channel can be transmitted with different beams. In the current specification, the maximum number of CORESET per BWP is 3, and it may not be sufficient.
· The current DCI size budget is possible to be exceeded if the power saving signal/channel is a PDCCH.
· According to Section 5.7 of TS 38.321, UE does not monitor PDCCH other than cell-specific PDCCH outside the Active Time. But the power saving signal/channel for wakeup is monitored before DRX OnDuration, it is not allowed in the current specification.

The above issues can be resolved as follows.
· No matter the periodic/semi-persistent operations are cancelled or not by the indication of power saving signal/channel, the link maintenance activities should be kept. So, the beam information is available at NW, and the beam sweeping for power saving signal/channel is not required.
· By counting DCI size budget within and outside the Active Time separately, the DCI size budget is fulfilled. (see Section 4.3 for more details)
· By defining new DCI format with new RNTI for power saving signal/channel, the monitoring occasion of power saving signal/channel is not restricted by current DRX operation and can be outside the Active Time. (see Section 4.2 for more discussions)

Based on the discussions, we don’t see the benefit for defining power saving signal/channel as a new physical channel. And when it is a PDCCH, it provides the flexibility for NW to multiplex the power saving signal/channel with other channels without additional specification efforts. Moreover, the allowed numbers of configured CORESET and search space in Rel-15 are sufficient to support the transmission of power saving PDCCH, it doesn’t have to increase the number. 

[bookmark: _Ref7793820]Proposal 2: Power saving signal/channel is a PDCCH. And neither dedicated CORESET nor dedicated search space is introduced for it.

CORESET and search space configurations for power saving PDCCH
Table 1 summarizes the PDCCH types that UE may need to monitor within and outside the Active Time. In Rel-15, during the Active Time, UE is possible to monitor type 0/0A/1/2/3- PDCCH CSS set and USS set for PDCCH with CRC scrambled by all RNTIs. Outside the Active Time, UE only needs to monitor type 0/0A/1/2- PDDCH CSS set for PDCCH with CRC scrambled by SI-RNTI, P-RNTI, RA-RTNI and TC-RNTI. 

[bookmark: _Ref7529005]Table 1. Monitored PDCCH types during and outside Active Time
	
	1 BWP
	N BWP, where 1 < N ≤ 4

	During Active Time
	· All RNTIs defined in Rel-15 if configured
· (Rel-16) group-UE-specific power saving PDCCH or scheduling DCI for triggering adaptations within the Active Time (one BWP)
	· All RNTIs defined in Rel-15 if configured
· (Rel-16) group-UE-specific power saving PDCCH or scheduling DCI for triggering adaptations within the Active Time (one BWP)

	Outside Active Time
	· SI-RNTI, P-RNTI, RA-RNTI, TC-RNTI
· (Rel-16) UE-specific/group-UE-specific power saving PDCCH for wakeup/adaptation triggering
· (Rel-16) TPC-PUCCH-RNTI, TPC-SRS-RNTI

	· SI-RNTI, P-RNTI, RA-RNTI, TC-RNTI
· (Rel-16) UE-specific/group-UE-specific power saving PDCCH for wakeup/adaptation triggering
·  (Rel-16) TPC-PUCCH-RNTI, TPC-SRS-RNTI

Note: UE can be in different BWPs within and outside the Active Time

	Max. number of CORESET
	3
	3N

	Max. number of search space 
	10
	10N




In Rel-16, power saving PDCCH is introduced for the following purposes.
(1) trigger UE to monitor PDCCH in the upcoming DRX OnDuration when there is data intended for the UE, and 
(2) trigger adaptations to traffic when UE is within the Active Time.

The UE behaviour on PDCCH monitoring outside and within the Active Time is further discussed in the following sections.

PDCCH monitoring outside the Active Time
If there is no wakeup indicated, UE will not monitor PDCCHs in the associated DRX OnDuration, therefore, the PDCCH monitoring for PUCCH/SRS power control which are required for UL periodic/semi-persistent operations will be cancelled as well. To solve this, the PDCCH monitoring for PUCCH/SRS TPC can be aggregated with the monitoring occasion(s) of power saving PDCCH to further save UE power by reducing the total wakeup number.

To trigger UE to transit from outside the Active Time to Active Time, both group-UE-specific and UE-specific power saving PDCCH can be supported to allow NW flexibility and to minimize the resource overhead. When there are few UEs to be waken up, UE-specific triggering can be used to save signaling overhead because the link adaptation for each UE is possible. While when there are many UEs to be waken up, group-UE-specific triggering can be used to wake up a group of UE simultaneously. In Appendix A.1, it shows that group-UE-specific triggering is helpful to reduce the signaling overhead especially when the packet is small. About 35% overhead reduction can be achieved in VoIP when it is applied.

[bookmark: _Ref7793833]Observation 3: Supporting group-UE-specific power saving PDCCH is helpful to reduce the signaling overhead especially for traffic with small packet size. For VoIP, 35.8% overhead reduction can be achieved when it is applied.

[bookmark: _Ref7793841]Proposal 3: Support both group-UE-specific and UE-specific power saving PDCCH for network to minimize the resource overhead for UE power saving.

The group-UE-specific PDCCH for power saving and TPC can be configured in the same type 3-PDCCH CSS set, therefore, UE only wakes up once for PDCCH monitoring. It is also reasonable for group-UE-specific PDCCHs to be located in the same CORESET that its CCE-to-REG mapping is configured to achieve large diversity gain. The UE-specific power saving PDCCH can be configured to be monitored in type 3-PDCCH CSS set and/or USS set. It is up to NW to configure its associated CORESET.

[bookmark: _Ref5186797]Proposal 4: Outside the Active Time, UE is required to only monitor PDCCH-based power saving signal/channel and group common indications for TPC, if configured, so as to keep the minimum amount of necessary PDCCH monitoring.
· UE can be configured to monitor type 3 PDCCH CSS set for the group-UE-specific/UE-specific power saving PDCCH and TPC.
· UE can be configured to monitor USS set for only UE-specific power saving PDCCH.

PDCCH monitoring within Active Time
The fast adaptations within the Active Time can be supported to further save UE power with minimum system impact. For example, when there is PDSCH scheduling, UE is configured with same-slot scheduling. But when there is no PDSCH scheduling, UE is switched to cross-slot scheduling for power saving. To achieve the fast adaptation within the Active Time, the BWP switching can be used when multiple BWPs are configured. When only one BWP is configured, the following options can be considered.
· Opt 1. The group-UE-specific power saving PDCCH having the same size as fallback DCI formats can be used to trigger the adaptions such that the DCI size is not exceeded. If it is supported, it can be configured to be monitored in type 3 PDCCH CSS set.
· Opt 2. The adaptation triggering is carried by the existing scheduling DCI. Either adding new DCI fields or repurposing the existing DCI fields can be considered.  

In Opt 1, since the traffic characteristics for the UEs in a group can be very different, it is challenging to trigger adaptations through the group-UE-specific power saving PDCCH. When it is transmitted sparsely, the timely adaptations for each UE in a group is not possible, thus, the UE power saving gain is reduced. When it is transmitted frequently, the signaling overhead is not acceptable.

[bookmark: _Ref7844152]Observation 4: Within the Active Time, UE adaptation during data activity provides significant power saving benefit [1][3]. Since data inactivity timing of each UE depends on user application data, UE-specific signalling is more feasible to realize timely adaptation.

Comparing with Opt 1, Opt 2 almost has no additional signaling overhead if the bit number for adaptations is small because the bits are carried in the existing DCI. Based on the discussions, Opt 2 is suggested for UE adaptation within the Active Time.

[bookmark: _Ref7793865]Proposal 5: Within the Active Time and when only one BWP is configured, scheduling DCI with additional compact power saving field can trigger timely UE adaptation with minimized overhead.

DCI format and size for power saving PDCCH
DCI size
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. The link performance in Appendix A.2 shows that the SNR is around -5.5 dB and -7 dB by applying polar decoding and sequence detection at receiver, respectively, to reach miss detection rate 0.1 % for 5-6 information bits with AL8. When only few bits are carried, there is flexibility for UE implementation. Additionally, smaller AL is sufficient when few bits are included. Therefore, in order to reduce resource overhead for UE-specific power saving PDCCH, the information bits should be no larger than 5-6 bits.

[bookmark: _Ref7793871][bookmark: _Ref7844248]Observation 5: For UE-specific triggering, it is beneficial to limit information bit length up to 5 – 6 bits so as to enable sequence-based detection and realize more than 2 dB performance advantage.
If it is desirable to reserve more bits in UE-specific power saving PDCCH for future enhancement, we suggest that the DCI size is up to 12 bits to balance between the link quality and signaling overhead. For the unused/configured bits, a known value can be set to allow receiver to exploit the a priori.

[bookmark: _Ref7844346]Proposal 6: For UE-specific power saving PDCCH, the DCI payload size is up to 12. For the unused/configured bits, a known value can be set to allow receiver to exploit the a priori.

For group-UE-specific power saving PDCCH, to trigger adaptations for a group of UEs, more bits and larger AL are required. To fulfil the DCI size budget, its DCI size can be aligned with the existing DCI formats, e.g., fallback DCI formats.

[bookmark: _Ref7793888]Proposal 7: For group-UE-specific power saving PDCCH, the DCI payload size is aligned with the existing DCI formats 0_0/1_0.

DCI format
For UE-specific power saving PDCCH, because the DCI size (up to 12 bits) and supported functionality (triggering adaptation) are very different from Rel-15 UE-specific DCI formats, e.g., DCI formats 1_0/1_1, a new DCI format is needed. A new UE-specific RNTI, e.g., PS-C-RNTI, can be introduced for power saving purpose. When Rel-16 UE detects PDCCH scrambled by PS-C-RNTI, UE knows it is power saving PDCCH, and there is no PDSCH scheduled by it. Moreover, the DCI size budget of C-RNTI is kept if C-RNTI it not used for a new format. 

[bookmark: _Ref7844428]Proposal 8: For UE-specific power saving PDCCH, new compact DCI format is introduced for the minimum resource overhead. A new RNTI is also introduced to allow monitoring outside Active Time.

For group-UE-specific power saving PDCCH, a new DCI format, e.g., DCI format 2_x, and a new group-UE-specific RNTI, e.g., PS-RNTI, can also be considered to provide functionalities different from the existing DCI formats. In addition, for group-UE-specific power saving PDCCH within and outside the Active Time, the DCI fields can be different because of distinct supported adaptations. UE interprets the DCI fields properly based on when to receive the power saving PDCCH.

[bookmark: _Ref7793900]Proposal 9: For group-UE-specific power saving PDCCH, new DCI format with size aligned to fallback DCI size is introduced. A new group-UE-specific RNTI is also introduced to allow monitoring outside Active Time. 

Consideration on DCI size budget
In Rel-15, a UE expects to monitor PDCCH candidates for up to 4 sizes of DCI formats that include up to 3 sizes of DCI formats with CRC scrambled by C-RNTI per serving cell. To not increase the UE complexity, the DCI size budget should be considered when new DCI format is created. Within the Active Time, as our proposal, the indications for triggering fast adaptation can be delivered by existing scheduling DCI, therefore, the DCI size budget from Rel-15 is not exceeded.

[bookmark: _Ref7793905]Proposal 10: Within the Active Time, DCI format size budget per serving cell is the same as in Rel-15. 

On the other hand, when a UE is not in the Active Time, except the fallback DCI formats for cell-specific signaling delivery, the UE may have to monitor UE-specific/group-UE-specific power saving PDCCH and DCI format 2_x for TPC. Because the DCI sizes for cell-specific and group-UE-specific PDCCHs are aligned, the DCI size budget can be reduced to 2.
[bookmark: _Ref7793922]Proposal 11: Outside the Active Time, the DCI size budget is reduced to 2.

DCI fields for potential power saving techniques
In this section, the DCI fields are discussed. When only one BWP is configured, the scheduling DCI or power saving PDCCH to trigger adaptations during the Active Time is required. However, when multiple BWPs are configured, the BWP framework can be utilized and the adaptations can be realized by BWP switching.

Table 2 and Table 3 summarize the DCI fields for one BWP and multiple BWPs, respectively. The necessities of each field are discussed below.

Wakeup
It allows UE to transit from outside the Active Time to Active Time. For UE-specific triggering, the existence of power saving PDCCH indicates wakeup, so the field is not required. 

BWP index
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. We propose that the BWP switching can be triggered by power saving PDCCH in Rel-16. The data interruption due to BWP switching is avoided when the switching is completed before data scheduling.

Trigger RS transmission including A-CSI-RS, A-TRS and SRS triggering
In Rel-15, the aperiodic RS is triggered by scheduling DCI. If power saving PDCCH can trigger aperiodic RS outside the Active Time when there is data scheduling or when reporting is required, it improves data scheduling from the beginning of DRX OnDuration and therefore improves the spectral efficiency. When aperiodic RS is triggered, it should be noted that the timing offset between power saving PDCCH and RS should be no smaller than BWP switching delay. SRS triggering field is optional depending on whether it is configured or not.
Since aperiodic RS is more helpful when data amount is large which is not the useful scenario for group-UE-specific power saving PDCCH, this field is not required for group-UE-specific triggering.

Switch of cross-slot/same-slot scheduling, MIMO layer adaptation and PDCCH monitoring adaptation
The results in [3] show that the adaptations in these aspects provide huge gains in UE power saving. When one BWP is configured, the joint adaptations on these domains can be considered to save DCI bits. When multiple BWPs are configured, the adaptation on these domains can be realized by BWP switching. 

SCell PDCCH monitoring adaptations
The adaptations on SCell can be triggered by PCell. But the penalty is larger resource overhead because more DCI bits are required. When multiple BWPs are configured, this can be resolved by introducing the bundle relationship between BWPs in PCell and BWPs in SCell, and power saving PDCCH carries information only for PCell. The adaptations in SCell are triggered by the bundling of BWP in PCell. For example, if UE is switched to BWP #1 in PCell according to the power saving PDCCH, UE also switches to BWP #1’ in SCell which is bundled with BWP #1 of PCell. In another example, if UE is indicated to measure A-CSI-RS in BWP #1 and have corresponding A-CSI reporting in PCell according to the power saving PDCCH, UE also measures A-CSI-RS in BWP #1’ in SCell and combines corresponding A-CSI reporting with PCell. 








[bookmark: _Ref7793934][bookmark: _Ref5186920]Proposal 12: When one BWP is configured for a UE, Table 2 defines the DCI fields for UE-specific/group-UE-specific power saving PDCCH within and outside the Active Time.

[bookmark: _Ref7592354][bookmark: _Ref7794093]Table 2. DCI fields for UE-specific/group-UE-specific power saving PDCCH when one BWP is configured
	Adaptation triggering
	Outside the Active Time
	Within the Active Time

	
	UE-specific power saving PDCCH in CSS/USS 
	Group-UE-specific power saving PDCCH in CSS 
	Existing scheduling DCI

	Wakeup
	 
	V
	

	Triggering RS transmission
	V
	
	

	CSI report (can be jointly encode with ‘triggering RS transmission’)
	V
	
	

	Switch of cross-slot/same-slot scheduling*
	V
	V
	V

	PDCCH monitoring periodicity*
	V
	V
	V

	SCell PDCCH monitoring adaptations**
	V 
	V 
	V

	Note*: Joint adaptations on switch of cross-slot/same-slot scheduling and PDCCH monitoring periodicity can be utilized to save DCI bits.
Note**: The PDCCH monitoring adaptation on SCell can also be jointly triggered by the adaptations on PCell. For example, PCell in a power saving mode, e.g., sparse or no PDCCH monitoring, indicates that there is no PDCCH monitoring in SCell.























[bookmark: _Ref7793942]Proposal 13: When multiple BWPs are configured for a UE, Table 3 defines the DCI fields for UE-specific/group-UE-specific power saving PDCCH outside the Active Time.
· Within the Active Time, the adaptations triggering can be realized by BWP switching, therefore, power saving PDCCH is not needed.
· To minimize the resource overhead for power saving PDCCH, SCell adaptation is realized by bundling the behaviours of BWP switching with PCell

[bookmark: _Ref7817455]Proposal 14: When the adaptations triggered by BWP switching are not relevant to RF parameters, the shorter switch delay and interruption time should be supported for better UE power saving.

[bookmark: _Ref7592468][bookmark: _Ref7794065]Table 3. DCI fields for UE-specific/group-UE-specific power saving PDCCH when multiple BWPs are configured
	Adaptation
	Outside the Active Time
	Within the Active Time

	
	UE-specific power saving PDCCH in CSS/USS 
	Group-UE-specific power saving PDCCH in CSS 
	Reuse the existing scheduling DCI

	Wakeup 
	
	V
	

	BWP index*
	V
	V
	V

	Triggering RS transmission
	V
	
	

	CSI report (can be jointly encoded with ‘triggering RS transmission’)
	V
	
	

	SCell PDDCH monitoring adaptations
	(V) **
	(V) **
	(V) **

	Note*: Assume maximum number of MIMO layer is BWP-specific parameter.
Note**: SCell PDCCH monitoring adaptation on SCell can be realized by the bundling PCell BWPs and SCell BWPs without additional bit field required [4] 





Specification for NR Power Saving PDCCH
Necessary specifications for NR power saving PDCCH
The required specification changes or efforts for completing power saving PDCCH are summarized as follows.

For UE-specific power saving signal:
· New DCI format and new RNTI
· DCI size and field should be discussed carefully to meet the target miss detection rate with acceptable resource overhead and enable adaptations in multiple domains. As proposed in Section 2.2.1, to achieve the miss detection rate 0.1% with AL8, the number of information bits should not be greater than 5-6 bits. And the BWP-based adaptation can be considered to trigger adaptations in multiple domains without introducing many additional bits in DCI.
· PS-C-RNTI is to avoid the need of DCI size alignment of C-RNTI.

For group-UE-specific power saving signal:
· New DCI format and new RNTI
· A new DCI format 2_x with group-UE-specific RNTI for power saving can be introduced. The DCI size can be aligned with the existing DCI formats, e.g., DCI format 0_0/1_0, to fulfil the DCI size budget.

Resolve issues due to cancellation of DRX OnDuration
· In Rel-15, PDCCH for TPC cannot be monitored outside the Active Time. Allow the PDCCH monitoring for PUCCH/SRS power control outside the Active Time should be discussed. 

Realization based on BWP framework
BWP-based adaptation cooperated with power saving PDCCH can be considered to realize the UE adaptation. Figure 1 illustrates an example where 2 BWPs are configured. The BWP settings in BWP #0 and BWP #1 are optimized to accommodate to different services or traffic characteristics. 

Outside the Active Time, UE monitors power saving PDCCH for wakeup/BWP switching in BWP #0. When there is data intended to UE, power saving PDCCH triggers UE to stay in BWP #0 or switch to BWP #1 for data reception depending on the data amount. Because the BWP switching is completed before DRX OnDuration, the data interruption time due to BWP switching delay is avoided. Moreover, when the packet size is large, aperiodic RS can be triggered by UE-specific power saving PDCCH to allow better data reception from the beginning of DRX OnDuration. The time offset between power saving PDCCH and aperiodic RS should be bigger than BWP switching delay. When the packet size is small, power saving PDCCH can indicate UE to receive data in a small bandwidth to optimize UE power saving. 

Within the Active Time, the fast adaptations in multiple domains, e.g., bandwidth, switch of cross-slot/same-slot scheduling and PDCCH periodicity, can be realized by BWP switching in current BWP framework.
[bookmark: _Ref5187093]
[bookmark: _Ref7845489]Observation 6: Power saving PDCCH and BWP framework together provide an efficient realization for adaptation over RF and baseband parameters, including bandwidth, max MIMO layer number, cross/same-slot scheduling, PDCCH monitoring settings and SCell operations, etc.
[image: ]
[bookmark: _Ref5058818]Figure 1. Illustration of cooperation between BWP framework and power saving signal

Realization based on one BWP
When only one BWP is configured, outside the Active Time, the power saving PDCCH can indicate not only wakeup but also the best set of parameters accommodate to the current traffic. For example, in VoIP, as shown in [1], longer PDCCH monitoring periodicity can be applied for UE power saving without sacrificing the system efficiency. While in FTP, the per-slot PDCCH monitoring is used for fast data reception. Within the Active Time, as discussed in Section 3, the scheduling DCI with fast adaptation triggering can be utilized to further save UE power consumption.

For each traffic type, there exists a set of parameter settings in time, frequency and antenna domains that can find a balance between the system efficiency and UE power consumption. If each parameter setting is signalled separately, i.e., has its own corresponding bit(s), the total bits for indicating suitable settings for a traffic type is large, and it may lead to large signaling overhead. To reduce the overhead, the adaptations can be jointly triggered. For example, as shown in Figure 2, multiple parameter sets, e.g., 2 sets, can be defined. One is for large data reception and the other is for small data reception/no data. In this case, only 1 bit is required to switch the parameter set.

[bookmark: _Ref7793997]Observation 7: Power saving PDCCH and multiple sets of targeted baseband-only parameter values/limits can together realize efficient adaptation over baseband-only parameters, including cross/same-slot scheduling, PDCCH periodicity, SCell operations, etc. 

[image: ]
[bookmark: _Ref7784253]Figure 2. Illustration of cooperation between scheduling DCI and timer in one BWP

Conclusions
In this contribution, we consider the power saving signal/channel as a PDCCH, and discuss the designs including DCI format, size and fields for it. Moreover, the minimal amount of specifications are identified. Based on the discussions, we have the following observations and proposals.

Observation 1: When a DRX cycle is configured, the Active Time includes the time with at least one of the following timer running: drx-onDurationTimer, drx-InactivityTimer, drx-RetransmissionTimerDL, drx-RetransmissionTimerUL or ra-ContentionResolutionTimer.

Observation 2: Whether power-saving signal/channel will cancel Active Time will impact UE periodic activity and power consumption.

Proposal 1: After RAN2 decide WUS impact to DRX Active Time, RAN1 need to further check the impact to power saving gain subject to the link maintenance requirement.

Proposal 2: Power saving signal/channel is a PDCCH. And neither dedicated CORESET nor dedicated search space is introduced for it.

Observation 3: Supporting group-UE-specific power saving PDCCH is helpful to reduce the signaling overhead especially for traffic with small packet size. For VoIP, 35.8% overhead reduction can be achieved when it is applied.

Proposal 3: Support both group-UE-specific and UE-specific power saving PDCCH for network to minimize the resource overhead for UE power saving.

Proposal 4: Outside the Active Time, UE is required to only monitor PDCCH-based power saving signal/channel and group common indications for TPC, if configured, so as to keep the minimum amount of necessary PDCCH monitoring.
· UE can be configured to monitor type 3 PDCCH CSS set for the group-UE-specific/UE-specific power saving PDCCH and TPC.
· UE can be configured to monitor USS set for only UE-specific power saving PDCCH.

Observation 4: Within the Active Time, UE adaptation during data activity provides significant power saving benefit [1][3]. Since data inactivity timing of each UE depends on user application data, UE-specific signalling is more feasible to realize timely adaptation.

Observation 5: For UE-specific triggering, it is beneficial to limit information bit length up to 5 – 6 bits so as to enable sequence-based detection and realize more than 2 dB performance advantage.

Proposal 6: For UE-specific power saving PDCCH, the DCI payload size is up to 12. For the unused/configured bits, a known value can be set to allow receiver to exploit the a priori.

Proposal 7: For group-UE-specific power saving PDCCH, the DCI payload size is aligned with the existing DCI formats 0_0/1_0.

Proposal 8: For UE-specific power saving PDCCH, new compact DCI format is introduced for the minimum resource overhead. A new RNTI is also introduced to allow monitoring outside Active Time.

Proposal 9: For group-UE-specific power saving PDCCH, new DCI format with size aligned to fallback DCI size is introduced. A new group-UE-specific RNTI is also introduced to allow monitoring outside Active Time.

Proposal 10: Within the Active Time, DCI format size budget per serving cell is the same as in Rel-15.

Proposal 11: Outside the Active Time, the DCI size budget is reduced to 2.

Proposal 12: When one BWP is configured for a UE, Table 2 defines the DCI fields for UE-specific/group-UE-specific power saving PDCCH within and outside the Active Time.
Table 2. DCI fields for UE-specific/group-UE-specific power saving PDCCH when one BWP is configured
	Adaptation triggering
	Outside the Active Time
	Within the Active Time

	
	UE-specific power saving PDCCH in CSS/USS 
	Group-UE-specific power saving PDCCH in CSS 
	Existing scheduling DCI

	Wakeup
	 
	V
	

	Triggering RS transmission
	V
	
	

	CSI report (can be jointly encode with ‘triggering RS transmission’)
	V
	
	

	Switch of cross-slot/same-slot scheduling*
	V
	V
	V

	PDCCH monitoring periodicity*
	V
	V
	V

	SCell PDCCH monitoring adaptation**
	V 
	V 
	V

	Note*: Joint adaptations on switch of cross-slot/same-slot scheduling and PDCCH monitoring periodicity can be utilized to save DCI bits.
Note**: The PDCCH monitoring adaptation on SCell can also be jointly triggered by the adaptations on PCell. For example, PCell in a power saving mode, e.g., sparse or no PDCCH monitoring, indicates that there is no PDCCH monitoring in SCell.



Proposal 13: When multiple BWPs are configured for a UE, Table 3 defines the DCI fields for UE-specific/group-UE-specific power saving PDCCH outside the Active Time.
· Within the Active Time, the adaptations triggering can be realized by BWP switching, therefore, power saving PDCCH is not needed.
· To minimize the resource overhead for power saving PDCCH, SCell adaptation is realized by bundling the behaviours of BWP switching with PCell

Table 3. DCI fields for UE-specific/group-UE-specific power saving PDCCH when multiple BWPs are configured
	Adaptation
	Outside the Active Time
	Within the Active Time

	
	UE-specific power saving PDCCH in CSS/USS 
	Group-UE-specific power saving PDCCH in CSS 
	Reuse the existing scheduling DCI

	Wakeup 
	
	V
	

	BWP index*
	V
	V
	V

	Triggering RS transmission
	V
	
	

	CSI report (can be jointly encoded with ‘triggering RS transmission’)
	V
	
	

	SCell PDDCH monitoring adaptations
	(V) **
	(V) **
	(V) **

	Note*: Assume maximum number of MIMO layer is BWP-specific parameter.
Note**: SCell PDCCH monitoring adaptation on SCell can be realized by the bundling PCell BWPs and SCell BWPs without additional bit field required [4] 



Proposal 14: When the adaptations triggered by BWP switching are not relevant to RF parameters, the shorter switch delay and interruption time should be supported for better UE power saving.

Observation 6: Power saving PDCCH and BWP framework together provide an efficient realization for adaptation over RF and baseband parameters, including bandwidth, max MIMO layer number, cross/same-slot scheduling, PDCCH monitoring settings and SCell operations, etc.

[bookmark: _GoBack]Observation 7: Power saving PDCCH and multiple sets of targeted baseband-only parameter values/limits can together realize efficient adaptation over baseband-only parameters, including cross-slot/same-slot scheduling, PDCCH periodicity, SCell operations, etc.
Appendix
 Resource overhead analysis for group-UE-specific and UE-specific power saving PDCCH
In Table A.1.1, we provide the signaling overhead evaluated by SLS for UE-specific and group-UE-specific power saving PDCCH. The overhead is defined as the ratio of total resources of power saving PDCCH over total resources of scheduling PDCCH. When compared with FTP traffic, the overhead in VoIP is much larger since the VoIP data amount is small and only few scheduling PDCCHs are required per packet. Table A.1.1 shows that the overhead reduction is 35.8 % for VoIP when group-UE-specific power saving PDCCH is applied. Note that in the evaluation we assume 6 UEs can share a 12-bit group-common power saving PDCCH, compared with 1-bit indication for UE-specific triggering.

Table A.1.1. Signaling overhead for UE-specific and group-UE-specific power saving PDCCH in FTP and VoIP
	
	FTP
	VoIP

	UE-specific 
	2.67 %
	54.13 %

	Group-UE-specific
	2.50 %
	18.33 %



Analysis on proper number of information bit in power saving PDCCH
Figure A.2.1 provides the link performance to check the suitable number of information bits. UE decodes/detects PDCCH by using normal decoding and simple sequence detection in Figure A.2.1(a)/A.2.1(b), respectively. The information bit number examined ranges from 2 to 6 bits. The results show that it requires around -5.5 dB and -7 dB SNR to reach miss detection rate 0.1% with AL8 for 5-6 information bits by using polar decoding and sequence detection, respectively. When only few bits are carried, there is flexibility for UE implementation. Larger AL is required when more bits are included. Therefore, in order to reduce resource overhead for UE-specific power saving PDCCH, the information bits should be no larger than 5-6 bits.

[image: ] [image: ]
A 
[bookmark: _Ref5056144]Figure A.2.1. Link performance for PDCCH with (a) decoding, (b) sequence detection
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