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Introduction
In RAN1#97bis[1], the design of PDCCH-based power saving signal/channel for triggering UE adaptation to the power saving techniques was discussed with the following agreements,

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

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:
[bookmark: OLE_LINK30][bookmark: OLE_LINK31]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

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:
· 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

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.

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:
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).
This contribution describes the detail in the design of the PDCCH-based power saving signal/channel.          

WUS Offset value and range 
It was agreed in RAN1#97 that power saving signal/channel in outside active time with an offset before the DRX_ON could be indicated by gNB. Furthermore, the value and the range of offset are FFS.  
The offset value is  the time window from the transmission of the power saving signal/channel outside active time to the starting time of DRX-ON. During the offset before DRX-ON, UE could receive and decode power saving signal/channel, turn on all of UE’s components to be ready for data reception. Therefore, there are many factors in determining the offset value and range as follows,

· DRX configuration - Power saving signal/channel offset is dependent on DRX configuration, such as DRX cycle, OnDurationTimer, InActivityTimer.  UE could turn off part or all of RF/baseband components in the sleep state during DRX-OFF. UE needs much time to turn on its components and prepare for the signal reception.    The Offset value is configured before the starting of DRX-ON to provide UE sufficient time for signal processing.

· Preparation time from Inactive state to Active state - Transition time from inactive state to active state is dependent on the DRX configuration and UE processing ability. When UE is waked up after the reception of power saving signal/channel, UE needs time to track channel and perform RRM/CSI measurement in preparation for the PDCCH monitoring and decoding.   

· Reliable measurement and the relation to RS configuration - UE needs to perform channel tracking and measurements after waking up in preparation for the PDCCH monitoring and data reception/transmission at DRX ON duration.  RS configuration, such as SSB and CSI-RS, is critical for UE to perform RRM/CSI measurements.   The Offset value would be set to allow UE having sufficient time and RS resources for reliable measurements.   

The Offset value configured by the gNB could be used by multiple UEs with different processing ability. The offset value could be indicated by higher layer explicit signalling or implicit through the CRORESET/SS. For explicit signalling by higher layer signalling, the offset value is configured by RRC along with the  DRX configuration. The CRORESET and search space configuration of the power saving signal/channel could be implicit indicated the offset to the DRX configuration with details in Section 3.   
[bookmark: OLE_LINK8]Proposal 1: The offset value of the power saving signal/channel before the DRX ON depends on DRX configuration, the UE processing time from inactive state to active state, and the time required for reliable measurements and its relation to RS configuraiton.  
  
[bookmark: _Ref16851749]CORESET/Search Space Configuration of Power Saving Signal/Channel outside Active Time

CORESET/Search Space Configuration 
The CORESET/search space configuration of the PDCCH-based power saving signal/channel can reuse the principle and design of the Rel-15 PDCCH CORESET/search space configured by RRC signaling. UE will find the PDCCH candidates and perform PDCCH decoding from the configured CORESET/search space.  The PDCCH-based power saving signal/channel is used for triggering UE adaptation to the traffic in different power saving schemes.  The CORESET/search space configuration of the PDCCH-based power saving signal/channel could be semi-statically configured along with the target power saving scheme, such as the DRX cycles, which can be found in Section 3.2.
It was agreed in RAN1#97 that the same DCI would carry power saving (PS) information for one or more UEs whatever the type of search space set.   The information in the DCI could include the group triggering PS information for multiple UEs but also UE-specific PS information for a specific UE.    The group information could also be configured with the UE-specific search space for all UEs in the group. 

Option 1: The DCI of WUS can carry the information for one or more UEs, which can be in USS or CSS.
Option 2: The DCI of WUS can carry the information for one or more UEs, which can be only in USS.
Option 3: The DCI of WUS can carry the information for one or more UEs, which can be only in CSS.

For Option 1, the configuration of SS set for WUS is the same as that of legacy SS set in Rel-15. The UE can monitor the WUS in USS, in which the information is UE specific PS information. If the WUS is the group-triggering signal/channel, the type of search space set can be CSS. UE in the group can obtain its PS information via detecting the WUS in CSS. For the special case, the UE-specified DCI can also be detected in CSS as that in Rel-15 PDCCH monitoring. If the functionalities of group-triggering and UE-specific triggering are both supported by WUS, Option 1 would be the best resolution for its little modification in TR.
For Option 2, the main point is how to resolve the group-triggering WUS transmitting in USS. It means that all UEs in the group would have the same search space and monitor the WUS at the same time-frequency resource.   The gNB transmits one WUS to indicate multiple UEs. The SS sets of the WUS for the UE group should be associated with the same CORESET and configured the same SS parameters including the same CORESET, the same monitoring parameters and the same RNTI. However, according to the Hash function in Rel-15[2], if the SS set of WUS is configured as USS, the CCE index would be UE specific value. 

                                           (1)


The CCE indexes might be different for the different UEs, since  in Equation (1) is associated with C-RNTI for USS. In fact, a new RNTI, e.g., PS-RNTI, will be introduced for the power saving purpose in Rel-16, whose value configuration can be up to gNB implement.  Thus, the CCE index for the WUS monitoring could be decoupled with the type of SS set, i.e. should be configurable for gNB, but not associated with CSS or USS. Since the UE-specific search space set for WUS can be flexible configured to reduce blocking probability, it can be a simplified resolution for Option 1.
For Option 3, it is easily understood that UEs in a group monitor the WUS in CSS for the group detecting. In this case, if the WUS wakes up only one UE in a group, the WUS can be seem as the UE-specific WUS and search space set of WUS would be USS-like.  From Hash function, multiple UEs in the same group would monitor the WUS at the same CCE index for the same aggregation level.  These UEs cannot distinguish each other even if they are configured the different PS-RNTIs. Only the UEs in the different groups can be separated by FDM or TDM mode, whose essence is USS for gNB. Nevertheless, the number of PDCCH candidates per CCE in CSS could limited the UE-specific WUS transmission, as shown in Table 1 [2]. Since too much restriction in CSS, the Option 3 may not be a better configuration. 
[bookmark: _Ref16528756]Table 1：CCE aggregation levels and maximum number of PDCCH candidates per CCE aggregation level for CSS sets configured by searchSpace-SIB1
	CCE Aggregation Level
	Number of Candidates

	4
	4

	8
	2

	16
	1



Proposal 2: For the three configuration schemes for the search space set of WUS, the option 1 is the best configuration scheme and the option 2 is a simplified resolution. The option 3 may not be a better configuration for its too much restriction. 

Configuration of PDDCH-based power saving signal/channel monitoring occasions
It was agreed in RAN1#97 that UE detects a WUS before the ON-duration time of C-DRX.  The search space (SS) set of the WUS would be associated with DRX cycle(s). 

If only Long DRX cycle is configured, the WUS could indicate UE whether to wake up at the upcoming one or multiple DRX cycles, kWUS = M * LongDRXCycle, M≥1. The search space configuration of the WUS can reuse the principle and design of the Rel-15 PDCCH search space configured by RRC signalling, in which the monitoring periodicity of WUS would be equal to one or times of Long DRX cycles. The PDCCH monitoring offset  needs to satisfy the following relationship:

                            (2)



where is the offset of Long DRX cycle defining the slots where the Long DRX Cycle starts and the offset is the slots before DRX on-duration for WUS reception. is the value of the Long DRX Cycle. The mod(*) is the modular operation
Figure 1: The monitoring period of WUS for Long DRX cycle configuration
If the short DRX cycle is configured, the Long DRX cycle would be used until drx-ShortCycleTimer expires. Since the drx-ShortCycleTimer is started or restarted in the first symbol after receiving the MAC-CE command to terminate the InactivityTimer or the expiry of drx-InactivityTimer[3], the start point of Long DRX cycle would be dynamically changed for the new data arrival.  If the monitoring periodicity of WUS is configured as the short DRX cycle(s) or Long DRX cycle(s), the monitoring occasion of WUS may be presented at inappropriate position, such as far away from the starting point of on-duration in Long DRX cycle or absent at the certain occasion, which are shown in Figure 2.


(a)



(b)
[bookmark: _Ref16529207]Figure 2: The monitoring periodicity of WUS is configured as the short cycles or the Long cycles, where drx ShortCycleTimer = 3 * Short DRX cycle

In this section, we propose two adaptive solutions to resolve above problems, which are as follows:
Option 1: One search space set of WUS is configured, in which two monitoring periodicities are used for the short DRX cycle and Long DRX cycle, respectively.
Option 2: One search space set of WUS is configured, in which one monitoring periodicity is reused and the value is set to short DRX cycle. The monitoring principles related to the short DRX cycle and Long DRX cycle should be considered independently.
For Option 1, two monitoring periodicities, T1 and T2, and two offsets O1 and O2 are introduced in SS set of WUS for short DRX cycle and Long DRX cycle, respectively. The value of monitoring periodicities of WUS for short DRX cycle and Long DRX cycle can be expressed as T1 = N* short DRX cycle, N≥0, and T2 = M * Long DRX cycle, M≥1, respectively, in which N≥0 means no WUS in short DRX cycle or one WUS associated with multiple short DRX cycles, and M≥1 means one monitoring occasion of WUS associated with at least one Long DRX cycle. For the offsets of WUS, O1 and O2, with regards to short DRX cycle and Long DRX cycle should satisfy the following relationships:

                  (3)

                                            (4)



[bookmark: OLE_LINK9][bookmark: OLE_LINK16]where is the offset of Long DRX cycle defining the slots where the short DRX cycle and Long DRX Cycle starts.  and are the values of the short DRX cycle and Long DRX cycle, respectively. offsetshort and offsetLong are the slots before short DRX on-duration and Long DRX on-duration for WUS reception, respectively, which can be discussed in Section 2.
[bookmark: OLE_LINK36][bookmark: OLE_LINK37]The monitoring procedure of WUS in Option 1 can be found in Figure 3. UE can detect the WUS using the different monitoring parameters adaptively based on the UE current DRX state. According to the DRX procedure in TR38.321, UE can obtain the state of DRX cycle via a set of timers. When drx-ShortCycleTimer does not expire, UE is in the short DRX cycle and monitors WUS based on the monitoring periodicity T1 and offset O1 in the search space set of WUS. When drx-ShortCycleTimer expires, UE would enter the Long DRX cycle, and then monitor the WUS using the parameters T2 and O2. 


[bookmark: _Ref16529376]Figure 3: The monitoring procedure of WUS in Option 1.
For the option 2, the legacy SS set configuration of PDCCH can be reused except for monitoring offset. The monitoring periodicity of WUS can be equal to short DRX cycle. Since the offset requirements for short DRX cycle and Long DRX cycle are different.  The additional offset O1 should be introduced for short DRX cycle. In order to avoid the WUS monitoring occasion appears at the unexpected positions, the monitoring principle of WUS should be specified with regard to the DRX state, i.e. Principle A and Principle B for short DRX cycle and Long DRX cycle, respectively. That means UE need not to monitor the WUS at each configured monitoring occasion. According to the DRX procedure in TR38.321[3], UE can obtain the state of DRX cycle via a set of timers. When UE is in short DRX cycle, UE would monitor the WUS using Principle A, in which N (N≥0) times of monitoring periodicity and offset O1 are applied. When UE in the Long DRX cycle, the WUS would be monitored based on Principle B, in which M (M=K*m, m≥1, Long DRX cycle is K times of short DRX cycle.) times of monitoring periodicity and offset O2 are used. The monitoring offsets O1 and O2 should satisfy the relationships, which are expressed as Equations (5) and (6), respectively.

                                  (5)

                                             (6)


where  the offset of Long DRX cycle defining the slots where the short DRX cycle and Long DRX Cycle starts.   is the value of short DRX cycle. offsetshort and offsetLong are the slots before short DRX on-duration and Long DRX on-duration for WUS reception, respectively, which can be discussed in Section 2.
The parameters related to monitoring principle N and M can be configured by higher signalling. In option 2, we can find that the monitoring occasions of WUS in short DRX cycle would be a subset of PDCCH MOs configured by higher signalling. As specified in TR 38.331, the value of Long DRX cycle shall be a multiple of the short DRX cycle value, the MOs of WUS in Long DRX cycle would be another set of PDCCH MOs configured by higher signalling.


Figure 4: The monitoring procedure of WUS in Option 2.
According to the description of above schemes, when the short DRX cycle configured, UE can adaptively monitor the WUS according to the state of DRX cycle. For Option 1, some additional parameters, i.e. the monitoring periodicity and offset, would be introduced for short DRX cycle. The monitoring parameters of WUS could be chosen adaptively in different DRX cycle. For Option 2, the configuration of SS set can be the same as that of legacy SS set for only Long DRX configured. The monitoring principle of WUS should be further specified according to the type of DRX cycle, such as WUS monitoring only in Long DRX cycles at the certain periodicity. However, the complexity of these two adaptive schemes due to short DRX cycle configured should be considerable. Furthermore, the adaptive monitoring schemes can be simplified to WUS detected only in Long DRX cycle, i.e. N=0, especially for short DRX cycle with smaller value. Other solutions, such as PDCCH skipping, could be considered for short DRX cycle configured without the confusion of configuration.
Observation 1: The two adaptive monitoring schemes in this section can be appropriate for the short DRX cycle configured. However, the complexity of these two adaptive schemes due to short DRX cycle configured should be considerable.
Observation 2: For Option 1, some additional parameters, i.e. the monitoring periodicity and offset for short DRX cycle, would be introduced. The monitoring parameters of WUS could be chosen adaptively according to the different DRX cycle.
Observation 3: For Option 2, the configuration of SS set can be the same as that of legacy SS set if WUS would be monitored only in Long DRX. The monitoring principle of WUS should be further specified according to the type of DRX cycle, such as WUS monitoring only in Long DRX cycles at the certain periodicity.
Proposal 3: If only Long DRX cycle is configured, the WUS could indicate UE whether to wake up at the upcoming one or multiple DRX cycles.
Proposal 4: When short DRX cycle is configured, the WUS would be monitored only in Long DRX cycle for simple.
Aggregation level 
The aggregation level of the PDDCH-based power saving signal/channel would be determined by the designed coverage.   Multiple aggregation levels were designed for NR to allow gNB to schedule UEs in different coverage area in a given CORESET to accommodate for different channel qualities and reduce the CORESET resource overhead.   If the CORESET is UE-specifically configured and not shared with other UEs, the aggregation level configured for a UE could be simplified based on the cell coverage to minimize the number of the blind decoding.   In particular, the periodicity of the PDDCH-based power saving signal/channel is expected to much larger than that of PDCCH.  The need of different aggregation levels in reducing the power saving signal/channel overhead is small.   Thus, one aggregation level for a given CORESET is sufficient for the PDDCH-based power saving signal/channel based on the deployment scenario and the target operation point.
Proposal 5:  The number of aggregation levels configured for the PDDCH-based power saving signal/channel should be minimized (e.g., 1) based on the deployment scenario and the operation point.  

Number of Blind Decoding of the PDDCH-based power saving signal/channel
If the CORSET is UE-specific configured without sharing with other UEs and one aggregation level is configured, UE can decode the PDDCH-based power saving signal/channel without any blind decoding.  This will also improve the decoding performance of the PDDCH-based power saving signal/channel.   
Proposal 6:   The number of blind decoding for the PDDCH-based power saving signal/channel should be minimized with the target to be 1.  

PDCCH-based power saving signal configuration and monitoring occasion in multi-beam configuration 
The PDCCH-based power saving signal/channel could be beamformed to extend the coverage before transmitting in multi-beam configuration.  The beamformed power saving signal/channel is needed for FR2.  UE could be covered by any one of the multiple beams at a given time.  The optimized transmission beam direction might diverge with time varying, as shown in Figure 5. UE might receive DL transmission from different beams.  Beams mismatch will degrade power saving signal/channel performance significantly during the DRX OFF state when DRX is configured. 

                                                                
[bookmark: _Ref7817342]Figure 5: Beamformed power saving signal/channel
To achieve robustness of transmission of power saving signal/channel, it was agreed in RAN1#97 meeting that one or more PDCCH monitoring occasion of PDCCH-based power saving signal/channel is supported outside Active Time. There are two power saving signal/channel transmission schemes to support multiple WUS transmission resources before one DRX ON cycle. 
Alt.1: transmission of power saving signal/channel in multiple WUS occasions with multiple beams
Alt.2: Power saving signal/channel repetition in multiple WUS occasions with single beam
For Alt..1, the CORESET of power saving signal/channel should be configured for each beam in order for UE to detect when gNB suspend the beam management during the UE sleep.  Each beam is configured with a CSI-RS or SSB for beam management.  The CORESET of the power saving signal/channel should be QCL with a given CSI-RS or SSB resource in multi-beam configuration.  Then, CORESET of the PDDCH-based power saving signal/channel should be configured for each beam with each beam QCL’d with a CSI-RS resource or SSB to provide better power saving signal/channel detection performance.
Alt.2 can facilitate UE to acquire optimal Rx beam for power saving signal/channel in FR2 through performing beams sweeping in UE side. However, before decoding power saving signal/channel, UE needs to QCL’s with a CSI-RS or SSB to perform beam training and tracking. UE can achieve best Rx beam according to QCL’s SSB/CSI-RS repetition even in DRX OFF duration. On the other hand, as shown in Figure 6, due to deviation from optimized direction of Tx beam during sleep state, beam sweeping performed by UE for power saving signal repetition with the same beam might not satisfy the requirement of beam change tracking.  Finally, beam sweeping operation in UE side will consume more power than that in gNB side.   Power saving signal repetition with the same beam need not be specified in R16 phase. 


[bookmark: _Ref15979406]Figure 6:  UE performs beams sweeping
Proposal 7: The CORESET of the PDDCH-based power saving signal/channel should be configured for each beam with each beam QCL’d with a CSI-RS resource or SSB to provide better power saving signal/channel detection performance.
Proposal 8: Power saving signal repetition with the same beam need not be specified in R16 phase.  
When multiple monitoring occasions is configured for FR2,  the monitoring occasions of the  PDCCH-based power saving signal/channel in the same slot or not for multiple monitoring occasions is FFS in RAN1#97 meeting. In our point of view, configuration of multiple monitoring occasions in same slot reducing processing time of power saving signal/channel has higher priority for energy saving and low latency purpose.  However, there might be some cases where it is difficult to configure multiple WUS monitoring occasions in same slot, e.g., PDCCH and WUS sharing one slot or configuration of UL symbols in one slot. Configuration of multiple monitoring occasions in multiple slots provides gNB more flexibility on power saving signal/channel transmission.

Proposal 9: Configuration of multiple monitoring occasions in same slot has higher priority.
To support multiple beams WUS transmission, network may configure multiple search spaces for UE before DRX ON cycle, and each search space corresponds to a CORESET with different TCI state and QCL assumption. Although at most 5 CORESETs are agreed to support multi-TRP transmission according to UE capability agreed in RAN1#97. To reduce system overhead, up to 3 CORSEETs per BWP defined in R15 can be reused for power saving signal/channel outside Active Time. If the CORESET was exclusively used by power saving signal/channel, power saving signal/channel would block PDCCH transmission significantly in case of multiple beams WUS transmission of FR2. Then, the CORESET of power saving signal/channel should be shared with that of PDCCH.  
Proposal 10: Up to 3 CORSEETs per BWP defined in R15 can be reused for power saving signal/channel outside Active Time.
Proposal 11: The CORESET of power saving signal/channel should be shared with that of PDCCH.  
For FR1, the beamformed power saving signal/channel could be achieved through digital beamforming. The CORESET could be mapped to the same resources for all beams.  It implies that all CORESETs are QCL’d to one CSI-RS resource or SSB.  UE would receive the power saving signal/channel in the form of SFN combination from all beams.  Multiple WUS occasions can not be supported outside active time for FR1. 
Proposal 12: The CORESET of the digital beamformed power saving signal/channel should be configured at the same radio resource with all beams QCL’d to one CSI-RS resource or SSB. 
  
Procedure of power saving signal/channel triggering UE adaptation to the power saving techniques 
The PDCCH-based power saving signal/channel is used to trigger UE whether to wake up in DRX cycle and to indicate whether UE would have DL data to receive at the upcoming DRX ON period. UE will monitor the power saving signal/channel before the DRX ON period.  If the UE receives GTS from the power saving signal/channel before the DRX cycle, UE would assume that there is no data for him and will stay in the sleep without waking up. If WUS is received by the UE, UE is woken up to be ready to monitor PDCCH during upcoming  active time The following are  options for WUS/GTS indication: 
Option 1: WUS is indicated explicitly with the bits in the power saving signal/channel, and no UE woken up can be indicated implicitly by no transmission of power saving signal/channel
Option 2: WUS and GTS are indicated explicitly with the bits in the power saving signal/channel. Whether the indication is WUS or GTS, the power saving signal/channel is always transmitted.
Option 3:  GTS is indicated explicitly with the bits in the power saving signal/channel, and WUS is indicated implicitly by no transmission of power saving signal/channel
For option1, UE-specific WUS is indicated explicitly with the bit(s) in power saving signal/channel, and GTS are indicated implicitly by no transmission of power saving signal/channel. If UE does not receive the power saving signal/channel before the DRX cycle, UE will stay in the sleep state. However, if the power saving signal/channel is miss-detected, UE will go to sleep and miss to decoding the PDCCH in the subsequent DRX ON. For group-common power saving PDCCH, WUS and GTS can be both indicated explicitly to UEs, or with the exception that if no UEs wake up, no power saving signal/channel is transmitted.  
Compared with the option 1, options 2&3 can be more robust to PDCCH miss detection. However, from the statistical results in [5], it is observed from the LTE deployment that there is not any DL/UL scheduling in a large percentage of DRX cycles. More resource will be cost and the implementation in gNB is more complicate than option 2.
Proposal1 13:  No UE woken up is indicated implicitly by no transmission of power saving signal/channel for resource saving and implementation complexity. 
As discussed, miss detection of PDCCH in active time will occur if GTS is indicated implicitly. DMRS sequence of PDCCH can be used to improve the miss detection performance. The performance of DMRS sequence detection and PDCCH decoding is shown in Figure 7 with false alarm = 10-2 for DMRS detection. For BLER = 10-3, the performance of DMRS is about 1dB better than that of PDCCH decoding. Furthermore, the UE can firstly do DMRS presence detection to exclude PDCCH candidates that are not expected to transmit the WUS/GTS to reduce the power cost by PDCCH decoding.  

[image: ]
[bookmark: _Ref16597918]                                           Figure 7: Performance of DMRS detection and PDCCH decoding

As we know, NR supports 2 mapping patterns for PDCCH DMRS as follows :
· they are within the resource element groups constituting the PDCCH the UE attempts to decode if the higher-layer parameter precoderGranularity equals sameAsREG-bundle,
· all resource-element groups within the set of contiguous resource blocks in the CORESET where the UE attempts to decode the PDCCH if the higher-layer parameter precoderGranularity equals allContiguousRBs. 
The above simulation is based on the first pattern  of PDCCH DMRS- within the resource constituting the PDCCH. If considering the second pattern -within the set of contiguous resource blocks in the CORESET, the performance can be improved furthermore.
Proposal1 14 : PDCCH DMRS detection can be used for assistance of power saving signal/channel detection.
Considering the false alarm rate, e.g. 10-2, is higher for DMRS detection, UE is possible to be woken up falsely. If the DMRS of a PDCCH candidate is detected to be present, while CRC of PDCCH decoding is wrong, the false alarm of PDCCH is possible to occur.  In this case, the reporting for periodic and semi-persistent CSI should be restricted. 
In 38.321, the reporting for CSI is specified as following:
1> if CSI masking (csi-Mask) is setup by upper layers:
2>	in current symbol n, if onDurationTimer would not be running considering grants/assignments/DRX Command MAC CE/Long DRX Command MAC CE received until 4 ms prior to symbol n when evaluating all DRX Active Time conditions as specified in this subclause:
3>	not report CSI on PUCCH.
1> else:
2>	in current symbol n, if the MAC entity would not be in Active Time considering grants/assignments/DRX Command MAC CE/Long DRX Command MAC CE received and Scheduling Request sent until 4 ms prior to symbol n when evaluating all DRX Active Time conditions as specified in this subclause:
3>	not report CSI on PUCCH and semi-persistent CSI on PUSCH.
Regardless of whether the MAC entity is monitoring PDCCH or not, the MAC entity transmits HARQ feedback, aperiodic CSI on PUSCH, and aperiodic SRS defined in TS 38.214 [7] when such is expected.
In current spec, the periodic and semi-persistent CSI reporting is related with the ON duration timer. If DMRS is detected to be present and CRC of PDCCH decoding fails, it would be better for UE not to transmit periodic and semi-persistent CSI report during Active Time or to transmit periodic and semi-persistent CSI report when InactivityTimer is running. If InactivityTimer is running, UE can make sure that gNB had woken him up, because  InactivityTimer is trigger by actually received PDCCH. 
Proposal 15: If DMRS of power saving PDCCH is detected but with failed CRC check of PDCCH decoding, UE could not perform periodic and semi-persistent CSI report during Active Time or only  perform periodic and semi-persistent CSI report when InactivityTimer is running. 

Power saving signal/channel transmission in Active Time
In RAN1#97 meeting, it was agreed that the power saving technique is supported at least by the enhancement of existing scheduling DCI formats with additional field(s), when UE is in the Active Time. There are some FFS for power saving signal in active time discussed in this section, including:
· 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.
[bookmark: OLE_LINK34][bookmark: OLE_LINK35][bookmark: OLE_LINK32][bookmark: OLE_LINK33]It was agreed that power saving technique could apply to UE-specific search space. Existing scheduling DCI format monitored in USS can include fallback DCI(s) and non-fallback DCI(s). For non-fallback DCI configured in USS only, DCI bit fields is configurable and it is much natural to configure additional bit field in non-fallback DCI for carrying power saving information. 
In additional to USS, UE can monitor fallback DCI(s) in CSS. E.g., DCI format 1_0 can be monitored in type 0/1/2 CSS to schedule cell-specific information and type 3 CSS for scheduling group common and UE specific information. Then, if power saving information was included in fallback DCI, there are two alternatives to support coexistence between R15 legacy UE and Rel-16 UEs supporting power saving mode.
· Alt 1: Rel-15 UEs could reuse normal mode fall back DCI, and R16 UEs could employ power saving mode fallback DCI.
· Alt 2: type0/type1/type2 CSS configure normal mode fall back DCI, and type3 CSS/USS transmission use power saving mode fallback DCI.
For Alt.1, additional resource is needed for R16 UEs to transmit DCI with CRC scrambled by a SI-RNTI, RA-RNTI, P-RNTI, etc. For Alt.2, power saving mode fallback DCI is a new DCI format, which might degrade DCI budget performance. Therefore, if fallback DCI was used for transmitting power saving information, it will cause additional overhead.
If power saving information was included in fallback DCI(s), the ambiguity issue might happen as well as additional overhead. An example is shown in Figure 8. First, gNB indicates UE conversion from power saving mode to normal mode using RRC signalling with power saving mode DCI 1_0.  The UE successfully receive RRC reconfiguration signalling and feedback ACK to gNB, but gNB receive fake ‘NACK’ and start to schedule RRC reconfiguration retransmission with power saving mode DCI 1_0. However, after parsing RRC signalling, UE will continually monitor normal DCI format 1_0. The ambiguity will occur between gNB and UE. Therefore, fallback DCI(s) should not be used for transmission of power saving information.



[bookmark: _Ref16423186]Figure 8: RRC configuration/reconfiguration ambiguity

Observation 4: If power saving information was included in fallback DCI(s), the ambiguity might happen as well as additional overhead.
Proposal 16: Fallback DCI(s) should not be used for transmission of power saving information.
For non-scheduling DCI, e.g., DCI format 2_x, it can be utilized for scheduling group common information in type 3 CSS. As DCI size is proportional to number of UEs within group, including power saving information in non-scheduling DCI will cause DCI size increase significantly. On the other hand, cross-slot scheduling is dependent on UE traffic characteristic. Then, it is unnecessary to reuse of non-scheduling DCI formats to carry power saving information in Active Time.
As NR supports fallback DCI format and DCI format 2_x monitored in CSS, existing scheduling DCI formats with additional power saving field should not apply to CSS in Active Time.  
Proposal 17: It is unnecessary to reuse non-scheduling DCI to carry power saving information in Active Time.
Proposal 18: Existing scheduling DCI formats should not apply to CSS for power saving information transmission in Active Time.  
Power Saving Signal/Channel Triggering UE Power Saving Techniques 
Power Saving Signal/Channel Triggering Adaptation to DRX operation

[bookmark: OLE_LINK12][bookmark: OLE_LINK13]If the WUS is explicit mode, from the concise design of DCI bit field of view, at least 1 bit would be used to indicate UE whether woken up in the next DRX cycle(s). The details of the power saving indication can be list in the following table. If the WUS is implicit indication and the group-triggering functionality is supported, at least 1 bit would also be needed to indicate the member in the group to wake up or sleep. Otherwise, if the WUS is only used to trigger the specific UE via implicit mode, the indication of WUS can be absent.

Table 2：The bit filed indication example for power saving indication
	The bit filed indication
	Description 

	1
	Indicates UE to wake up in the next DRX cycle(s)

	0
	Indicates UE to keep sleeping in upcoming time in active time




Indication of the configuration of DRX for upcoming DRX ON  

In RAN1#97bis, it is agreed that for the multiple DRX durations associated with one power saving signal/channel as following:  
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) 
Power saving signal/channel can be utilized for indication of DRX configuration of upcoming multiple DRX with bitmapping. With DRX configuration, if the gNB knows in advance that no PDCCH/PDSCH would be scheduled in  N continuous DRX cycles, the power saving signal/channel before corresponding DRX ON periods can be used to indicated for the UE to continue staying in the sleep state at the N DRX cycles for power saving as shown in Figure 9.  Although UE might  be woken up occasionally to perform measurements, such as RRM measurements, it will be UE implementation with minimizing the UE power consumption.  



[bookmark: _Ref16931460] Figure 9 : Power saving signal/channel triggering UE WUS/GTS in multiple DRX cycles.

Proposal 19:  Power saving signal/channel can be used for the indication of UE woken up or not at the next N DRX cycles.

 New DCI design outside Active Time 

New DCI contents and size

The revision of NR UE power saving WI [4] was agreed in RAN#84. Cross-slot scheduling and MIMO layer configuration power saving techniques will be included as the power saving techniques.  From the evaluation of power saving schemes in RAN1, other potential power saving techniques such as PDCCH skipping, L1 based GTS, indication of PDCCH monitoring periodicity, etc., can provide significant power saving gain. The PDCCH-based power saving signal/channel should be designed with forward looking to consider other possible power saving schemes. The reserved bits are needed for the design of power saving signal/channel to incorporate more power saving techniques in the future.
Suggestions on DCI contents are given in Table 3.

[bookmark: _Ref16094475]Table 3: DCI contents
	Contents
	Bits number
	UE specific power saving signal
	Group UEs power saving signal
	Note


	Power saving signal type indication
	1 
	√
	√
	Refer to section 7.2

	WUS/GTS indication
	1
	√
	√
	Refer to section 6.1

	Cross slot scheduling
	1-2
	√
	
	

	A-CSI-RS
	1-4
	√
	√
	

	Indication of monitoring the subsequent ON durations
	1-4
	√
	
	Refer to section 6.2

	SCells activation
	2-6
	√
	
	

	Reserved bits
	FFS
	√
	√
	


The DCI content of the PDCCH-based power saving signal/channel should include the combination of different power saving schemes and each information bit field size should be configurable. Total DCI contents size might be large, especially in the case of carrying multiple UE power saving information. To ensure good miss detection performance of power saving signal outside Active Time, DCI size should be properly restricted. E.g., DCI size can be 12bits for UE specific power saving signal/channel, which is the minimum payload size applied to polar codes. For UEs group power saving signal, appropriate DCI size can be configured using RRC signaling. 
Proposal 20: DCI size can be 12bits for UE specific power saving signal/channel.

New DCI structure
A new DCI format was introduced outside Active Time as agreed in RAN1#97.  New DCI format should support both UE specific and UEs group specific power saving signal/channel with same DCI structure. A unified DCI format should be designed to have the flexibility of includeing multiple information fields in indicating the combination of different power saving schemes for one UE or more UEs.
[bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: OLE_LINK3][bookmark: OLE_LINK1][bookmark: OLE_LINK2]Flexibility and overhead of power saving signal/channel should be considered for supporting energy efficiency. Unified structure can include three stages of DCI: the power saving signal type indication, the bitmap and power saving information bit fields, as shown in Figure 10. The 1st stage indication is used to identify whether the power saving signal/channel is UE specific or group common. E.g., bit “1” and “0”is used to explicitly indicate that the energy saving signal is UE specific and UEs group specific power saving signal/channel respectively. Power saving signal/channel type can also be implicitly instructed via search space configuration, such as the USS and CSS is only used for transmission of UE specific and UE groups specific power saving signal/channel, respectively.




[bookmark: _Ref16174446]Figure 10: Unified DCI structure
· [bookmark: OLE_LINK6][bookmark: OLE_LINK7]UE specific power saving signal/channel

[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Three stages DCI can be employed to indicate the combination of UE specific power saving schemes as shown in Figure 11. The 2st stage of the bit-map indicates the combination of power saving schemes (functions) include in the DCI.   The 3rd stage is the exact function to indicate the power saving scheme.  The 2st stage indication could provide the information whether any of the functions would be included in the DCI contents.  There is no need to have one code point in each function to address the function being “OFF”.     The 3-stage indication is flexible for varied power saving function configurations. 


[bookmark: _Ref16342978]Figure 11: Unified DCI to indicate combination of power saving functions of single UE

· UEs group power saving signal/channel
[bookmark: OLE_LINK14][bookmark: OLE_LINK15]Unified DCI can be utilized to instruct the combination of multiple UEs power saving schemes: 1st stage DCI provides UEs group power saving signal/channel indication; 2st stage indication indicates whether any of the UEs within one group would be woken up before DRX ON cycle; the 3rd stage is the exact power saving information corresponding the woken UEs. 
[bookmark: OLE_LINK24][bookmark: OLE_LINK25][bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK18][bookmark: OLE_LINK19][bookmark: OLE_LINK20][bookmark: OLE_LINK21]When each UEs within one group is configured with power saving information with fixed power saving states number, unified DCI structure is shown in Figure 12. In this case, WUS/GTS indication can be utilized as the bitmap and will not be included in the following power saving information part, which does not cause any bitmap overhead. Assume total group UEs number N1=16, bit field size per UE T=[4,5,6],  bit fields number=[1:1:12], DCI size reduction ratio between proposal unified DCI and no bitmap case (1+16*T) is given in Figure 13. We can see that proposal unified DCI structure can achieve 18.5% ~77.3% DCI size reduction ratio for above simulation parameter. 



[bookmark: _Ref16347235][bookmark: _GoBack]Figure 12: Unified DCI to indicate group UEs power saving information with fixed states number

[image: ]
[bookmark: _Ref16354575]Figure 13: DCI size reduction ratio with unified DCI design             
Observation 5: Compared with no bitmap case, proposal unified DCI structure can achieve 18.5% -77.3% DCI size reduction ratio reduction.
With fixed power saving information size per UE, unified DCI design is very simple. However, in reality, variable power saving information size can provide gNB more flexibility for indication of power saving of UE. To support variable power saving states number per UE, each bit fields configured by gNB has fixed bits size, but one UE can be configured with multiple bitmap positions, as shown in Figure 14.


[bookmark: _Ref16357068]Figure 14: Unified DCI to indicate group UEs power saving information with variable states number
[bookmark: OLE_LINK26][bookmark: OLE_LINK27][bookmark: OLE_LINK28][bookmark: OLE_LINK29]Proposal 21: The proposed three-stage DCI should be specified for carrying one or more UEs power saving information. 

Evaluation of PDCCH based power saving signal/channel
The PDCCH based power saving signals/channels is evaluated with target miss detection probability at 0.1%.  More specifically, PDCCH with AL=4,8,16, bundle size=6, 2 symbols CORSET are evaluated and detail simulation assumption can be found in the appendix.  Miss detection performance of PDCCH based power saving signal/channel in AWGN and fading channel is given in Figure 15-16 with the payload size of DCI being 12, 16, 32, and 80. The operation point of the PDCCH based power saving signal/channel is based on the coverage of the deployment scenario, e.g., SINR = -2 dB.   We can see that AL=8 with the payload size of DCI=12 can provide good miss detection performance. With increase of DCI size, miss detection performance of PDCCH based power saving signal/channel degrade significantly then compact DCI is preferable in DCI design.
 [image: ]
[bookmark: _Ref16934943]Figure 15: Miss detection of power saving signals/channels in AWGN channel
[image: ]
[bookmark: _Ref16934920]Figure 16: Miss detection of power saving signals/channels in fading channel
Observation 6: AL=8 and the payload size of DCI=12 can provide good miss detection performance for PDCCH based power saving signal/channel.

Conclusion: 
In this contribution, PDCCH based power saving signal/channel design and performance evaluation are discussed and analyzed.  We have the following observations and proposals, 
Observation 1: The two adaptive monitoring schemes in this section can be appropriate for the short DRX cycle configured. However, the complexity of these two adaptive schemes due to short DRX cycle configured should be considerable.
Observation 2: For Option 1, some additional parameters, i.e. the monitoring periodicity and offset for short DRX cycle, would be introduced. The monitoring parameters of WUS could be chosen adaptively according to the different DRX cycle.
Observation 3: For Option 2, the configuration of SS set can be the same as that of legacy SS set if WUS would be monitored only in Long DRX. The monitoring principle of WUS should be further specified according to the type of DRX cycle, such as WUS monitoring only in Long DRX cycles at the certain periodicity.
Observation 4: If power saving information was included in fallback DCI(s), the ambiguity might happen as well as additional overhead.
Observation 5: Compared with no bitmap case, proposal unified DCI structure can achieve 18.5% -77.3% DCI size reduction ratio reduction.
Observation 6: AL=8 and the payload size of DCI=12 can provide good miss detection performance for PDCCH based power saving signal/channel.

Proposal 1: The offset value of the power saving signal/channel before the DRX ON depends on DRX configuration, the UE processing time from inactive state  to active state, and the time required for reliable measurements and its relation to RS configuraiton. 
Proposal 2: For the three configuration schemes for the search space set of WUS, the option 1 is the best configuration scheme and the option 2 is a simplified resolution. The option 3 may not be a better configuration for its too much restriction. 
Proposal 3: If only Long DRX cycle is configured, the WUS could indicate UE whether to wake up at the upcoming one or multiple DRX cycles.
Proposal 4: When short DRX cycle is configured, the WUS would be monitored only in Long DRX cycle for simple.
Proposal 5:  The number of aggregation levels configured for the PDDCH-based power saving signal/channel should be minimized (e.g., 1) based on the deployment scenario and the operation point.  
Proposal 6:   The number of blind decoding for the PDDCH-based power saving signal/channel should be minimized with the target to be 1.  
Proposal 7: The CORESET of the PDDCH-based power saving signal/channel should be configured for each beam with each beam QCL’d with a CSI-RS resource or SSB to provide better power saving signal/channel detection performance.
Proposal 8: Power saving signal repetition with the same beam need not be specified in R16 phase.
Proposal 9: Configuration of multiple monitoring occasions in same slot has higher priority.
Proposal 10: Up to 3 CORSEETs per BWP defined in R15 can be reused for power saving signal/channel outside Active Time.
Proposal 11: The CORESET of power saving signal/channel should be shared with that of PDCCH.
Proposal 12: The CORESET of the digital beamformed power saving signal/channel should be configured at the same radio resource with all beams QCL’d to one CSI-RS resource or SSB. 
Proposal1 13:  No UE woken up is indicated implicitly by no transmission of power saving signal/channel for resource saving and implementation complexity. 
Proposal1 14 : PDCCH DMRS detection can be used for assistance of power saving signal/channel detection.
Proposal 15: If DMRS of power saving PDCCH is detected but with failed CRC check of PDCCH decoding, UE could not perform periodic and semi-persistent CSI report during Active Time or only  perform periodic and semi-persistent CSI report when InactivityTimer is running. 
Proposal 16: Fallback DCI(s) should not be used for transmission of power saving information.
Proposal 17: It is unnecessary to reuse non-scheduling DCI to carry power saving information in Active Time.
Proposal 18: Existing scheduling DCI formats should not apply to CSS for power saving information transmission in Active Time.
Proposal 19:  Power saving signal/channel can be used for the indication of UE woken up or not at the next N DRX cycles.
Proposal 20: DCI size can be 12bits for UE specific power saving signal/channel.
Proposal 21: The proposed three-stage DCI should be specified for carrying one or more UEs power saving information. 
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Appendix

Table 4: Simulation assumption for power saving signal/channel
	Parameter
	value

	Carrier frequency
	4 GHz

	Channel model
	AWGN/TDL-C 100ns

	SCS
	15KHz

	Mobile speed/Doppler shift
	10 Hz (3 km/h)

	Antenna configuration
	{2,1}/{2,2}

	AL
	4,8,16
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