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Introduction
In RAN1 #98, several agreements were made regarding the design of the PDCCH-based power saving signal [1]. These agreements are provided in the Appendix. In addition, in RAN #84, the UE power saving work item was approved [2]. The first objective of the WID summarizes the goals regarding the PDCCH-based power saving signal:
1) Specify power saving techniques with PDCCH-based power saving signal/channel triggering UE adaptation in RRC_CONNECTED mode [RAN1, RAN2, RAN4] 
a) Specify procedures triggering a MAC entity to “wake up” to monitor PDCCH at reception of the PDCCH-based power saving signal/channel for the next occurrence(s) of the drx-onDurationTimer [RAN2, RAN1]
NOTE: Any change of PDCCH channel coding and payload interleaver is not in the scope
b) Specify the procedure of cross-slot scheduling power saving techniques [RAN1, RAN4]
NOTE: The procedure is in addition to Rel-15 cross-slot scheduling procedure
In this contribution, we discuss several remaining design aspects of the PDCCH-based power saving signal/channel.
Discussion
UE behaviour in Inactive Time
In the Inactive Time, the power saving signal is used to wake-up UEs to monitor PDCCH in the following ON Duration. The wake-up operation can be achieved in one of two ways:
1. Wake-up signal is transmitted before every DRX ON Duration and information within the DCI indicates whether the UE should wake-up or stay in sleep state (e.g. by using 1 bit per UE).
· This method incurs large overhead due to the periodic transmission of the WUS.
· If WUS cannot be detected, the UE can wake-up for the following ON-duration, resulting in improved robustness against misdetection. However, if it is supported to have the WUS contain additional indications such as BWP switching indication, cross-slot scheduling adaptation indication, etc. these indications cannot be retrieved in case of misdetection.

2. Wake-up signal is transmitted only when the gNB requires the UE to wake-up. In this case, if the UE does not detect the WUS, it stays in sleep state.
· The overhead of this method is less than the first option.
· In this method, if the UE cannot detect the WUS, it shall skip the ON duration, resulting in potential data loss. However, with low misdetection probability and additional mechanisms to protect against misdetection, this problem can largely be mitigated.

Based on the above, second option seems more advantageous if misdetection performance is acceptable. 
Proposal 1: Wake-up signal is transmitted only when it is required to wake-up a UE.
Proposal 2: If wake-up signal is not detected, UE does not enter Active Time (from sleep state).
Short DRX operation
When short DRX is configured, UE enters the short DRX cycle when the inactivity timer expires, or a MAC CE is received [3]. The ON duration is the same for both short and long DRX; however, the long DRX cycle may be much larger than the short DRX cycle. Therefore, there many be many short DRX ON durations between two long DRX ON durations. If WUS is not configured for short DRX, then UE would have to wake-up for all these short DRX ON durations regardless of whether there is traffic or not, resulting in potentially reduced power saving gain. So, it would be beneficial to support configuration of WUS for short DRX as well.
Proposal 3: Wake-up signal can be configured for both short and long DRX.
It has been agreed that the WUS is monitored with an offset before the start of the ON duration. The value of the offset can be signaled to the UE either by (i) implicit signaling with WUS search space configuration or (ii) explicit signaling.
Implicit signaling with search space configuration can use the existing Rel-15 search space framework. A search space with appropriate periodicity may be configured such that the monitoring occasion of the search space contains the time interval in which the WUS is to be monitored.
When both short and long DRX are configured for WUS, there may be two search space configuration options:
· Separate search space configuration for long and short DRX 
· One search space that contains separate set of parameters for both long and short DRX. 

Among these, the first options is preferable due to its simplicity and flexibility. Furthermore, it does not require any fundamental change to the search space configuration. The UE may monitor the WUS corresponding to the short DRX only when it is in short DRX (i.e., when the drx-shortCycleTimer is running) as shown in Figure 2‑1. When the UE is not in short DRX, then the UE may skip the short DRX WUS monitoring occasion. When the UE is in short DRX, it is not expected to monitor the WUS search space corresponding to the long DRX.
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Proposal 4: WUS offset is signaled implicitly with WUS search space configuration.
Proposal 5: Separate search space is used for WUS corresponding to long and short DRX.
Proposal 6: UE monitors the WUS search corresponding to short DRX only when it is in short DRX.

WUS and periodic reports
According to RAN-2 agreement [4], UE starts the DRX ON duration if WUS is detected (i.e., UE enters the Active Time); if WUS is not detected, the ON duration timer is not started. According to [3], when the UE is not in Active Time, it shall
· not transmit periodic SRS and semi-persistent SRS defined
· not report CSI on PUCCH if csi-Mask is set up
· not report CSI on PUCCH and semi-persistent CSI on PUSCH if csi-Mask is not set up

It is desirable to keep the current UE behaviour outline above to minimize the spec and implementation impact.  Requiring the UE to report periodic and semi-persistent CSI and transmit SRS even when WUS is not detected, could result in significant loss of power saving gain. In addition, the benefits of reporting CSI and transmitting SRS is not very clear when UE is not scheduled. Therefore, we propose
Proposal 7: UE does not report periodic or semi-persistent CSI and does not transmit periodic or semi-persistent SRS if WUS is not detected.
Note that, if the UE is already in Active Time during the WUS occasion, then it is not expected to monitor the WUS and perform all periodic transmissions since it is already in Active Time.
DCI design
Group-common DCI:
The overhead of the power saving signal can be significantly reduced if group-common signaling is supported to trigger multiple UEs with the same signal. In this case, to ensure that the target misdetection rate of the power saving signal is met by all UEs in the group, the AL and payload size should be appropriately selected. From the simulation results in [5] , it can be observed that AL 16 can be used to carry up to 30 information bits which is large enough to trigger a subset of UEs within a group for maximum scheduling flexibility. For example, with 1-bit indication to signal a UE to wake-up or not and m bits (e.g., 1-2 bits) to signal cross-slot scheduling information, 10 or more UEs may be supported in a group.
In group-common DCI, each UE may be configured with an index to the 1-bit indication and the indices of the bits reserved to indicate other power saving techniques such as cross-slot scheduling can be determined from the index of the 1-bit indication. The size of the group-common DCI can be aligned to another existing DCI format. A sample group-common DCI format for is shown in Figure 2‑2. A UE that is indicated to wake-up with the 1-bit indication can read the corresponding m-bit information for further processing. For a UE that is indicated not to wake-up, the corresponding m bits could be set to a predefined or random value.
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It may not be always possible to find a group UEs (e.g. in FR2 where the group UEs should be in the same beam); so, for future compatibility, it would be beneficial to support UE-specific DCI as well.
UE-specific DCI:
UE-specific power saving signal can also be used to wake-up a single UE but without the 1-bit indication. The size of the UE-specific DCI depends on the amount of information the wake-up signal needs to carry. For example, the WUS DCI can be used to dynamically enable/disable cross-slot scheduling and switch to a new BWP.
For UE-specific DCI, a new DCI format with a smaller number of bits can be considered and if needed, the DCI can be padded with redundant bits to align it to one of the existing DCI formats.
One issue to consider is whether a UE could be configured to monitor both types of DCI. Although UE specific DCI can carry a larger number of bits, according to the WID, the power saving techniques that can be signaled in the WUS is limited. So, the same information can be carried in a group-common DCI. Therefore, it is not necessary for a UE to monitor both group-common or UE-specific DCI.
Proposal 8: UE can be configured to monitor UE-specific WUS in UE-specific search space.
Proposal 9: UE is configured to monitor either group-common or UE-specific WUS.
CORESET and BWP design
Regarding the WUS CORESET, A CORESET may be reserved exclusively for the WUS or it can be shared between the WUS and other PDCCH. If the total number of CORESETS is not increased, then exclusive allocation may result in some restriction for the PDCCH. Therefore, we propose:
Proposal 10: Confirm the following working assumption:
· The CORESET for power saving signal/channel outside Active Time can be associated with (in addition to search space set for power saving signal/channel) other search space set(s).

Note that this proposal does not prevent the gNB from allocating a dedicated CORESET to the power saving signal if needed.
Regarding the BWP allocation, one option is to reserve a BWP exclusively for the WUS. In this case, the UE monitors the WUS in the reserved BWP before every DRX ON-duration and switches to another BWP in the ON-duration to receive data. One drawback of this approach is that since the active time may collide with the WUS occasion, the UE may not be able to switch back to the WUS BWP. Another drawback is loss of spectral resources since the reserved BWP is not used for data transmission. Finally, according to the WID, WUS shall not carry an indication for BWP switching. Based on these reasons, we propose:
Proposal 11: Confirm the following working assumption:
· UE monitors the PDCCH-based power saving signal/channel outside Active Time being configured on the active BWP in an active cell.   

Wake-up signal and TCI state
For FR2, beam management of the WUS is critical to achieve the required misdetection performance. Any mismatch between the transmit and receive beams may significantly deteriorate the link quality and result in unacceptable performance. Although beam sweeping could be used to increase the reliability, it would result in significant overhead increase. 
Since the PDCCH has already a beam management framework to choose the best receive beam, it is natural to determine the WUS receive beam based on the PDCCH beams. However, depending on the search space configurations, the PDCCH CORESETs that are monitored may differ from one ON-duration to the other. Therefore, the WUS receive beam can be determined from the PDDCH beams in the associated ON-duration.
Proposal 12: The receive beam for the wake-up signal is determined from the PDCCH beams in the associated ON-duration.
Protection against misdetection
False alarm rate of PDCCH based power saving signal would be very small due to the CRC. Misdetection, however, depends on the signal design and coverage of the UE. The misdetection of a wake-up-signal will result in lost data, increased latency and waste of both PDSCH and PDCCH resources. If misdetection becomes repetitive, e.g. due to loss of coverage, the impact may be significant. So, a mechanism to protect against misdetection is desirable. 
One potential mechanism to prevent WUS misdetection is for the UE to skip monitoring the WUS and wake-up in an associated ON-duration regardless of whether WUS was transmitted or not. The decision to skip monitoring the WUS can be based on a measurement of a reference signal. For example,
· If the RSRP of a reference signal (e.g. the DMRS or the RS indicated in the associated TCI state) falls below a threshold, then the UE can skip monitoring the WUS. The UE may choose not to monitor the WUS until the signal level increases above the threshold.
· The UE can skip monitoring the WUS if the PDCCH link quality degrades, e.g. the number of beam failure instances exceeds a threshold, or the UE initiates a random-access procedure for beam recovery. 

Proposal 13: UE skips monitoring the WUS if the RSRP of an associated RS falls below a threshold or the PDCCH link quality deteriorates.
Regarding misdetection prevention in the active time when the power saving signal is used to dynamically switch between cross-slot scheduling and same-slot scheduling, please refer to [6]. The specific proposal is:
Proposal 14: If at least one of K0, K2, aperiodic CSI-RS triggering offset indicated in a scheduling DCI is smaller than the corresponding minimum applicable value, UE sets K0min, K2min and minimum aperiodic CSI-RS triggering offset to a default value.
Coverage extension of the power saving signal
When the power saving signal is configured UE-specific, then link adaptation based on UE coverage can be used to optimize utilization of system resources. The coverage level of the power saving signal can be improved by using larger aggregation levels when necessary.

Given that the target misdetection rate of the power saving signal is lower than of the PDCCH, it is natural to assume that the coverage level of the power saving signal should be at least at the same level as the search space activated by the power saving signal. Then, a relationship can be introduced that the UE can use to determine the aggregation level of the power saving signal from the activated search spaces. This would help the UE reduce blind decoding complexity, resulting in additional power savings. Specifically, the aggregation level of the power saving signal could be determined from the maximum PDCCH aggregation level of the activated search spaces.

Proposal 15: The aggregation level of the power saving signal is determined by the maximum aggregation level of the activated search space.

Summary
In this contribution, we have discussed several design considerations for the PDCCH-based power saving signal. Our proposals are as follows:
Proposal 1: Wake-up signal is transmitted only when it is required to wake-up a UE.
Proposal 2: If wake-up signal is not detected, UE does not enter Active Time (from sleep state).
Proposal 3: Wake-up signal can be configured for both short and long DRX.
Proposal 4: WUS offset is signaled implicitly with WUS search space configuration.
Proposal 5: Separate search space is used for WUS corresponding to long and short DRX.
Proposal 6: UE monitors the WUS search corresponding to short DRX only when it is in short DRX.
Proposal 7: UE does not report periodic or semi-persistent CSI and does not transmit periodic or semi-persistent SRS if WUS is not detected.
Proposal 8: UE can be configured to monitor UE-specific WUS in UE-specific search space.
Proposal 9: UE is configured to monitor either group-common or UE-specific WUS.
Proposal 10: Confirm the following working assumption:
· The CORESET for power saving signal/channel outside Active Time can be associated with (in addition to search space set for power saving signal/channel) other search space set(s).

Proposal 11: Confirm the following working assumption:
· UE monitors the PDCCH-based power saving signal/channel outside Active Time being configured on the active BWP in an active cell.   

Proposal 12: The receive beam for the wake-up signal is determined from the PDCCH beams in the associated ON-duration.
Proposal 13: UE skips monitoring the WUS if the RSRP of an associated RS falls below a threshold or the PDCCH link quality deteriorates.
Proposal 14: If at least one of K0, K2, aperiodic CSI-RS triggering offset indicated in a scheduling DCI is smaller than the corresponding minimum applicable value, UE sets K0min, K2min and minimum aperiodic CSI-RS triggering offset to a default value.
Proposal 15: The aggregation level of the power saving signal is determined by the maximum aggregation level of the activated search space.
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Appendix 
Previous Agreements
In RAN1 #98, the following agreements were made on PDCCH-based power saving signal:
Working assumption:
· More than one monitoring occasion can be configured within a slot or multiple slots before the DRX ON
Agreements:
· The new DCI format for power saving signal/channel is configured to be monitored at least in CSS.  
· FFS for UESS
Agreements:
· The CRC of new DCI format for power saving signal/channel is scrambled by PS-RNTI outside active time
Agreements:
· The maximum number of CORESETs for PDCCH-based power saving signal/channel outside Active Time is no larger than the max number that can be configured inside Active Time. 
Working assumption:
· The CORESET for power saving signal/channel outside Active Time can be associated with (in addition to search space set for power saving signal/channel) other search space set(s).
Working assumption:
UE monitors the PDCCH-based power saving signal/channel outside Active Time being configured on the active BWP in an active cell.   
Agreements:
· Scheduling DCI format(s), 1-1 and/or 0-1 are enhanced to include the configurable additional field of 1-bit dynamic indication of cross-slot scheduling in the Active Time in Rel-16.  
Agreements:
· Power saving information using DCI formats 0_0/1_0 is not supported
Conclusion:
For next meeting, down select the following two alternatives: The configuration of the offset of the PDCCH-based power saving signal/channel  
· Alt1: Dedicated configuration with offset relative to the beginning of DRX ON
· Alt2: The Offset is based on search space configuration
· FFS: whether this applies to long DRX only or long/short DRX.
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