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Introduction
In RAN-1 #96b, several agreements were made regarding the design of the PDCCH based power saving signal [1]. These agreements are provided in the Appendix.
According to the agreements, the design of the PDCCH based power saving signal is going to use the same design framework of the NR PDCCH. It is envisioned that the power saving signal can support both UE-specific and group-common configurations. The details of the design such as supported DCI sizes and formats, DCI contents, search space configurations, etc. are to be further discussed.
In this contribution, we discuss the design aspects of PDCCH based power saving signal/channel. We first present link level simulation results to assess the trade-off between aggregation level and power saving signal DCI payload size for the target misdetection rate of 10-3. Then, we provide our views on the design considerations and make specific proposals.
Discussion
Simulation results
The misdetection performance of the PDCCH based power saving signal is investigated with link level simulations. The detailed simulation assumptions are provided in the Appendix. In the simulations, aggregation levels of 2, 4, 8, and 16 are used and DCI payload of 2, 4, 8, 10, 12, 20, and 30 information bits are assumed. A CRC of 24 bits is appended to the information bits and polar encoding as defined in NR is used.
For TDL-C-300ns channel, Figure 2‑1(a) illustrates the BLER while Figure 2‑1(b) illustrates the minimum SNR required for a given DCI size to achieve the target 10-3 BLER. Similarly, Figure 2‑2 illustrates the same quantities for the TDL-C-100ns channel. From these figures, we can see that to achieve the target misdetection rate, the minimum required SNR increases with increasing payload size and decreases with increasing AL.
The target BLER, at the cell edge SNR of -6 dB, can only be achieved with ALs of 8 and 16. For the TDL-C300ns channel, 4 bits of DCI can be supported with AL 8 while up to 30 bits of DCI can be supported with AL 16. On the other hand, for the TDL-C100ns channel, only 2 bits of DCI can be supported with AL 8. For ALs that are smaller than 8, higher SNR values are needed to achieve the target misdetection rate.
Although using a large single AL can be beneficial in terms of reducing blind decoding complexity, this would cause unnecessary signaling overhead as UEs with good coverage need lower ALs. Therefore, like in NR, link adaptation using ALs can be used to achieve good tradeoff between misdetection performance and signaling overhead.
Proposal 1: Link adaptation using aggregation levels is supported for power saving signal.
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[bookmark: _Ref7698714]Figure 2‑1 (a) TDL-C300ns channel: (a) Misdetection performance (b) SNR required for 10-3 BLER rate 
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[bookmark: _Ref7698739]Figure 2‑2 TDL-C100ns channel: (a) Misdetection performance (b) SNR required for 10-3 BLER rate

Power saving signal design
Group-common power saving signal
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, 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 the group for maximum scheduling flexibility. For example, with 12 UEs in a group, 1 or 2 bits per UE could be allocated in the power saving signal DCI. As an important use case, with 1 or 2 bits per UE, triggering wake-up for the upcoming DRX ON duration can be achieved.

Proposal 2: Group-common power saving signal is supported.
Proposal 3: Triggering a subset of UEs within a group is supported.
DCI design
While deciding on the DCI formats and sizes, several design criteria should be considered. One of them is that it is not desirable to increase the number of DCI sizes configured for the UE in NR. According to the NR specification [2], 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. Another criterion is that the information the power saving signal is going to carry depends on which power saving techniques are supported.
One of the agreements in RAN-1 #96b was that existing DCI can also be considered for power saving purpose. The benefits of this approach could be listed as reducing signaling overhead and delay caused by the power saving signal. There may be several use cases of such an approach:
· Parameters within the scheduling DCI can implicitly trigger certain power saving behavior. For example, as discussed in [3], the K0/K2 parameter in the scheduling DCI can trigger a UE to transition from cross-slot scheduling to Rel 15 based regular scheduling.
· Detection of the scheduling DCI can trigger antenna adaptation for power saving. For example, a UE can use a smaller number of RF chains for PDCCH monitoring but can increase the number of RF chains once a DCI is detected. The UE then continues to receive the PDSCH with a larger number of RF chains.

Proposal 4: Indication of the minimum K0 and K2 values using the scheduling DCI is supported.
Proposal 5: Antenna adaptation between PDCCH and PDSCH triggered by the scheduling DCI is supported.

The DCI design can be considered for the DRX inactive and active times separately:
Inactive time:
During this time, the power saving signal is used to trigger UEs to wake-up for the upcoming DRX ON period. Group-common signaling can be used to reduce signaling overhead. The DCI size of the group-common power saving signal can be the same as one of the existing DCI formats. In addition, a new RNTI e.g., PS-RNTI, can be considered. 
UE-specific power saving signal can also be used to wake-up a single UE. The size of the UE-specific DCI depends on the amount of information the wake-up signal needs to carry. 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 match it with one of the existing DCI formats.
Active time:
The power saving signal transmitted in the active time can be both UE-specific and group-common. The DCI formats and RNTIs proposed for the inactive time can also be used for the power saving signal in the active time. However, the contents of the signal need to be changed for the specific power saving techniques that are supported.
Proposal 6: A new RNTI can be considered for group-common power saving signal and the DCI size can be matched to an existing DCI format.
Proposal 7: A new DCI format and C-RNTI can be considered for UE-specific power saving signal.

Search space activation/deactivation
One important information the power saving signal can carry is activation or deactivation of a search space the UE monitors during the active time. Activating certain search spaces and deactivating others can substantially increase the power saving gain and reduce bling decoding complexity. One alternative is for the power saving signal to explicitly activate/deactivate search spaces, e.g. using a bitmap. Another alternative that suffers from less signaling overhead is to configure an association between the power saving signal and a corresponding set of search spaces. For example, in Figure 2‑3, the wake-up signal is associated to the search space set with SearchSpaceID = 1 and this search space is activated when the wake-up signal is detected. In another example shown in Figure 2‑4, the power saving signal can be used during the active time to change PDCCH monitoring periodicity to better match the traffic characteristics.
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[bookmark: _Ref5024901]Figure 2‑3 Activating a subset of search spaces by the wake-up signal
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[bookmark: _Ref7766334]Figure 2‑4 Increasing PDCCH monitoring periodicity (from 1 slot to 2 slots)


Proposal 8: Activation/deactivation of search spaces by the power saving signal is supported.

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

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. Some potential mechanisms are listed below:
1. The use of a power saving signal may be determined based on UE coverage or measurement of a signal. For example, considering the wake-up signal, if L1-RSRP or the DMRS power of the PDCCH-based power saving falls below a threshold, then the UE may be expected not to monitor the wake-up signal and resume conventional DRX procedures (i.e., wake ups for every DRX ON duration).
2. A fallback mechanism using a timer can be employed. A timer, e.g., slotswithoutPowerSavingSignal may record the amount of time the power saving signal is not detected. If this time exceeds a threshold, the UE may activate the associated PDCCH monitoring regardless of power saving signal detection. For example, if a wake-up signal is not detected for a certain period, the UE may be expected not to monitor the wake-up signal and resume conventional DRX procedures. In addition, the UE may indicate such a detection failure to the gNB.
3. A UE may monitor PDCCH during certain ON durations of a DRX cycle regardless of the power saving signal status associated with those ON durations. For example, a UE may be configured to monitor the PDCCH every nth DRX cycle regardless of whether a wake-up signal exists or not. Note that the effect of this method is very similar to the second method, but it may have more impact on the DRX operation. Therefore, the second method is more preferable.

Proposal 10: UE wakes up at the ON duration regardless of the wake-up signal if a serving cell measurement falls below a threshold (FFS which measurement).
Proposal 11: UE wakes up at the ON duration regardless of the wake-up signal if this signal is not detected for a given time interval (FFS the value of the time interval ).

Summary
In this contribution, we have discussed design considerations of PDCCH-based power saving signal. Our proposals are as follows:
Proposal 1: Link adaptation using aggregation levels is supported for power saving signal.
Proposal 2: Group-common power saving signal is supported.
Proposal 3: Triggering a subset of UEs within a group is supported.
Proposal 4: Indication of the minimum K0 and K2 values using the scheduling DCI is supported.
Proposal 5: Antenna adaptation between PDCCH and PDSCH triggered by the scheduling DCI is supported.
Proposal 6: A new RNTI can be considered for group-common power saving signal and the DCI size can be matched to an existing DCI format.
Proposal 7: A new DCI format and C-RNTI can be considered for UE-specific power saving signal.
Proposal 8: Activation/deactivation of search spaces by the power saving signal is supported.
Proposal 9: The aggregation level of the power saving signal is determined by the maximum aggregation level of the activated search space.
Proposal 10: UE wakes up at the ON duration regardless of the wake-up signal if a serving cell measurement falls below a threshold (FFS which measurement).
Proposal 11: UE wakes up at the ON duration regardless of the wake-up signal if this signal is not detected for a given time interval (FFS the value of the time interval ).
[bookmark: _GoBack]
References
Chairman’s Notes, RAN WG1 #96b
3GPP TS 38.213 V15.4.0
[bookmark: _Ref534904200][bookmark: _Ref536830612]R1-1907105, “On Cross-slot Scheduling for UE Power Saving,” InterDigital, RAN-1 #97

Appendix 
Simulation Assumptions
Table 1 Link level simulation assumptions
	Parameters
	Value

	Carrier frequency
	4 GHz

	System bandwidth 
	20 MHz

	Channel model
	TDL-C 100ns and 300ns

	Subcarrier spacing
	15 kHz

	Antenna configuration
	2 x 2 (precoder cycling is used)

	UE speed
	3 km/h

	Channel estimation
	Realistic

	DCI sizes
	2, 4, 8, 10, 12, 20, 30 bits

	Aggregation levels
	2, 4, 8, 16

	Channel encoder
	Polar



Previous Agreements
In RAN-1 #96b, the following agreements were made on PDCCH-based power saving signal:
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:
[bookmark: _Hlk7698681]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 wake-up 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 Antenna 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 

The following candidates may be discussed after RAN2’s SI is completed:
· Skipping number of DRX monitoring 
· SPS activation
· DRX configuration 
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
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