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1 Introduction
In this contribution, we further discuss various aspects on the PDCCH based power saving signal/channel design and power saving techniques focusing on the power saving signal/channel design outside active time.
2 PDCCH-based power saving signal design 

2.1 DCI format

The following agreements have been reached during RAN1#98bis meeting for power saving signal/channel outside active time.

Agreements:

The new DCI of PDCCH-based power saving signal/channel outside Active Time is designed with UE-specific configured power saving information for one or more UEs .
· The new DCI format supports multiplexing of one or more UEs

· FFS: Whether the starting position and the location of the indication in the new DCI format for a specific UE is based on higher layer configuration

· FFS: Details of the DCI format design for a specific UE

· Whether new DCI format is similar to that of DCI format 2_x

Agreements:

A new DCI format 3_0 is introduced for providing the indication of power saving information used outside Active Time in Rel-16

Based on the above agreements, it can be seen that for outside active time, a new DCI format is introduced for the power saving signal and it can carry one or more UEs’ power saving information. The DCI size would depend on the number of multiplexed UEs and the power saving techniques configured for each UE. The more the UEs and the more the power saving techniques, the larger the DCI size would be. In addition, the DCI size shall not be less than 12bits. Furthermore, DCI format 3-0 is monitored outside the active time there is no DCI size budget issue thus the DCI size of DCI 3-0 is not necessary to be aligned with other DCI format sizes that are monitored with active time. Therefore, the DCI size of DCI format 3_0 could be variable and the UE shall be informed the DCI size.
Proposal 1: the DCI size of DCI format 3_0 can be variable and it shall be informed to the UE.
When the new DCI carries power saving information for more than one UE, different UEs may be configured with different kinds of power saving techniques. For example, some UEs may be configured to use wake-up mechanism, scell dormancy indication while some other UEs are configured with only wake-up mechanism. Therefore the bit-length of the power saving information for different UEs may be different. Therefore, there are two possible DCI format design:

Option 1: allocate power saving indication bit field with equal length for different UEs

Option 2: allocate power saving indication bit field depending on the configured power saving techniques for a UE
With option 1, a UE can be configured the power saving information index and/or the power saving information bit-length. With this method, the bit-length of the power saving information for different UEs shall be the same and the bit-length depends on the UE that needs the longest power saving indication field. For the UE needs less bits, the unused bits in its bit field would be wasted.

For option 2, a UE would be allocated with its power saving bit field based on the power saving techniques configured for the UE. Different UEs may be allocated to use different bit filed length within the DCI. There would be no bit wasted. 

Since the reliability of the power saving signal is very important for the power saving operation. Generally, option 1 needs more overhead within the DCI than option 2 due to the possible waste of bits. Therefore, option 2 that fully utilize the DCI payload would be preferred.

Proposal 2: allocate power saving indication bit field depending on the configured power saving techniques for a UE.
Since different UEs needs different bit length within the DCI, the starting bit position within the DCI and the bit-length shall be informed to each UE. The most efficient signalling method would be using the SLIV to indicate the starting and the length of the power saving information bits similar as PUSCH resource allocation type 1 or BWP configuration. 

Proposal 3: For power saving signal/channel outside the active time, a SLIV is used to indicate the starting and the length of the power saving information bits within the DCI.

2.2 Functionality
For the power saving signal/channel outside the active time, we have agreed to support wake-up functionality. In addition, other functionalities such as MIMO layer adaptation/BWP adaptation could also be supported by the power saving signal/channel. Using power saving signal/channel to indicate MIMO layer adaptation/BWP adaptation can achieve timely power saving once the UE enters the active time and the UE can complete the adaptation procedure during the time GAP between the power saving signal/channel and the beginning of the DRX on duration.
Proposal 4: Outside the active time, power saving signal/channel can be used to indicate MIMO layer adaptation/BWP adaptation.

2.3 Improved power saving signal detection
In some cases, there would be less UEs “aggregated” within one DCI 3-0, e.g., there are few UEs with the same DRX cycle or the traffic is light. Therefore, a small DCI size would be sufficient to convey all the UE’s power saving indication. In some extreme case, only a few bits are needed within the DCI. For example, a DCI are only configured for 2 UEs, each UE is configured with only one bit for “wake-up” indication and totally 2 bits are needed within the DCI for power saving indication. On the other hand, in NR the DCI size shall not be less than 12 bits due to the restriction of polar code.
In those cases, the “useful” bits within the DCI are less than or far less than 12 bits, which is the smallest DCI size that NR allowed.  Therefore, there would be “wasted” bits within the DCI. In order to fully use all the bits within the DCI, as discussed in previous meetings, correlation detection instead of PDCCH decoding can be used, that is, the UE reconstruct the PDCCH signal based on the all the hypothesis value of the “useful” bits and correlate the reconstructed signal with the received signal. The UE can derive the value of the “useful” bits based on the output of the correlation detection. It could be expected to improve the detection performance compared with the normal PDCCH decoding method.
In order to facilitate the correlation detection method, the UE needs to be known whether the DCI carry other UEs’ power saving information and the specific configuration. 
Proposal 5: a UE can be informed whether the DCI carry other UEs’ power saving information and the specific configuration.
2.4 PDCCH search space

During RAN1#98bis meeting, we have the following agreement and conclusion on the configuration of the offset between PDCCH based power saving signal and the start of the DRX on duration timer.  
Agreements:

UE starts monitoring the PDCCH with CRC scrambled by PS-RNTI  at the configured PS_offset before the start of DRX ON until the end of the configured range of monitoring.   

· The “PS_offset” is a new higher layer parameter  

· (Working assumption) the range of monitoring is derived based on existing parameters, e.g., duration and  monitoringSymbolsWithinSlot, in SearchSpace IE without any change 

· Note: the value of “range” is smaller than that of PS_offset, e.g., to ensure UE with sufficient time for preparing for PDCCH monitoring at the DRX ON

Search space is configured for the indication of monitoring DCI with CRC scrambled by PS-RNTI.

· Reuse the existing search space configuration with all or subset of parameters, e.g., the periodicity and the offset

· FFS: The restriction in the  supported periodicity, the aggregation level and the number of blind decoding for the new DCI with CRC scrambled by PS-RNTI

Conclusion:

With the above agreement, it is understood that the search space(s) for WUS PDCCH reuses the existing SS IE (i.e., no new SS IE). 

With the above agreement, dedicated offset relative to the beginning of DRX On is configured for the UE. In addition, we have the working assumption that the range of monitoring is derived based on existing parameters, e.g., duration and  monitoringSymbolsWithinSlot, in SearchSpace IE without any change. Since the existing parameters, e.g., duration and  monitoringSymbolsWithinSlot, in SearchSpace IE could provide enough information for the UE to monitor the PDCCH with CRC scrambled by PS-RNTI, it is not necessary to configure an additional dedicated parameter to inform UE the range. For example, based on the PDCCH search space configuration, the UE can monitor the PDCCH within the first  2 “durations” that are after the starting time derived based on the parameter PS_offset and the start of DRX ON as shown in the following Figure 1.
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Figure 1 derive the PDCCH monitoring range based on the parameter “duration”
Proposal 6: conform the working assumption that the range of monitoring is derived based on existing parameters, e.g., duration and  monitoringSymbolsWithinSlot, in SearchSpace IE without any change. 
Proposal 7: UE monitors the PDCCH within the first M “durations” that are after the starting PDCCH monitoring time derived based on the parameter PS_offset and the start of DRX ON, M is a predefined integer.
2.5 Power saving signal applied to short DRX cycle?

During RAN1#98bis meeting, whether power saving shall be applied to both long DRX cycle and short DRX cycle has been discussed and we have the following agreements:

Agreements:

· The PDCCH-based power saving signal/channel can be configured for long DRX for a UE
· (Working assumption) If there is also short DRX cycle configured for the UE, the PDCCH-based power saving signal/channel is not applicable for the short DRX cycle
Some companies have proposed power saving signal shall also be configured for short DRX cycle for power saving. In our understanding, the UE enters short DRX cycle when there is once data scheduling within the long DRX cycle. Generally, there would be subsequent data arrival once the short DRX cycle is enabled. In addition, the periodicity of short DRX cycle is much shorter thus there would be very short time duration for the UE to enter sleeping mode to get power saving gains. And for short DRX, it would be difficult to configure the power saving signal with a timing offset before the DRX ON due to the short DRX cycle.
Furthermore, as discussed in RAN1#98bis, if we support power saving signal for short DRX cycle, it would be difficult to multiplex different UEs within the same DCI due to the mixture of long and short DRX cycles for the same UE and for different UEs. This would sacrifice the overhead saving gain that a group common power saving DCI could have.    

Therefore, we propose power saving signal is not applied to short DRX cycle.
Proposal 8: confirm the working assumption that if there is also short DRX cycle configured for the UE, the PDCCH-based power saving signal/channel is not applicable for the short DRX cycle.
2.6 Further handling of miss detection of power saving signal/channel 

During RAN1#98bis meeting, there has been intensive discussion on the handling of miss detection issue of power saving signal/channel and we have the following agreements:

Agreements:

If a DCI format 3_0 outside Active Time is not detected by a UE, “UE wakeup or not” is configured by the higher layer signalling to address this case

· The default is “not wake up”

With the above agreement, when the DCI format 3_0 outside Active Time is not detected by a UE due to miss detection or because the gNB fails to send the PDCCH, whether the UE wakes up or not is configured by the higher layer signalling. When the higher layer signalling is not configured, the default behaviour is “not wake up”. Such mechanism is very important to give the network proper flexibility to configure the wake-up scheme and also guarantee the UE could operate robustly with the wake up scheme.   
During RAN1#98bis meeting, we also have another agreement on the functionality of the power saving signal/channel as in the following:

Agreements:

For a UE, the following information can be configured to be included in the new DCI for the WUS PDCCH scrambled by PS-RNTI 
· Indication to wake up or not to wake up 

· L1 based mechanism for transitioning from ’dormancy-like’ to ’non-dormancy like’ behaviour on activated Scells,  as agreed in MR CA/DC

· FFS: Triggering -CSI-report
· FFS: whether or not the bitwidths of some or all of the above information fields can be zero

With the above agreement, besides the wake up indication, L1 based Scell dormancy indication can also be configured in the power saving DCI. Therefore, the impact on the Scell dormancy operation and the corresponding UE behaviour when the power saving signal is not detected shall be considered.
For example, when the data packet arrives for a UE and the gNB sends power saving signal to indicate the UE to transfer from ’dormancy-like’ to ‘non-dormancy like’ behaviour on activated Scells, but the UE fails to detect the power saving signal. If the UE still maintain the ‘dormancy-like’ behaviour, the UE would miss the subsequent data scheduling, although the gNB can use other L1 indication signalling to indicate the UE to complete the transitioning from ‘dormancy-like’ to ‘non-dormancy like’ behaviour. Additional latency is involved for the data transmission. In some cases when the UE’s power saving is more important than the transmission delay, the UE can also keep the ‘dormancy-like’ behaviour when the miss detection happens.
In addition, in some case the UE is only configured with the L1 based Scell dormancy indication outside the active time. In this case, there is no L1 based Scell dormancy indication within the active time to correct UE’s behaviour. Therefore, the handling of miss detection is even more important.
Therefore, we propose the following options could be considered to handle the miss detection issue for Scell dormancy operation. 

Proposal 9: The following two options can be considered to handle the miss detection issue for Scell dormancy operation. 

· Option 1: the UE operate with  ‘non-dormancy like’ behaviour when power saving signal  is not detected

· Option 2: the network configures whether the UE operate with ‘dormancy-like’ or  ‘non-dormancy like’ behaviour when power saving signal is not detected

3 Conclusion

In this contribution, we discussed on various aspects of the PDCCH-based power saving signal/channel. Based on the discussion, we have the following proposals:
Proposal 1: the DCI size of DCI format 3_0 can be variable and it shall be informed to the UE.
Proposal 2: allocate power saving indication bit field depending on the configured power saving techniques for a UE.
Proposal 3: For power saving signal/channel outside the active time, a SLIV is used to indicate the starting and the length of the power saving information bits within the DCI.

Proposal 4: Outside the active time, power saving signal/channel can be used to indicate MIMO layer adaptation/BWP adaptation.
Proposal 5: a UE can be informed whether the DCI carry other UEs’ power saving information and the specific configuration.

Proposal 6: conform the working assumption that the range of monitoring is derived based on existing parameters, e.g., duration and  monitoringSymbolsWithinSlot, in SearchSpace IE without any change. 
Proposal 7: UE monitors the PDCCH within the first M “durations” that are after the starting time derived based on the parameter PS_offset and the start of DRX ON, M is a predefined integer.
Proposal 8: confirm the working assumption that if there is also short DRX cycle configured for the UE, the PDCCH-based power saving signal/channel is not applicable for the short DRX cycle.
Proposal 9: The following two options can be considered to handle the miss detection issue for Scell dormancy operation. 

· Option 1: the UE operate with  ‘non-dormancy like’ behaviour when power saving signal  is not detected

· Option 2: the network configures whether the UE operate with ‘dormancy-like’ or  ‘non-dormancy like’ behaviour when power saving signal is not detected
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