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Introduction

In the RAN #84 meeting, the work item of UE power saving in NR was updated [1]. The most prioritized standardization work would be the power saving techniques with Power Saving Signal/Channel design (PoSS) triggering adaptation:

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 the RAN#98bis meeting, the agreements in the appendix were achieved [2] regarding detailed PDCCH-based Power Saving Signal/Channel design (PoSS), which is now called PDCCH with DCI format 3_0.
This contribution provides our views on DCI format 3_0 related design.

Discussion

The PoSS triggering UE adaptation in RRC_CONNECTED mode includes PoSS format and resource configuration designs for both outside active time and within active time, respectively. 

PoSS outside active time



Power saving techniques supported by DCI contents
For the DCI contents in the DCI format 3_0, the following were listed in the agreements of RAN1#98bis meeting [x]:

	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




In our understanding, the most essential and high level indication should be wake up or not to wake up. The rest contents should belong to a second level indication. 
From power saving point of view,  ‘not to wake up’ indication can be in terms of number of DRX cycles, which means how many DRX On-Duration can be skipped by UE. UE can even skip monitoring the DCI format 3_0 before the DRX On_Duration in the next few DRX cycles as indicated. This is also in line with the description in the WID, wherein it is mentioned that “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”
Proposal 1: For DCI format 3_0 configured outside the active time, triggering UE not to wake up in one or more of subsequent On_Durations is supported. 

Besides the wake up or not indication, other indications, e.g. non-dormancy behaviour indication, CSI report and the number of DRX cycles for not waking up form a second level indication, whose functionalities are actually decided by the first level indication.  
Proposal 2: The structure of DCI format 3_0 contents should consider two level indications. The first level indicates UE to wake up or not. The DRX cycle number, CSI report triggering and non-dormancy behaviour indication form a second level indication.

DCI format 3_0 design
For DCI format 3_0 monitored before OnDuration, it has been agreed in the previous meeting that the new DCI format supports multiplexing of one or more UEs. Hence to achieve that, a group common format like DCI format 2_2 should be considered.
A UE configured with DCI format 3_0 associated with C-DRX is also configured with PS-RNTI for power saving, which has been agreed in the RAN1#98 meeting. This RNTI can be used to distinguish with other common DCI formats since it is a reasonable assumption that the PoSS DCI format size is designed to be the same as other DCIs in CSS to avoid increasing BD budgets. The other function could be RNTI-based grouping operation. Within the new DCI format, multiple blocks like DCI format 2_2 should be supported. Each block is associated with an index for UE to address its own indication of triggering. Thus different UEs or group of UEs can be triggered with different indication by a common DCI. How to configure the RNTI and the index of the field within DCI is up to gNB implementation, which is based on UE-specific RRC configuration. In this way, from the system level, the flexibility can be achieved to not only control UEs with same ON/OFF operation of OnDuration, but also to accommodate some or a single UE with distinguished traffic adaptation.
Proposal 3: For DCI format 3_0, DCI format 2_2 like design should be taken. RNTI and a block index can be UE-specifically configured by RRC.
The more detailed DCI format is illustrated in Figure.1 below.

                                                                                  Figure.1 Two level group-common PoSS DCI format
As explained above, totally N blocks are contained in one DCI format 3_0, which are configurable by dedicated RRC. Within each block two fields are defined:
· Go-to-sleep or wake-up indicator - 1 bits
· The indication depending on Go-to-sleep or wake-up indicator, respectively 
· If the Go-to-sleep or wake-up indicator is wake-up, the second field indicates one or multiple of 
· ’Dormancy’ to ‘non-dormancy like’ transition indication per cell or cell-group. 0 ~ 5 bits up to the high layer configuration
· Aperiodic CSI request. 0 ~6 bits determined by high layer
· If the Go-to-sleep or wake-up indicator is go-to-sleep/not to wake up, the X bits indicates how many subsequent DRX On_Duration can be skipped. It is expected that X should be 0 ~ 2 bits determined by high layer. The bit width should be aligned with the other hypothesis for wake-up.
· ‘0’s is padded for the hypothesis with shorter configured field length to align with the longer one.
Proposal 4: For DCI format 3_0, the number of blocks and DCI fields in each block are RRC-configurable to accommodate the intended functionalities.

PoSS monitoring occasions
In the previous meeting, the following conclusions were achieved
	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). 



From the agreement, the intended operation is that the monitoring occasions of DCI format 3_0 is restricted by a timing window. During the online and offline discussion of previous meeting, there are basically two different understanding on how to specific the timing window 
· Alt 1: The restricting window is directly applied to monitoring occasions described by the current SearchSpace configuration. Before applying restriction, this alternative still keeps the original intended monitoring occasions specified by the current RRC parameters in the SearchSpace. Then some of the parameters within SearchSpace IE determines the range.
· Alt 2: The timing window is based on the reinterpretation of the current SearchSpace parameters. The original intended monitoring occasions are changed. If a SearchSpace IE is configured for DCI format 3_0, only part of the parameters in the SearchSpace is used. For example, the “offset” and even “periodicity” in the SearchSpace IE are not used. The original meaning of parameter “duration” is changed to the range of the monitoring window. This alternative basically creates new monitoring occasions based on the timing reference with DRX. 
Figure.2 and Figure.3 below illustrate the above alternatives.
[image: ]
Figure.2 An example of Alt 1
[image: ]
Figure.3 An example of Alt 2 to only use “duration” in SearchSpace as “range”

[image: ]
Figure.4 Another example of Alt 2 to use “periodicity” in SearchSpace as starting point and use “duration” as “range”
From the statement of the agreement that “Reuse the existing search space configuration with all or subset of parameters”, the Alt 2 may have even more variations, depending on what subset of parameters are used and how to interpret them. For example, in the Figure.4, if “periodicity” in the SearchSpace IE is used to describe the starting point, different monitoring occasions are obtained from Figure.3.
Therefore, in our opinion, before confirming the working assumption and making further agreements, it is important to clarify which alternative should be the intention, as neither one is conflicting with the current working assumption and agreement.
From our side, we support the Alt.1 for the below reasons:  
· Each search space can be configured with multiple RNTIs. If the original meaning of SearchSpace parameter is changed, the configured search space for DCI format 3_0 can not be used by other DCI formats. Then the flexibility provided by the previous search space numbers will be degraded. This is also not friendly with product implementation to loss unified design for each search space allocation from gNB side and also for PDCCH monitoring from UE side.
· To support Alt. 2, further discussion is needed on which subset of the parameters are going to be used as mentioned and explained above by Figure.3 and Figure.4. Although it is concluded that no new IE is needed, the potential specification efforts in RAN1 is still larger than Alt.1 without any obvious technical merits.
In the context of Alt.1, current working assumption gives a solution that the valid monitoring occasions follows the duration and monitoringSymbolsWithinSlot in SearchSpace IE. In our understanding, it means the UE starts to search DCI format 3_0 starting from the PS_offset before the DRX ON and the searching range is the next valid monitoring occasions counted as duration*monitoringSymbolsWithinSlot.
Proposal 5: To specify the valid monitoring occasions for DCI format 3_0, the original occasions described by current SearchSpace IE should not be changed. To clearly describe the monitoring window, besides the new RRC parameter PS_offset, the range is the next valid monitoring occasions “burst” counted as duration*monitoringSymbolsWithinSlot.
In addition, as mentioned above, the current agreement supports to reuse all or subset of parameters. We do not see the necessity to have too many solutions regarding this and it may also have further RRC impact. Thus, to have less specification impact, all the current parameters of existing SearchSpace configuration should be reused.
Proposal 6: All the current parameters of existing SearchSpace configuration should be reused.

PoSS within active time

In our view, for PoSS design within active time, besides the cross-slot adaptation, the main focus is on the L1 based mechanism to support UE dormancy-like and non-dormancy-like behaviour indication. Each of the two topics is covered by our companion contributions [3] [4] respectively.
Conclusions
This contribution provide our considerations on the power saving signal/channel (PoSS) design. The follow conclusions are summarized below:
Proposal 1: For DCI format 3_0 configured outside the active time, triggering UE not to wake up in one or more of subsequent On_Durations is supported. 
Proposal 2: The structure of DCI format 3_0 contents should consider two level indications. The first level indicates UE to wake up or not. The DRX cycle number, CSI report triggering and non-dormancy behaviour indication form a second level indication.
Proposal 3: For DCI format 3_0, DCI format 2_2 like design should be taken. RNTI and a block index can be UE-specifically configured by RRC.
Proposal 4: For DCI format 3_0, the number of blocks and DCI fields in each block are RRC-configurable to accommodate the intended functionalities.
Proposal 5: To specify the valid monitoring occasions for DCI format 3_0, the original occasions described by current SearchSpace IE should not be changed. To clearly describe the monitoring window, besides the new RRC parameter PS_offset, the range is the next valid monitoring occasions “burst” counted as duration*monitoringSymbolsWithinSlot.
Proposal 6: All the current parameters of existing SearchSpace configuration should be reused
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Appendix

Agreements on RAN1#98bis:
Agreements:
The following working assumption is confirmed:
· More than one monitoring occasion can be configured within a slot or multiple slots before the DRX ON

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

Agreements:
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).

Agreements:
UE follows legacy DRX operation to wake up and start the OnDurationTimer at the next DRX ON at least for the case when the active BWP is not configured with the PDCCH –based power saving signal/channel
· FFS other cases (e.g., the monitoring occasion at the PDCCH-based power saving signal/channel is not valid for the UE,  e.g., collision with other procedures)

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

Agreements:
[bookmark: _Hlk22055053]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

Agreements:
CORESET(s) for PDCCH-based power saving signal/channel outside Active Time is not distinguished from those CORESETs inside Active Time. 

Agreements:
In Active Time, a Rel-16 UE is not expected to monitor the new DCI format for the WUS PDCCH scrambled by PS-RNTI.

R1-1911558
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). 

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

Agreements:
Terminology of PDCCH-based power saving signal/channel outside Active Time is DCI with CRC scrambled by PS-RNTI 
· Note PS-RNTI is monitored only outside Active Time in Rel-16

Agreements:
· TCI state and update mechanism for the CORESET(s) used for DCI format 3_0 follow Rel-15 procedures 

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”

Agreements:
If UE detects DCI format 3_0 in the monitoring occasion(s), UE follows the indication of wakeup or not from the corresponding field.   
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