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1 Introduction
At RAN1 98bis [1], following agreements in power saving WI were reached related to power saving signal/channel design.
	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 bit widths 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.
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.



In this contribution, we provide our views on the remaining details of PDCCH-based power saving signal design.    
2. Discussion
2.1 Fields in Wake-Up Signal (WUS) DCI
It has been agreed that WUS DCI would include fields such as wake up or not wake up and SCell dormancy/non-dormancy indication. A field for trigger for CSI report was FFS in last meeting.   
[bookmark: _GoBack]In our view, to support a fast CSI feedback, a CSI request trigger field can be presented in WUS DCI to allow the network to trigger CSI report in order to capture the DL channel conditions just before DRX ON. This may facilitate efficient link adaptation for scheduling transmission at the beginning of DRX ON. Indicating this trigger in WUS DCI would also save the gNB transmitting an additional UL grant at the beginning of DRX ON to trigger CSI report where the grant may not schedule any UL data, let alone some delay introduced in obtaining the report in this way. CSI report triggered by WUS DCI can be transmitted in PUSCH after active time starts where resource for PUSCH can be semi-statically or dynamically obtained. Note that it has been agreed that Rel-16 does not support A-CSI report on PUCCH.  
To allow more efficient BWP selection at the start of DRX cycle, a BWP indicator field should be included in WUS DCI to provide the flexibility for network to choose a suitable BWP, e.g. based on traffic characteristic of applications or the buffer status at network side. Like the case of field providing trigger for CSI report, indicating BWP ID in WUS DCI may potentially save a scheduling DCI at the beginning of DRX ON and data interruption delay. It is likely that WUS DCI may be monitored in default BWP, e.g., upon expiry of BWP-inactivity-timer of other BWP active in previous DRX cycle, where default BWP can be much narrower than other configured BWP and may not be suitable for fast traffic delivery requiring larger BW. 
In addition, aperiodic CSI-RS offset may be selected depending on whether BWP switching is triggered by WUS DCI or not. R15 supports offset range from 0 to 4 slots. For example, the CSI-RS can be triggered in the same slot (i.e., offset is 0 slot) as WUS DCI to maximize power saving if there is no BWP switching for data scheduling in the upcoming ON duration. UE therefore can utilize the gap before ON duration to compute CSI and report the updated CSI information at the beginning of upcoming ON duration in a PUSCH which only carries A-CSI report but no UL-SCH. On the other hand, in case of BWP switching initiated by WUS, the CSI-RS may be selectively triggered at the start of DRX ON. In any case, the function of A-CSI triggering by WUS PDCCH can improve the power consumption as well as the CSI feedback latency.      
For the BWP indicator and CSI request fields, the legacy IEs should be the starting point when defining the fields for WUS DCI. The number of bits for BWP indicator and CSI request could also be configurable like in Rel-15 DCI format 0_1 to minimize the signalling overhead. If BWP indicator field is present, explicit indication of # MIMO layers to use is not required. See discussion in our companion paper [2].
Proposal 1: 
· The new DCI for the WUS PDCCH scrambled by PS-RNTI includes fields for triggering CSI report and bandwidth part indication.
2.2 DCI format
It has been agreed that 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. As traffic characteristics may vary from one UE to another, UE-specific signalling for wake-up/SCell dormancy indication is more efficient and provides the best power saving performance. A group common DCI format with UE specific fields can be considered such as DCI formats 2_2 or 2_3. Signalling content in a WUS DCI can be limited, and one or more fields can be configurable and absent in DCI for some UEs. UE can be configured by higher layer signalling to obtain starting position and the location of the UE-specific indication in the new DCI format. There has been some discussion on whether the DCI format can additionally be monitored in UESS. In our view, it would be inefficient, may increase UE power consumption if UE tries both UESS and CSS to decode the DCI. Hence, support of CSS seems sufficient. 
Proposal 2: 
· Group-common DCI format with UE specific fields like format 2_2/2_3 is supported for power saving signal outside active time
· UE can be configured by higher layer signalling to obtain starting position and the location of the UE-specific indication in the new DCI format 
· The DCI format is not monitored in UESS.
· Bit widths of some of the UE-specific information fields can be zero

2.3 RS Enhancements
PDCCH reception requires accurate time/frequency tracking. It is expected that UE receives TRS in a timely manner so that performance of WUS PDCCH detection does not suffer. In R15, both periodic and aperiodic TRS transmissions are supported. However, in Rel-15 TRS configuration and DRX configurations are independent and network may configure a group of UEs to receive a TRS in same resource to improve the resource efficiency. Consequently, periodic TRS transmission cannot always be assumed exactly before DRX ON duration for every UE. Furthermore, aperiodic TRS can only be triggered by an earlier scheduling DCI, hence it does not apply to WUS DCI case.  Moreover, it is essential to allow UE skipping one or more periodic TRS transmission occasion during DRX OFF to minimize the power consumptions. The combinations of these considerations may necessitate to introduce an on-demand RS, which can be configured in a UE-specific manner to assist the UE in obtaining accurate T/F tracking for WUS PDCCH decoding. Given the on-demand RS is only transmitted when WUS PDCCH is presence to assist T/F tracking purpose, instead “always-on” signal, the associated signalling overhead should not be a real concern. Either an on-demand (i.e., RS is not transmitted if UE does not need to wake-up) UE specific TRS or PDCCH DMRS enhancements can be considered.

Proposal 3: 
· In order to facilitate PDCCH-based WUS detection, a dedicated TRS can be configured before PDCCH-based WUS monitoring occasions.
· An offset to TRS location before start of PDCCH-based WUS monitoring can be semi-statically configured.
2.4 DCI monitoring configurations 
2.4.1 Valid monitoring occasions
Even if the active BWP includes configuration of WUS DCI monitoring, there may be some cases when one or more monitoring occasions of WUS DCI may be skipped by the UE. For example, if the monitoring occasion overlaps with an SSB occasion or rate matching pattern, UE may skip the WUS DCI monitoring at that occasion. If the WUS DCI is skipped because of that, UE may follow similar behaviour as agreed for WUS DCI is not detected. 
Moreover, in our view, UE may report capability signalling regarding the minimum value of PS-offset supported by the UE. As it has been agreed that Rel15 SS set configuration is used and a given SS set can be used both in active and outside active time, there may be a possible range of monitoring WUS DCI. Although it can be smaller than PS-offset, it may not always prevent one or more monitoring occasions to fall within necessary wake-up time for the UE before DRX ON. UE would skip one or more monitoring occasions if the difference of configured PS-offset and range is below the reported UE capability supported for minimum value of PS-offset.   

Proposal 4: 
· UE may report capability signalling for minimum value of PS-offset.
· WUS DCI monitoring occasions overlapping with SSB, rate-matching pattern, the minimum PS-offset before DRX ON are skipped by the UE. 

2.4.2 SS set configuration
It has been agreed in last meeting that WUS DCI would be associated with Long DRX. It was also agreed to use Rel-15 SS set configurations. In our view, a SS set s can be dedicated for WUS DCI monitoring before DRX ON. SS Set s may have periodicity same as DRX cycle. Additional periodicity values may be added to higher layer configuration of SS set s, compared to maximum value supported in Rel-15 so that it can match maximum value of Long DRX cycle length. The last valid monitoring occasion can be no later than the start of minimum PS-offset before DRX ON that can be reported as UE capability. Keeping one SS Set dedicated for WUS DCI, if the remaining SS sets, such as nine, in a DL BWP are adequate for other PDCCH monitoring, then this approach can be used complimentarily to in addition to the case one SS set associated with WUS DCI is also used during active time. 
Proposal 5: 
· Support adding larger periodicity values for a search space set so that maximum search space set periodicity can match the maximum value of long DRX cycle length.

As link adaptation for WUS DCI may not be possible, it can be considered to support a restricted set of ALs for monitoring WUS DCI so that robustness/reliability and coverage conditions can be satisfied in most cell conditions.

Proposal 6: 
· Up to two values of AL can be configured for use in WUS DCI transmission.


2.4.3 WUS association with short DRX
It was a working assumption that WUS DCI would not be associated with short DRX, if configured. To check how WUS association with short DRX effects on the power consumption and latency/UPT, system-level evaluation was done with the assumptions listed in Table 1, please refer to appendix.
As can be seen from Figure 1 and Figure 2 below, for some short DRX timer (e.g. 10ms) configurations the power consumption saved by skipping ON durations of some short DRX cycles using WUS is less than total power consumption of WUS monitoring even for one WUS occasion before DRX cycle. Thus, for such Short DRX configurations, WUS association with short DRX provides loss in both aspects: power saving and latency.

Figure 1 Power consumption comparison for different UE geometries, 
w/o Short DRX and w/ and w/o WUS association with Short DRX 


Figure 2 Latency comparison for different UE geometries, 
w/ and w/o WUS association with Short DRX
Figure 3 and Figure 4 show results for smaller Short DRX timer (e.g. 3). As shown on these figures, for such Short DRX configuration, WUS association to the Short DRX cycles leads to a situation with slightly improved power consumption and worse latency.

Figure 3 Power consumption comparison for different UE geometries, 
w/o Short DRX and w/ and w/o WUS association with Short DRX

Figure 4 Latency comparison for different UE geometries, 
w/ and w/o WUS association with Short DRX
Observation 1: 
· WUS association with both short and long DRX cycles may increase or decrease power consumption with respect to WUS association with long DRX only, depending on the Short DRX configuration. 
To this end, we think that association of WUS should not always apply to short DRX, in addition to long DRX. 
Hence, we propose to confirm the working assumption that WUS DCI is not associated with short DRX, if configured. If at all needed, a higher layer parameter can be provided to enable or disable WUS DCI association with short DRX, but WUS DCI should not always be associated with long and short DRX together.

Proposal 7:
·  Confirm 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.

2.5 Dependency of CSI report and SRS transmission based on WUS DCI reception
[bookmark: OLE_LINK1]RAN2 have agreed in RAN2#107 meeting:
1. On a PDCCH-WUS occasion that a UE is monitoring, if the UE is indicated to wake-up to monitor the PDCCH during the next occurrence of the drx-onDurationTimer, the UE starts the drx-onDurationTimer at its next occasion. Otherwise it does not.
2. If UE is in DRX Active Time during a PDCCH-WUS occasion, it starts the drx-onDurationTimer at its next occasion as in legacy.
3. RLM and RRM measurements are not impacted by WUS design (i.e. the UE continues to measure the required reference signals as per RRM requirements)
[bookmark: OLE_LINK2]
RAN2 has sent an LS to RAN1 stating that RAN2 understands the UE would not report P/SP SRS and CSI during the next on-duration if PDCCH-WUS does not wake the UE up. 
As WUS reception controls the start of drx-onDurationTimer, i.e., active time, P/SP SRS and CSI would not be reported if active time does not start based on WUS reception according to the current procedure. Some companies have proposed to revise this and allow UE to send P/SP SRS and CSI report regardless of WUS reception. In our view, this is not critical to UE performance, and may certainly increase UE power consumption significantly because there can be many DRX cycles skipped by WUS DCIs. If needed, gNB could send A-CSI trigger at the beginning of next DRX ON or include CSI report trigger in WUS DCI so that subsequent scheduling can be based on up-to-date CSI report. Moreover, if there is chance of loss in uplink synchronism due to several DRX cycles skipped, gNB could send PDCCH order at the beginning of next DRX ON/active time or trigger A-SRS so that it can be corrected before scheduled UL transmissions are made. 
Observation 2: 

· Transmission of P/SP SRS and CSI report regardless of WUS DCI reception can significantly increase UE power consumption. If needed, A CSI report can be provided to acquire fresh CSI report and PDCCH-order and/or A-SRS trigger can be signalled in order to restore uplink synch. or correct timing advance at the beginning of next active time. 
Proposal 8: 

· UE would not report P/SP SRS and CSI during the next on-duration if PDCCH-WUS does not wake the UE up.


3. Conclusion 
In this contribution, we discussed different design aspects for PDCCH-based power saving signal including DCI contents, formats, configurations, etc. Based on the discussions, we observe and propose the following: 
Observation 1: 
· WUS association with both short and long DRX cycles may increase or decrease power consumption with respect to WUS association with long DRX only, depending on the Short DRX configuration. 
Observation 2: 

· Transmission of P/SP SRS and CSI report regardless of WUS DCI reception can significantly increase UE power consumption. If needed, A CSI report can be provided to acquire fresh CSI report and PDCCH-order and/or A-SRS trigger can be signalled in order to restore uplink synch. or correct timing advance at the beginning of next active time. 

Proposal 1: 
· The new DCI for the WUS PDCCH scrambled by PS-RNTI includes fields for triggering CSI report and bandwidth part indication.

Proposal 2: 
· Group-common DCI format with UE specific fields like format 2_2/2_3 is supported for power saving signal outside active time
· UE can be configured by higher layer signalling to obtain starting position and the location of the UE-specific indication in the new DCI format 
· The DCI format is not monitored in UESS.
· Bit widths of some of the UE-specific information fields can be zero


Proposal 3: 
· In order to facilitate PDCCH-based WUS detection, a dedicated TRS can be configured before PDCCH-based WUS monitoring occasions.
· An offset to TRS location before start of PDCCH-based WUS monitoring can be semi-statically configured.


Proposal 4: 
· UE may report capability signalling for minimum value of PS-offset.
· WUS DCI monitoring occasions overlapping with SSB, rate-matching pattern, the minimum PS-offset before DRX ON are skipped by the UE. 


Proposal 5: 
· Support adding larger periodicity values for a search space set so that maximum search space set periodicity can match the maximum value of long DRX cycle length.

Proposal 6: 
· Up to two values of AL can be configured for use in WUS DCI transmission
Proposal 7:
·  Confirm 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

Proposal 8: 

· UE would not report P/SP SRS and CSI during the next on-duration if PDCCH-WUS does not wake the UE up.
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Appendix
Table 1. Simulation assumptions
	Parameter
	Value

	FTP model 3 configuration
	Packet size 0.5Mbyte, mean inter-arrival time 200ms (baseline)

	Long DRX configuration
	Long DRX cycle length, ON duration, Inactivity timer:
{160ms, 8ms, 100ms} (Baseline)
{160ms, 4ms, 100ms}

	Short DRX cycle length
	10ms, 30ms

	Short DRX timer
	3, 10

	Number of WUS occasions before DRX cycle
	1



5%	Long DRX,
no Short DRX,	
WUS for Long DRX	Long DRX,
Short DRX (10ms),	
Short DRX Timer=10,
WUS for Long DRX	Long DRX,
Short DRX (10ms),	
Short DRX Timer=10,
WUS for all DRX	51.59	65.14	69.89	50%	Long DRX,
no Short DRX,	
WUS for Long DRX	Long DRX,
Short DRX (10ms),	
Short DRX Timer=10,
WUS for Long DRX	Long DRX,
Short DRX (10ms),	
Short DRX Timer=10,
WUS for all DRX	46.48	60.59	65.599999999999994	95%	Long DRX,
no Short DRX,	
WUS for Long DRX	Long DRX,
Short DRX (10ms),	
Short DRX Timer=10,
WUS for Long DRX	Long DRX,
Short DRX (10ms),	
Short DRX Timer=10,
WUS for all DRX	44.14	58.88	62.69	
Mean power consumption per slot




5%	Long DRX,
Short DRX (10ms),	
Short DRX Timer=10,
WUS for Long DRX	Long DRX,
Short DRX (10ms),	
Short DRX Timer=10,
WUS for all DRX	46.449999999999996	49.099999999999994	50%	Long DRX,
Short DRX (10ms),	
Short DRX Timer=10,
WUS for Long DRX	Long DRX,
Short DRX (10ms),	
Short DRX Timer=10,
WUS for all DRX	37.369999999999997	39.669999999999995	95%	Long DRX,
Short DRX (10ms),	
Short DRX Timer=10,
WUS for Long DRX	Long DRX,
Short DRX (10ms),	
Short DRX Timer=10,
WUS for all DRX	35.83	38.479999999999997	
Delay, ms




5%	Long DRX,
no Short DRX,	
WUS for Long DRX	Long DRX,
Short DRX (30ms),	
Short DRX Timer=3,
WUS for Long DRX	Long DRX,
Short DRX (30ms),	
Short DRX Timer=3,
WUS for all DRX	51.59	57.84	54.53	50%	Long DRX,
no Short DRX,	
WUS for Long DRX	Long DRX,
Short DRX (30ms),	
Short DRX Timer=3,
WUS for Long DRX	Long DRX,
Short DRX (30ms),	
Short DRX Timer=3,
WUS for all DRX	46.48	52.87	49.6	95%	Long DRX,
no Short DRX,	
WUS for Long DRX	Long DRX,
Short DRX (30ms),	
Short DRX Timer=3,
WUS for Long DRX	Long DRX,
Short DRX (30ms),	
Short DRX Timer=3,
WUS for all DRX	44.14	51.03	47.61	
Mean power consumption per slot




5%	Long DRX,
Short DRX (30ms),	
Short DRX Timer=3,
WUS for Long DRX	Long DRX,
Short DRX (30ms),	
Short DRX Timer=3,
WUS for all DRX	52.17	56.69	50%	Long DRX,
Short DRX (30ms),	
Short DRX Timer=3,
WUS for Long DRX	Long DRX,
Short DRX (30ms),	
Short DRX Timer=3,
WUS for all DRX	42.34	46.120000000000005	95%	Long DRX,
Short DRX (30ms),	
Short DRX Timer=3,
WUS for Long DRX	Long DRX,
Short DRX (30ms),	
Short DRX Timer=3,
WUS for all DRX	40.880000000000003	44.81	
Delay, ms
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