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1			Introduction
In RAN#85, the WI on UE power savings for NR was updated and agreed with the objectives as highlighted below for power saving signal/channel power saving techniques. 
1. Specify power saving techniques with PDCCH-based power saving signal/channel triggering UE adaptation in RRC_CONNECTED mode [RAN1, RAN2, RAN4] 
0. 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
0. 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
Note: The procedure is in addition to Rel-15 cross-slot scheduling procedure

Several agreements were made in RAN1 to progress the design of power savings signal/channel [1][2]. 
In this document, we discuss further design details for PDCCH-based power savings signal/channel.
[bookmark: _Ref178064866]2	Power Saving Signal/Channel
The main objective is to design a PDCCH-based power saving signal/channel, without duplicating DRX operation in order to wake up the UE to monitor PDCCH for the next ON duration. Furthermore, changing PDCCH channel coding and payload interleaver is not in scope. Thus, if a DCI based scheme is used, then it should reuse the coding chain specified in Rel-15, including the CRC payload interleaver. In Rel-15, DCI with smaller number of information bits was discussed and handled through the following principle, captured in 38.212, subclause 7.3.1. 
If the number of information bits in a DCI format is less than 12 bits, zeros shall be appended to the DCI format until the payload size equals 12.
Thus, Rel-15 PDCCH channel coding and payload interleaver can already handle the case when the number of information bits in a DCI is less than 12 bits, by appending zeros until the payload size is 12. Subsequently, a 24-bit CRC is attached with a 16-bit RNTI masking. The UE could improve the detection performance by taking the additional information (regarding zero padding bits and additionally trading off the 24 bits of CRC for error correction, etc) into the Polar SSCL decoding. With this background we discuss some aspects related to the detailed design of power saving signal/channel.

2.1  Design for PDCCH-WUS
In the use case of power saving signal as the wakeup signal, the WUS would be sent when UE is not in Active time (e.g. before On duration) to indicate wake up and monitor PDCCH in an On duration. In this case, since UE is not monitoring any scheduling DCI simultaneously, the BDs/CCEs/DCI budgets for power saving signals for WUS do not need to be shared with UE’s scheduling DCI. Hence there is more flexibility in configuring these parameters (BD/CCEs/DCI) for the WUS. 
The PDCCH-based power saving signal/channel before Active time is referred to as PDCCH-WUS for brevity.
As a minimum the PDCCH based power saving signal needs to indicate ‘wake-up’ based on which the UE can decide to decode/not decode subsequent PDCCH monitoring occasion(s). The UE can detect presence of PDCCH-WUS addressed for it using CRC masked by RNTI. This option (shown in Figure 1 below) allows the PDCCH-WUS to be detected by a correlation-based receiver or by using a regular PDCCH decoder. From a robustness perspective this would be the most robust option as it has the smallest amount of information (i.e. On/Off or 1 bit).

[image: ]
Figure 1 – WUS option with smallest possible amount of information.
A more flexible option is to have a small number of bits of information in the DCI payload. This can allow the power saving signal to control more actions than just wakeup as shown in Figure 2.  
[image: ]
Figure 2. Flexible power saving signal/channel.

Next, we evaluate the required SNR vs number of information bits in DCI for various aggregation levels (1/2/4/8/16) and target BLERs of 1% and 0.1%. These are assuming TDL-C, 100ns DS, 3kmph UE speed. 
[image: ]
Figure 3: Minimum SNR needed to successfully decode PDCCH-WUS with 1% BLER for different ALs and payload sizes.

[image: ]
Figure 4: Minimum SNR needed to successfully decode PDCCH-WUS with 0.1% BLER for different ALs and payload sizes.
From the results, apart from allowing link adaptation for WUS, it is also beneficial to reduce number of information bits in DCI as it can yield significant performance gains (~ 1dB from 16 bits -> 1 bit). Thus, the design of WUS DCI should allow the use of very small number of information bits in the DCI addressed to a UE. 
Next, we consider DCI size/format for PDCCH-WUS. 

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. 

Since the PDCCH-WUS is expected to be always monitored separately (e.g. X slots before DRX On duration) from scheduling PDCCH monitoring, the new DCI format size can be independently configured. This allows using a more compact and robust DCI size and will not be affected by DCI format size budget that is applicable during Active time. 
1. [bookmark: _Toc16885869][bookmark: _Toc16886001][bookmark: _Toc16886039][bookmark: _Toc16886091][bookmark: _Toc16886175][bookmark: _Toc16886286][bookmark: _Toc16885870][bookmark: _Toc16886002][bookmark: _Toc16886040][bookmark: _Toc16886092][bookmark: _Toc16886176][bookmark: _Toc16886287][bookmark: _Toc16885871][bookmark: _Toc16886003][bookmark: _Toc16886041][bookmark: _Toc16886093][bookmark: _Toc16886177][bookmark: _Toc16886288][bookmark: _Hlk5125868][bookmark: _Toc7813648][bookmark: _Toc16888550][bookmark: _Toc21114986]For PDCCH-WUS, new DCI format’s size is independent of scheduling DCI format size(s).
PDCCH-WUS can be used to address a group of UEs i.e. for wake up. As shown in Figure 5 below, this can be done using approach like TPC-PUXCH-RNTI where WUS for multiple UEs is sent in one PDCCH with each UE assigned specific DCI bit(s) for its corresponding wake-up indication e.g. UE is assigned bit4 for its wakeup indication in below figure. 

[image: ]
Figure 5 – Group-based power saving signal/channel option. 

Like some of DCI formats 2-x, the number of information bits in new DCI format should be configurable, and for indicating wake up or not, which would need only 0 or 1 bit of information. 
Since the WUS DCI can address a single UE or a group of UEs in a transparent manner, higher layers would need to indicate to a UE where the relevant information for that UE is within the new DCI via a starting location (S) and length (L) values.

An optional length (L) can also be indicated, the lengths in the range of 0 to 1 bit can be supported. L=0 implies a fixed DCI payload (e.g. DCI with information bits set to all zero). L = 1 allows group DCI with wake-up indication for each UE (as in Figure 3) signal i.e. explicit indication for each UE to wake-up or not. In case a specific bitfield per UE is configured, particularly if one bit is allocated for wake-up indication, then the associated bit can have a value of 1 or 0. A value of 1 can indicate a wake-up indication, while the value of 0 is considered as reserved.  Furthermore, in case the NW does not configure any specific bitfield for the UE (particularly if a UE-specific DCI is intended), then detection of PDCCH-WUS signal should be interpreted as wake-up indication, while detection of no signal is considered as reserved/no wakeup. 

1. [bookmark: _Toc16888551][bookmark: _Toc21114987]Following is configurable for the new DCI format scrambled by PS-RNTI: 
1. [bookmark: _Toc16888552][bookmark: _Toc21114988]Ninfo : number of information bits in the DCI 
1. [bookmark: _Toc16885875][bookmark: _Toc16886007][bookmark: _Toc16886045][bookmark: _Toc16886097][bookmark: _Toc16886181][bookmark: _Toc16886292][bookmark: _Toc16885876][bookmark: _Toc16886008][bookmark: _Toc16886046][bookmark: _Toc16886098][bookmark: _Toc16886182][bookmark: _Toc16886293][bookmark: _Toc16888553][bookmark: _Toc21114989]S: starting position of the UE-specific information within the DCI

1. [bookmark: _Toc21114990]Following is supported for PDCCH-WUS:
2. [bookmark: _Toc21114991]If the number of information bits in the DCI scrambled by PS-RNTI is 0, then detection of signal indicates wake-up indication, while detection of no signal indicates reserved/no wakeup.
2. [bookmark: _Toc21114992]If number of information bits in the DCI scrambled by PS-RNTI is >0, if the UE-specific field indicates 1, it implies wake-up, otherwise it implies reserved/no wakeup. 
Since the DCI can be addressed to a single UE or a group of UEs, the search space used for WUS transmission should also be configurable for additional flexibility.
[bookmark: _Toc16885880][bookmark: _Toc16886012][bookmark: _Toc16886049][bookmark: _Toc16886101][bookmark: _Toc16885881][bookmark: _Toc16886013][bookmark: _Toc16886050][bookmark: _Toc16886102][bookmark: _Toc16518902][bookmark: _Toc16519065][bookmark: _Toc16519109][bookmark: _Toc16518903][bookmark: _Toc16519066][bookmark: _Toc16519110][bookmark: _Toc16518904][bookmark: _Toc16519067][bookmark: _Toc16519111][bookmark: _Toc16518905][bookmark: _Toc16519068][bookmark: _Toc16519112][bookmark: _Toc7777317][bookmark: _Toc7777335][bookmark: _Toc7777837][bookmark: _Toc7777856][bookmark: _Toc16886015][bookmark: _Toc16886052][bookmark: _Toc16886104]In RAN1#98, the following agreement was made. 
Agreements:
· The new DCI format for power saving signal/channel is configured to be monitored at least in CSS.  
· FFS for UESS

Currently, up to ten search spaces can be configured for a UE for PDCCH monitoring in active time in a BWP. An additional search space can be configured for the UE or one of the existing search spaces configured for PDCCH monitoring in Active time can be reused. It is already agreed that this should at least be a CSS. Configuring WUS in UESS can also bring benefits. Although, PS-RNTI is considered as a group-common RNTI, nevertheless, it can also be associated with a single UE, and WUS DCI fields can also be configured only for one UE, so one may argue that in this case to use CSS is a waste of common resources and may increase the PDCCH blocking probability. As such, since a dedicated SS is going to be designed for WUS, it may also become independent from the generic SS design paradigm and allow using UESS for WUS monitoring particularly for the case where PS-RNTI is only associated with a single UE.

1. [bookmark: _Toc21114993]New DCI format for PDCCH-WUS can be configured to be monitored in UESS.
[bookmark: _Toc16885885][bookmark: _Toc16886017][bookmark: _Toc16886054][bookmark: _Toc16886106][bookmark: _Toc16886186]PDCCH-WUS should largely reuse the existing PDCCH configuration signalling framework which is on a per-BWP basis. A dedicated BWP for WUS leads to increased RRC signalling overhead (extra BWP configuration, reduced opportunity for linkage to CORESET(S) configured for other PDCCH monitoring, etc) and inherent BWP switching delay between WUS MO and corresponding On duration. 
1. [bookmark: _Toc21114994]PDCCH-WUS configuration is per BWP.
Given this, the PDCCH-WUS should be within a DL BWP configured for the UE. If an active DL BWP has no WUS configured, then the UE should follow the regular behaviour and monitor On durations.
In RAN1#98, the following working assumption was made, which based on the discussion above should be supported for an agreement.
Working assumption:
UE monitors the PDCCH-WUS being configured on the active BWP in an active cell.   

In RAN1#98, the following working assumption was made wrt Coreset sharing between PDCCH-WUS and PDCCH during 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).
In RAN1#98, the following working assumption was made wrt monitoring occasions. 
Working assumption:
· More than one monitoring occasion can be configured within a slot or multiple slots before the DRX ON
Following these two working assumptions, in next part, we discuss the of WUS offset and SS design. 
[bookmark: _Toc16885889][bookmark: _Toc16886021][bookmark: _Toc16886058][bookmark: _Toc16886110][bookmark: _Toc16886190][bookmark: _Toc16886299][bookmark: _Toc16885891][bookmark: _Toc16886023][bookmark: _Toc16886060][bookmark: _Toc16886112][bookmark: _Toc16886192][bookmark: _Toc16886301][bookmark: _Toc16885892][bookmark: _Toc16886024][bookmark: _Toc16886061][bookmark: _Toc16886113][bookmark: _Toc16886193][bookmark: _Toc16886302]WUS Offset Discussion
In RAN1#98, the following conclusion was made wrt configuring the offset value. 
Conclusion:
[bookmark: _Hlk20848997]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.

Annex A shows UPT performance between different WUS offsets, ranging from 1 slot before On duration to 30 slots before On duration for the case with CDRX cycle of 320 ms representing the long DRX, and between 1 to 16 slots for the CDRX cycle of 20 ms, representing a smaller DRX cycle. The results indicate that larger WUS offset leads to UPT degradation and hence WUS offset should be as small as possible. This should be taken into account when considering the range of WUS offset. 
Some companies have proposed that the offset value can be implicitly configured by the WUS SS configuration (i.e. Alt 2). This may be suitable when WUS is configured only for the long-DRX. Nevertheless, Alt 2 has some issues that need further consideration. 
The SS periodicity for PDCCH is defined at slot level, while DRX cycles are defined in ms scale and they cannot be made fully aligned simply by configuration (in all cases). 
· SS periodicities are 1, 2, 4, 5, 8, 10, 16, 20, 40, 80, 160, 320, 640, 1280, 2560 slots, 
· DRX cycles are 10, 20, 32, 40, 60, 64, 70, 80, 128, 160, 256, 320, 512, 640, 1024, 1280, 2048, 2560, 5120, 10240 ms. 

Assume SCS=15 kHz with 1 ms slot duration. Even for this case not all SS periodicities are aligned with DRX cycle lengths  - enabling a fixed WUS offset always (before On duration) via Alt 2 seems infeasible. E.g., for long DRX cycle of 128 ms, the nearest SS periodicities are 80 and 160. Assuming WUS is to be monitored for every ON duration, SS periodicity of 80 slots needs to be chosen, and due to mismatch (128 ms vs 80 ms), the WUS offset becomes variable, which is undesirable. WUS may come much earlier than ON duration leading to a lower UPT as well as an increase in UE power consumption since sometimes the UE may have to wake-up multiple times to monitor during the DRX OFF duration (rf. Figure 6 for illustration).


Figure 6 Implicit WUS offset configuration using SS only

Furthermore, if the longer DRX cycles, e.g., the longest DRX of 10240 ms, is used, the longest SS periodicity to employ is 2560, and this means the UE must wake up more than once during a DRX cycle to monitor WUS. This problem can even exacerbate for higher SCSs. Thus, it is better to use an explicit offset to define the WUS MO(s). 
1. [bookmark: _Toc21114995][bookmark: _Toc20997470][bookmark: _Toc20997508][bookmark: _Toc20997471][bookmark: _Toc20997509][bookmark: _Toc20997472][bookmark: _Toc20997510]For PDCCH-WUS, a WUS offset relative to the beginning of DRX ON is explicitly configured.  
To configure the offset explicitly, i.e., Alt1, two options are possible which are based on how the SS is defined (independently from SS in active time or using same SS set as in active time):
Option 1: The WUS SSs are configured using a fixed offset to the ON duration instead of SS periodicity. A dedicated search space for WUS is configured with following structure : with two parameters added highlighted in red for WUS monitoring. The existing parameters (struck off) can be repurposed to enable WUS offset and duration. dci-FormatWUS can be configured across all SS, i.e. per-BWP configuration, although here is it is shown for completeness.
· WUS SearchSpace configuration
· SearchSpaceId
· controlResourceSetId 
· monitoringSlotPeriodicityAndOffset 
· MonitoringSlotWUSOffset 
=> it defines the slot  (relative to) the beginning of ON duration at which WUS monitoring begins
· Duration
· WUSduration 
=> additional consecutive slots in which WUS is monitored (e.g. max 10 slots).
· monitoringSymbolsWithinSlot
· nrCandidates 
· searchSpaceType – common or USS
· dci-FormatWUS

Option 2: In this case a same search space which is monitored in Active time is also configured for PDCCH-WUS. Two additional parameters defining WUS offset and WUS duration are added and for PDCCH-WUS, the UE can ignore monitoringSlotPeriodicityAndOffset and Duration or overlap on top (i.e. apply both). There are various ways in RRC to enable this option e.g. via search space set(s) linkage through new RRC configuration for PDCCH-WUS.
· WUS SearchSpace configuration
· SearchSpaceId
· controlResourceSetId 
· monitoringSlotPeriodicityAndOffset 
· Duration
· monitoringSymbolsWithinSlot
· nrCandidates 
· searchSpaceType – common or USS
· DCI monitored – 0-0/1-0/0-1/1-1/2-0/2-1/2-2/2-3
· Additional DCI monitored – dciFormatWUS
· MonitoringSlotWUSOffset 
=> it defines the slot  (relative to) the beginning of ON duration at which WUS monitoring begins
· WUSduration 
=> additional consecutive slots in which WUS is monitored (e.g. max 10 slots)

Option 2 has the benefit that it allows reuse of same SSs as well as coresets as those in active time. 
Figure 7 depicts an example of WUS MOs configuration using Option 2. In this specific example, SS periodicity is 1 slot.  WUS offset is 5 slots and WUS duration is 4, i.e., the WUS MOs located in 5 to 2 slots before the ON duration.
As depicted in the Figure, any MO between the WUS offset and WUS duration can be used to transmit WUS and the same SS can be used within the active time.    

 
[bookmark: _Ref20837039]Figure 7 WUS MOs configurations based on Rel 15 PDCCH-Config and  WUS Offset and duration for Option 2
The offset configuration can be indicated per BWP or per search space. Additionally, the NW may configure WUS for some BWPs but not for all. If WUS is not configured in a BWP, then WUS does not impact DRX operation when that BWP is active.  The range for offset and duration is a bit wide (considering the range of DRX cycle lengths/On durations, etc)  though reasonable values depending on the DRX settings would be used in practice.
1. [bookmark: _Toc21114996]Following parameters are configured for PDCCH-WUS:
6. [bookmark: _Toc21114997]A WUS offset value relative to the beginning of DRX ON : Indicates the earliest slot with a WUS MO. Range can be from 1 slot up to 10 ms.
6. [bookmark: _Toc21114998]A WUS duration (in slots): Indicating several consecutive slots that the same SS is extended to enable multiple WUS MOs over multiple slots. Range is (1 to X=10 slots). 

WUS for long DRX only vs short DRX
Another issue which needs to be finalized is if WUS is only applicable to long DRX or short DRX. Several values of short DRX cycles (particularly those above 10 ms) overlap with long DRX cycles, and furthermore, the objective of the WID applies to all types of DRXs and does not distinguish between the two. 
Performance of WUS is compared for different cases and illustrated in Table 1 below. Long DRX cycle of 160 ms is assumed and 200 ms interarrival time for packets, and WUS offset is 1 slot. Other details are in the table.
Simulation results show that by WUS provides power savings for both long and short DRX, with a small degradation of UPT. Independent configuration of WUS for long and short DRX can be more beneficial as then it provides more flexibility in choosing the trade-offs. 

Table 1. WUS performance evaluation for long and short DRX cycles
	Methods
	IAT
	On-duration
	Short-DRX
	UPT
(Mbps)
	Power
(Unit)
	UPT loss
(%)
	PS gain
(%)

	Long-DRX (no WUS) ---  (1)
	100 ms
	4 ms
	#N/A
	31.27
	44.92
	
	

	Long-DRX (w/ WUS) --- (2)
	
	
	
	30.51
	43.91
	2.4%
	2.2%

	Long-DRX (no WUS) + Short-DRX (no WUS) --- (3)
	20 ms
	4 ms
	8 ms
10 times
	31.22
	40.86
	0.2%
	9.0%

	Long-DRX (w/ WUS) + Short-DRX (no WUS) --- (4)
	
	
	
	30.45
	39.90
	2.6%
	11.2%

	Long-DRX (w/ WUS) + Short-DRX (w/ WUS) --- (5)
	
	
	
	29.62
	33.09
	5.3%
	26.3%



1. [bookmark: _Toc20919818][bookmark: _Hlk21094735][bookmark: _Toc21114980]Allowing WUS configuration for both long and short-DRX leads to  significant power savings.
Thus, WUS can be configured for long DRX cycle configuration and for short DRX cycle configuration. When short DRX cycle is configured, UE can be configured to monitor WUS in MOs for the On durations corresponding to those indicated by the long DRX cycle configuration only (these are known through the formula in 38.321 DRX, i.e….. modulo (drx-LongCycle)), or for all On durations including when long DRX or short DRX is used. In the former case, there are some ON duration(s) without any associated WUS MOs and UE’s follow legacy behaviour to wake and monitor PDCCH during such On durations. 
1. [bookmark: _Toc21013474][bookmark: _Toc20997478][bookmark: _Toc20997516][bookmark: _Toc21114999] PDCCH-WUS can be configured for long DRX and for short DRX.   
1. [bookmark: _Toc21115000]When short DRX cycle is configured, RRC should configure one of the below two configurations for WUS monitoring :
0. [bookmark: _Toc21115001]WUS is configured for all On durations (including corresponding to both long and short DRX.)
0. [bookmark: _Toc21013477][bookmark: _Toc20997484][bookmark: _Toc20997522][bookmark: _Toc21115002]WUS is configured for On durations corresponding to those indicated by the long DRX cycle configuration only.
2.2  WUS Misdetection and link recovery aspects 
WUS design should not impact the existing link recovery procedure for regular PDCCH. Additionally, transmission and/or measurement of CS-RS resources for CSI-RS for mobility should not be impacted by WUS to ensure RRM procedures are preserved.  
1. [bookmark: _Toc21115003]Beam failure recovery procedures are not impacted by WUS. 
1. [bookmark: _Hlk21104713][bookmark: _Toc21115004]Transmission and/or measurement of CSI-RS resources for CSI-RS for mobility are not impacted by WUS.
 [2] highlights important aspects to consider regarding WUS robustness and the proposal therein can be considered further to improve WUS design. It is important to ensure WUS link is robust or for the NW to be able to identify any potential issues related to WUS robustness. Beam failure recovery may be impacted if only one WUS MO associated with one Coreset is configured for the UE. Nevertheless, multiple Coresets, each with a different TCI state can be associated with the SS of PDCCH-WUS. Allowing WUS to reuse same coresets as regular PDCCH provides some robustness through the linkage to regular link recovery procedures and so far, the WUS design allows the use of same coresets inside Active time and for PDCCH-WUS. 
If WUS is not detected in a WUS MO, this can be due to NW not sending wakeup command or UE missing the WUS. For the former case, UE should skip PDCCH monitoring in the associated On duration. However, missed WUS increases latency significantly. Compact DCI payload, and robust aggregation levels can help improve WUS reliability, but configuring WUS for a UE should not result in adverse NW impact such as increased link failures. 
1. [bookmark: _Toc21114981]Mechanisms to avoid and quickly recover from WUS misdetection/link failure should be specified, e.g. cases where UE monitors On duration regardless of PDCCH-WUS, CSI reporting in some On durations. 
WUS detection reliability should be enhanced, for example by providing fall-back search spaces (sparse periodicity)/PDCCH On durations that UE monitors regardless of WUS. For example, the UE can be configured with a fallback search space with a sparser monitoring periodicity that UE always monitors (independent of WUS). Or NW should be able to configure WUS for some (not all) ON durations to ensure there are always some ON durations that the UE always monitors.
Additionally, for cases where WUS detection may be unreliable, it is preferable that the UE does not solely rely on ‘unsuccessful WUS detection’ to skip On durations. An RSRP threshold can be configured and if UE determines that RSRP falls below the threshold, it ignores WUS and monitors PDCCH in the On duration. UE can further send an indication to the NW and exit WUS monitoring. 
1. [bookmark: _Toc21115005]For PDCCH-WUS, if RSRP is less than a threshold, UE should fall back to monitoring PDCCH in On duration regardless of detection or not detection of PDCCH-WUS.
 
2.3 Inclusion of additional commands in WUS
It was discussed to include additional commands in WUS and not just indication of wake-up, e.g., aperiodic CSI-RS, SRS, TRS, cross-slot scheduling, BWP switching and so on. 
As agreed in WID and previous meetings, the main objective of power saving signal outside the active time should be to wake-up the UE for the next On duration. As such, the intention should not be to duplicate the scheduling DCI fields in the new DCI format. Inclusion of additional commands comes at the cost of a larger DCI size. A larger DCI size leads to a lower detection performance which should be avoided. Since there is independent on-going work on cross-slot scheduling, the advantage of having an additional one in WUS is unclear. The same holds for BWP switching and other commands. There are efficient mechanisms for BWP switching in current scheduling DCIs, hence, if the NW would like to make this change, it can do so in the beginning of the On duration. 
Conclusion
In section 2, the following observations and proposals were made: 
Observation 1	Allowing WUS configuration for both long and short-DRX leads to  significant power savings.
Observation 2	Mechanisms to avoid and quickly recover from WUS misdetection/link failure should be specified, e.g. cases where UE monitors On duration regardless of PDCCH-WUS, CSI reporting in some On durations.

[bookmark: _GoBack]Proposal 1	For PDCCH-WUS, new DCI format’s size is independent of scheduling DCI format size(s).
Proposal 2	Following is configurable for the new DCI format scrambled by PS-RNTI:
a.	Ninfo : number of information bits in the DCI
b.	S: starting position of the UE-specific information within the DCI
Proposal 3	Following is supported for PDCCH-WUS:
a.	If the number of information bits in the DCI scrambled by PS-RNTI is 0, then detection of signal indicates wake-up indication, while detection of no signal indicates reserved/no wakeup.
b.	If number of information bits in the DCI scrambled by PS-RNTI is >0, if the UE-specific field indicates 1, it implies wake-up, otherwise it implies reserved/no wakeup.
Proposal 4	New DCI format for PDCCH-WUS can be configured to be monitored in UESS.
Proposal 5	PDCCH-WUS configuration is per BWP.
Proposal 6	For PDCCH-WUS, a WUS offset relative to the beginning of DRX ON is explicitly configured.
Proposal 7	Following parameters are configured for PDCCH-WUS:
a.	A WUS offset value relative to the beginning of DRX ON : Indicates the earliest slot with a WUS MO. Range can be from 1 slot up to 10 ms.
b.	A WUS duration (in slots): Indicating several consecutive slots that the same SS is extended to enable multiple WUS MOs over multiple slots. Range is (1 to X=10 slots).
Proposal 8	PDCCH-WUS can be configured for long DRX and for short DRX.
Proposal 9	When short DRX cycle is configured, RRC should configure one of the below two configurations for WUS monitoring :
i.	WUS is configured for all On durations (including corresponding to both long and short DRX.)
ii.	WUS is configured for On durations corresponding to those indicated by the long DRX cycle configuration only.
Proposal 10	Beam failure recovery procedures are not impacted by WUS.
Proposal 11	Transmission and/or measurement of CSI-RS resources for CSI-RS for mobility are not impacted by WUS.
Proposal 12	For PDCCH-WUS, if RSRP is less than a threshold, UE should fall back to monitoring PDCCH in On duration regardless of detection or not detection of PDCCH-WUS.
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Annex A (WUS Offset Evaluations)
IM traffic model with inter-arrival time of 2s, and DRX setting of 320ms of CDRX cycle, 200ms IAT, and 10ms On duration. 
[image: cid:image002.png@01D50182.D665F500]

	Offset value
	Median UPT (Mbps)
	UPT loss

	1
	3.80
	0.0 %

	4
	3.65
	3.9 %

	8
	3.55
	6.6 %

	16
	3.35
	11.8 %

	24
	3.18
	16.3 %

	30
	3.08
	18.9 %




IM traffic model with inter-arrival time of 2s, and DRX setting of 20ms of CDRX cycle, 200ms IAT, and 10ms On duration. 
[image: cid:image001.png@01D551AD.1D62BD60]



	DRX Cycle = 20ms

	Offset value
	Median UPT (Mbps)
	UPT Loss*

	1
	12.02
	0.0%

	4
	11.07
	7.9%

	8
	9.98
	17.0%

	16
	8.55
	28.9%






Annex B
An example of dedicated SS configuration for WUS (Option 1)
SearchSpace information element for WUS 
-- ASN1START
-- TAG-SEARCHSPACE-START

SearchSpace ::=                         SEQUENCE {
    searchSpaceId                           SearchSpace,
    controlResourceSetId                    ControlResourceSetId                                                OPTIONAL,   -- Cond SetupOnly
    monitoringSlotWUSOffset      CHOICE {
        (1..Xslot)
    }                                                                                                           OPTIONAL,   -- Cond Setup
    WUSduration                                INTEGER (1..10)                                                   OPTIONAL,   -- Need R
    monitoringSymbolsWithinSlot             BIT STRING (SIZE (14))                                              OPTIONAL,   -- Cond Setup
    nrofCandidates                          SEQUENCE {
        aggregationLevel1                       ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},
        aggregationLevel2                       ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},
        aggregationLevel4                       ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},
        aggregationLevel8                       ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},
        aggregationLevel16                      ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8}
    }                                                                                                           OPTIONAL,   -- Cond Setup
    searchSpaceType                         CHOICE {
        common                                  SEQUENCE {
            dci-FormatWUS                           SEQUENCE {
                ...
            }                                                                                                   
        },
        ue-Specific                             SEQUENCE {
            dci-Formats                             ENUMERATED {dci-FormatWUS},
            ...
        }
    }                                                                                                           OPTIONAL    -- Cond Setup
}

An example of SS configuration with legacy Rel 15 SS IE enahnced with new fields for WUS support (Option 2)
SearchSpace information element for WUS
-- ASN1START
-- TAG-SEARCHSPACE-START

SearchSpace ::=                         SEQUENCE {
    searchSpaceId                           SearchSpace,
    controlResourceSetId                    ControlResourceSetId                                                OPTIONAL,   -- Cond SetupOnly
    monitoringSlotPeriodicityAndOffset      CHOICE {
        sl1                                     NULL,
        sl2                                     INTEGER (0..1),
        sl4                                     INTEGER (0..3),
        sl5                                     INTEGER (0..4),
        sl8                                     INTEGER (0..7),
        sl10                                    INTEGER (0..9),
        sl16                                    INTEGER (0..15),
        sl20                                    INTEGER (0..19),
        sl40                                    INTEGER (0..39),
        sl80                                    INTEGER (0..79),
        sl160                                   INTEGER (0..159),
        sl320                                   INTEGER (0..319),
        sl640                                   INTEGER (0..639),
        sl1280                                  INTEGER (0..1279),
        sl2560                                  INTEGER (0..2559)
    }                                                                                                           OPTIONAL,   -- Cond Setup
    duration                                INTEGER (2..2559)                                                   OPTIONAL,   -- Need R
    monitoringSymbolsWithinSlot             BIT STRING (SIZE (14))                                              
OPTIONAL,   -- Need R
    monitoringWUSoffset             INTEGER (1..Xslot)
	WUSduration (1…10)
WUSduration….
OPTIONAL,   -- Cond Setup
    nrofCandidates                          SEQUENCE {
        aggregationLevel1                       ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},
        aggregationLevel2                       ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},
        aggregationLevel4                       ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},
        aggregationLevel8                       ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},
        aggregationLevel16                      ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8}
    }                                                                                                           OPTIONAL,   -- Cond Setup
    searchSpaceType                         CHOICE {
        common                                  SEQUENCE {
            dci-Format0-0-AndFormat1-0              SEQUENCE {
                ...
            }                                                                                                   OPTIONAL,   -- Need R
            dci-Format2-0                           SEQUENCE {
                nrofCandidates-SFI                      SEQUENCE {
                    aggregationLevel1                       ENUMERATED {n1, n2}                                 OPTIONAL,   -- Need R
                    aggregationLevel2                       ENUMERATED {n1, n2}                                 OPTIONAL,   -- Need R
                    aggregationLevel4                       ENUMERATED {n1, n2}                                 OPTIONAL,   -- Need R
                    aggregationLevel8                       ENUMERATED {n1, n2}                                 OPTIONAL,   -- Need R
                    aggregationLevel16                      ENUMERATED {n1, n2}                                 OPTIONAL    -- Need R
                },
                ...
            }                                                                                                   OPTIONAL,   -- Need R
            dci-Format2-1                           SEQUENCE {
                ...
            }                                                                                                   OPTIONAL,   -- Need R
            dci-Format2-2                           SEQUENCE {
                ...
            }                                                                                                   OPTIONAL,   -- Need R
            dci-Format2-3                           SEQUENCE {
                dummy1                  ENUMERATED {sl1, sl2, sl4, sl5, sl8, sl10, sl16, sl20}                  OPTIONAL,   -- Cond Setup
                dummy2                  ENUMERATED {n1, n2},
                ...
            }                                                                                                   OPTIONAL    -- Need R
            dci-FormatWUS                           SEQUENCE {
                ...
            }                                                                                                   OPTIONAL,   -- Need R
        
},
        ue-Specific                             SEQUENCE {
            dci-Formats                             ENUMERATED {dci-FormatWUS, formats0-0-And-1-0, formats0-1-And-1-1},
            ...
        }
    }                                                                                                           OPTIONAL    -- Cond Setup
}
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