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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]. 
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.
In RAN1#98bis, several agreements were made regarding the new DCI format for PDCCH-WUS, namely DCI format 3_0.
Based on those agreements, as a minimum, the PDCCH-WUS needs to indicate ‘wake-up’ or not based on which the UE triggers to start drx-OnDurationTimer. Furthermore, a bit field can be configured for indicating the transition from ’dormancy-like’ to ’non-dormancy like’ behaviour on activated Scells, as agreed in MR CA/DC. Before, addressing the FFS items regarding inclusion of triggering CSI reports, and the fact that some bitfield sizes can be zero, we discuss about the impact of DCI payload size on the detection performance. 
Here, 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.
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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. 
With regard the need for triggering CSI report or any other additional commands in PDCCH-WUS, we should note that 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. As depicted before, a larger DCI size leads to a lower detection performance which should be avoided. 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. 
Next, we consider DCI size/format for PDCCH-WUS. Since the PDCCH-WUS is expected to be always monitored separately 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: _Toc24138054]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 from the higher layers, and for indicating wake up or not, which would need only 0 or 1 bit of information. Additionally, the NW can choose to configure or not bits for from transitioning between dormancy-like behavior to non-dormancy. The size of this bitfield corresponds to the number of Scell groups configured by the NW. 
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) for the UE-specific information. In case Scell adaptation indication is to be included in the WUS DCI, the length can also be obtained from the number of Scell groups configured for WUS Scell transition indication, and as such the starting position configuration should suffice, and the UE can automatically deduce the length of the associated bitfield.  

1. [bookmark: _Toc16888551][bookmark: _Toc24138055]Following is configurable for the DCI format 3_0: 
1. [bookmark: _Toc16888552][bookmark: _Toc24138056]Ninfo : number of information bits in the DCI (value range : 0 to 164)
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: _Toc24138057]S: starting position of the UE-specific information within the DCI
[bookmark: _Toc24138058]Note : bits configured for Scell dormancy in WUS are already agreed in MR-DC 
1. [bookmark: _Toc21114990][bookmark: _Toc24138059]Following is supported for PDCCH-WUS:
2. [bookmark: _Toc21114991][bookmark: _Toc24138060]If the number of information bits in the DCI scrambled by PS-RNTI is 0, then DCI detection with CRC scrambled by PS-RNTI indicates wake-up indication, otherwise it indicates reserved/no wakeup.
2. [bookmark: _Toc21114992][bookmark: _Toc24138061]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. 

An example description of the DCI format can be as shown below: 
· ‘Reserved’ :  A bits= max(0,S-1) bits
· Wake-up indication - [1] bit
· SCell dormancy indication : B bits , B = 0 if higher layer parameter Scell-groups-for-dormancy-outside-active-time is not configured; B is the number of SCell groups determined according to higher layer parameter Scell-groups-for-dormancy-outside-active-time, where each bit corresponds to a group of SCell(s) configured by higher layers. 
· ‘Reserved’ : C bits, C =  Ninfo – B – [1] – A 

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. The blocking probability can particularly increase if the number of UEs assigned to each group is small, or that there are several groups with single UEs. As such, since a dedicated SS is 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. In this case, the use of UESS seems more attractive than CSS and reduces the PDCCH blocking probability. 

1. [bookmark: _Toc24135160]Supporting DCI format 3_0 in USS is particularly beneficial for the case that a single UE is addressed by the DCI format 3_0.
1. [bookmark: _Toc24138062]Support via configuration UE monitoring of DCI format 3_0 in UESS. 
[bookmark: _Toc16885885][bookmark: _Toc16886017][bookmark: _Toc16886054][bookmark: _Toc16886106][bookmark: _Toc16886186]
In the 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]2.2 WUS SS aspects
In RAN1#98bis, the following agreement was made wrt configuring the offset value and SS design. 
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). 

Indeed the existing SS IE is mostly sufficient to accommodate the configuration of WUS MO. However, as for the range of monitoring, the existing parameters may not be always enough to make sure the range of WUS MOs remain quite small. For example, assume that an SS with SS periodicity of one slot is used for WUS. As such any slot after PS_offset till ON duration is a WUS MO. Therefore, if PS_offset is for example 20 slots, the UE need to monitor WUS also in 20 slots. To avoid similar problems with other potential SS configurations, it is preferable to add an additional parameter to SS IE, e.g. a WUSduration indicating the number of slots after PS_offset which can be considered as WUS MO. Otherwise, there is excess UE power consumption even though NW would like to be able to send WUS to the UE in a small window.  Thus a new RRC parameter indicating several consecutive slots starting from PS_offset in which UE monitors WUS should be introduced to enable multiple WUS MOs over multiple slots. Range can be 1 to [10] slots.
1. [bookmark: _Toc24138063]Introduce a new RRC parameter for indicating range of monitoring (in slots) for WUS.
With regard, to the FFS items, our preference is to not add restrictions to allow flexible WUS design – the number of candidates/CCEs should follow existing Rel-15 limits. As discussed before, depending on the channel conditions, the NW should be able to apply PDCCH Link Adaptation to PDCCH-WUS to make sure the WUS is received reliably but also the PDCCH resources are used efficiently, as such, the NW should be flexible to use the ALs/BDs budget available in the existing SS IE without restrictions. NW has the option to not configure specific ALs. The same applies to the SS periodicity values. One might argue that periodicities that do not match with the existing DRX cycles should not be considered. However, because PDCCH-WUS MOs share the same SS as PDCCH MOs within the active time, it is not clear why such a restriction should exist. 
Another issue here is that how PS_offset should be configured and what are the range of the values to consider. Annex A shows UPT performance between different PS_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 considered when considering the range of WUS offset. In our opinion a range of 1 slot to 10 ms (or equivalent at the slot level), is enough to limit the UPT loss in the UE due to PDCCH-WUS and provides flexibility to the NW to transmit PDCCH-WUS. 
We are open to using either slots or time (in ms) for PS_offset as long as the value range is properly ensured. 
Nevertheless, here, the NW may also consider the UE PDCCH-WUS processing time capability into account,. For the NW to be able to use such a potential processing time capability into account, it is much more efficient if a baseline number is agreed as the UE processing time. As such NW does not have to deal with several different UE processing times, making this assistance information to some extend irrelevant. For example, for smaller values of SCS (e.g., 15 or 30 KHz), an offset value of 1 slot should suffice. However, for larger values of SCS (i.e., 60 and 120 KHz), larger baseline offsets e.g, 2 to 4 slots can be considered as baseline. 
Another issue here, is that if PS_offset should be configured per cell, per BWP or per SS. Considering the above arguments, and the fact that different BWPs may have different SCSs, then it makes sense to allow PS_offset to be configured per BWP. Nevertheless, to configure PS_offset per SS does not seem necessary. 
1. [bookmark: _Toc24135161]For PS_offset value range, the units can be either slots or absolute time (in ms), with enough margin provided to allow flexible WUS monitoring configuration for all numerologies.
1. [bookmark: _Toc20997470][bookmark: _Toc20997508][bookmark: _Toc20997471][bookmark: _Toc20997509][bookmark: _Toc20997472][bookmark: _Toc20997510][bookmark: _Toc24138064]For PS_offset value range, setting can be between 1 slot up to [10] ms.
2.3 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. In RAN1#98bis, the following agreement was made in this regard.
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

Send an LS to RAN2 regarding the above agreements – Fangchen (CATT), R1-1911461, which is approved by removing the last paragraph, with final LS in R1-1911475
Here, two issues need to be considered. First, PDCCH-WUS is considered as a mechanism to enable power saving in UE in association with C-DRX. Therefore, if PDCCH-WUS should not be considered for short DRX, there should be compelling evidence that there is no power savings advantage in this regard. Another issue is if the agreed mechanisms to configure PDCCH-WUS MOs based on existing SS IE can be applied to both long and short DRX or better suit the long DRX.
About the power savings aspects, 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: _Hlk21094735][bookmark: _Toc20919818][bookmark: _Toc24135162]Allowing WUS configuration for both long and short-DRX leads to  significant power savings.

In addition to power savings advantages, employing existing SS IE to configure PDCCH-WUS MOs can be applied to both cases with no change. In the following, we provide an example where the UE is configured with both short and long DRX and furthermore, PDCCH WUS MOs are configured by a SS with SS periodicity of one slot, and PS_offset is the same for both short and long DRX. In this example which is depicted in Figure 2, we use the SS IE in Rel 15, in addition to PS_offset to show that with the agreed approach to configure WUS MO, WUS can be configured for both short and long DRX. Figure 2a depicts an example where the PS_offset is 5 slots before the ON duration, and the SS is configured with SS periodicity of one slot. Since the PS_offset falls outside of the short DRX active time, in this figure the configured WUS MOs can be monitored by the UE for WUS. Nevertheless, in Figure 2b, PS_offset falls inside the short DRX ON duration. According to the RAN 2 agreements which says if WUS MO falls within the active time, the UE does not need to monitor it for WUS. Therefore, in this case the UE does not need to monitor the WUS, as WUS MO falls within the short DRX ON duration. As such, the NW can use the agreed approach for configuring WUS for both short and long DRX. Nevertheless, it can be considered to include a higher layer parameter letting the UE know if WUS is applicable to both short and long DRX, or only long DRX if necessary. 



(a)


(b)
[bookmark: _Ref23859968]Figure 2 Example of WUS configuration for Short DRX

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. If WUS MO falls within the short DRX On Duration, the UE does not need to monitor WUS and follows legacy DRX behavior in the next On duration.
1. [bookmark: _Toc21013474][bookmark: _Toc20997478][bookmark: _Toc20997516][bookmark: _Toc24138065]PDCCH-WUS can be configured for long DRX and for short DRX using the same SS configuration.   
1. [bookmark: _Toc24138066]When short DRX cycle is configured, RRC should configure one of the below two configurations for WUS monitoring :
0. [bookmark: _Toc24138067]WUS is configured for all On durations (including corresponding to both long and short DRX.)  
0. [bookmark: _Toc21013477][bookmark: _Toc20997484][bookmark: _Toc20997522][bookmark: _Toc24138068]WUS is configured for On durations corresponding to those indicated by the long DRX cycle configuration only.
2.4  WUS reception and behaviour aspects 
Following was agreed in last RAN1 meeting:
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)

In RAN2#107, the following agreement is made which helps clarifying some aspects related to other cases.

1. If UE is in DRX Active Time during a PDCCH-WUS occasion, it starts the drx-onDurationTimer at its next occasion as in legacy.

As such one of the cases where the WUS MO collides with other procedures is the case when a WUS MO is within the active time. If any of the configured WUS MOs falls within Active time, the UE should wake up to monitor PDCCH in the next ON duration. 

Other cases include collision of WUS MO with another type of PDCCH outside the active time (e.g. paging). In this situation, WUS transmission is blocked by another PDCCH, and thus with the same mindset of the above RAN2 agreement, the UE should monitor PDCCH in the next ON duration. The chance of such a collision is however very low, particularly if WUS MOs are configured properly. 

In addition to the above, the WUS MO configuration maybe such that the no specific WUS MO is configured before one or more C-DRX. For example, if SS periodicity does not match the DRX cycle, it may happen that there is no candidates for WUS monitoring before a particular ON duration. Since WUS is considered as a one to one mapping with an ON duration, if no WUS MO is configured for the UE for a specific ON duration, UE should follow legacy DRX behavior and wake up in next ON duration.

1. [bookmark: _Toc24138069]UE follows legacy DRX behavior if there are no candidates for WUS monitoring in a WUS monitoring window before an ON duration.   
2.5  WUS Misdetection and link recovery aspects 
RAN2 issued the following LS to RAN1.
	[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]
Based on the above RAN2 agreements, as a consequence, 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. RAN2 did not explicitly discuss whether this is the desired behaviour or not regarding P/SP SRS and CSI reporting, and would like to check if RAN1 has any views/concern on this behaviour.



From our perspective, the CSI reporting and SRS transmissions that are meant for data scheduling do not need to be transmitted if there is no data for the UE. On the other hand, there are other operations that use the CSI reporting framework that are necessary for link maintenance, and these should not be affected. 
In our opinion, WUS design should not impact the existing link recovery procedure for regular PDCCH as well as PDCCH link adaptation. 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: _Toc24138070]Beam failure recovery procedures are not impacted by WUS. 
1. [bookmark: _Hlk21104713][bookmark: _Toc24138071]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. In the RAN1#98bis, the following related agreements were made which is the base of the discussion afterwards.
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:
· TCI state and update mechanism for the CORESET(s) used for DCI format 3_0 follow Rel-15 procedures 

Considering the above agreements, 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. Configuring 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 follow the NW configuration following the below agreement made in RAN1#98bis. 
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”

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: _Toc24135163]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. 
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. UE should fall back to legacy DRX behavior if the link quality can drop. An RSRP threshold can be configured and if UE determines that RSRP falls below the threshold, even if does not detect DCI format 3_0, it will wakeup to monitor PDCCH in the On duration. UE can further send an indication to the NW via CSI reporting. 
1. [bookmark: _Toc24138072]For PDCCH-WUS, if UE does not detect DCI format 3_0, and if RSRP is less than a configured threshold, UE wakes up and monitors PDCCH in On duration.
 
Conclusion
In section 2, the following observations and proposals were made: 
Observation 1	Supporting DCI format 3_0 in USS is particularly beneficial for the case that a single UE is addressed by the DCI format 3_0.
Observation 2	For PS_offset value range, the units can be either slots or absolute time (in ms), with enough margin provided to allow flexible WUS monitoring configuration for all numerologies.
Observation 3	Allowing WUS configuration for both long and short-DRX leads to  significant power savings.
Observation 4	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.

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 DCI format 3_0:
a.	Ninfo : number of information bits in the DCI (value range : 0 to 164)
b.	S: starting position of the UE-specific information within the DCI
Note : bits configured for Scell dormancy in WUS are already agreed in MR-DC
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 DCI detection with CRC scrambled by PS-RNTI indicates wake-up indication, otherwise it 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	Support via configuration UE monitoring of DCI format 3_0 in UESS.
Proposal 5	Introduce a new RRC parameter for indicating range of monitoring (in slots) for WUS.
Proposal 6	For PS_offset value range, setting can be between 1 slot up to [10] ms.
Proposal 7	PDCCH-WUS can be configured for long DRX and for short DRX using the same SS configuration.
Proposal 8	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 9	UE follows legacy DRX behavior if there are no candidates for WUS monitoring in a WUS monitoring window before an ON duration.
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 UE does not detect DCI format 3_0, and if RSRP is less than a configured threshold, UE wakes up and monitors PDCCH in On duration.
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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. 
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	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%
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