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1	Introduction

Following agreements were made in RAN2#107. 

Agreements:
1. The PDCCH-WUS triggers a MAC entity to “wake up” to monitor PDCCH at reception of the PDCCH-based power saving signal/channel for the next occurrence of the drx-onDurationTimer. 
2. The PDCCH-WUS is considered jointly with DRX i.e. it is only configured when DRX is configured.
3. The PDCCH-WUS is monitored at occasions located at a configured offset before the start of the drx-onDurationTimer. The offset is part of physical layer design.
4. 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.
5. 	From RAN2 point of view the UE does not monitor WUS during active time.
6. If UE is in DRX Active Time during a PDCCH-WUS occasion, it starts the drx-onDurationTimer at its next occasion as in legacy.
7. The WUS is configured on the PCell with CA and SpCell with DC (i.e. PCell on MCG and PSCell on SCG) 
8. 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)

RAN#107bis agreements:
=>	From RAN2 perspective, it is desirable to support WUS for both short and long DRX and it can be configurable by the network.  However, RAN2 will follow the final RAN1 decision.
=>	Ask RAN1 if there are technical feasibility concerns to support WUS for short DRX
=>	Ask RAN1, what is the assumption regarding whether the UE considers also PDCCH-WUS during WUS occasion(s) to determine when/whether to report P/SP SRS and CSI (i.e. CSI/SRS are performed only during active time).  





2	Discussion

2.1 On the WUS configuration for long and short DRX
[bookmark: _Hlk23861684]RAN2 agreed that from RAN2 perspective, it is desirable to support WUS for both short and long DRX and it can be configurable by the network.  However, RAN2 will follow the final RAN1 decision. RAN2 sent an LS [4] to RAN1. RAN2 informed that from RAN2 perspective support WUS for both short and long DRX and it should be configurable by the network. In addition, RAN2 asked from RAN1 if there are technical feasibility concerns to support WUS for short DRX. However, RAN1 did not reply from the previous meeting.  Furthermore, the following was agreed in RAN1#98bis meeting [3]:
	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




Considering above RAN1 agreement in our understanding there is no RAN1 impact if WUS would be applicable also for short DRX. DRX functionality that controls the UE's PDCCH monitoring is specified in MAC [5]. In addition, it should be noted that there has also been a RAN2 email discussion [107bis#71] on how to capture PDCCH-WUS monitoring and it was concluded to capture it in MAC. As WUS occasions happen an offset before the drx-onDurationTimer start, it does not matter which one of the Short or Long DRX cycles are in use from L1 point of view. The UE will monitor the WUS occasions during short Cycle only if Short Cycle is used and follows the Long Cycle ones otherwise. 
So basically, it would be invisible to PHY specification when the UE needs to monitor the WUS occasions and PHY is not even aware of when the Short or Long DRX Cycle is used. RAN1 only needs to define related physical layer behaviour. Therefore, we propose the following:
[bookmark: _Ref24035958]Proposal 1: WUS is supported for both short and long DRX 
[bookmark: _Ref24035959]Proposal 2: WUS for short and/or long DRX is configurable by the network

  2.2 On the Detection of Monitoring Occasions
6. If UE is in DRX Active Time during a PDCCH-WUS occasion, it starts the drx-onDurationTimer at its next occasion as in legacy.

To address the situation where UE would be still in active time (after previous on duration and scheduling) when the next WUS monitoring occasions occurs, RAN2 decided that UE starts the on duration timer at the next occasion as in legacy, i.e. if UE misses a monitoring occasion the UE behaviour is as PDCCH-WUS would have indicated UE to wake up. 
[image: ]
Figure 1. Illustration of active time ending during the monitoring window.

8. 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)

Based on above agreement the RLM or RRM measurements are not impacted by WUS design, it would potentially mean that UE would be performing beam failure detection, radio link monitoring, beam management measurements and/or RRM measurements when the WUS monitoring occasion occurs. This may have an effect on the UE PDCCH monitoring. Thus, we propose to have more general agreement to capture also the potential issues with agreement 8) i.e. when UE misses at least one monitoring occasion it considers the WUS to be transmitted i.e. it starts the drx-onDurationTimer on the next occasion. 
[bookmark: _Ref24035960]Proposal 3: If UE misses one or multiple monitoring occasions before the associated on-duration it monitors the PDCCH i.e. starts the drx-onDuration timer


2.3 On the onDuration timer and periodic transmissions in DRX 

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.
[bookmark: _GoBack]Based on the above agreement (in #107), the PDCCH-WUS indication does not directly wake-up the UE to monitor PDCCH but does it through controlling the start of the drx-OnDurationTimer. When UE is not indicated to wake up, the timer is not started. As the timer affects also other things than PDCCH monitoring such as CSI reporting and SRS transmission when DRX is configured, it should be considered how the agreement reflects now to the uplink transmission. 
[bookmark: _Ref21001462]Observation 1: the drx-onDurationTimer affects CSI reporting and SRS transmission in DRX
From the 38.321 5.7 Discontinuous Reception (DRX):
1> in current symbol n, if the MAC entity would not be in Active Time considering grants/assignments/DRX Command MAC CE/Long DRX Command MAC CE received and Scheduling Request sent until 4 ms prior to symbol n when evaluating all DRX Active Time conditions as specified in this subclause:
2> not transmit periodic SRS and semi-persistent SRS defined in TS 38.214 [7].
1> if CSI masking (csi-Mask) is setup by upper layers:
2> in current symbol n, if onDurationTimer would not be running considering grants/assignments/DRX Command MAC CE/Long DRX Command MAC CE received until 4 ms prior to symbol n when evaluating all DRX Active Time conditions as specified in this subclause:
3> not report CSI on PUCCH.
1> else:
2> in current symbol n, if the MAC entity would not be in Active Time considering grants/assignments/DRX Command MAC CE/Long DRX Command MAC CE received and Scheduling Request sent until 4 ms prior to symbol n when evaluating all DRX Active Time conditions as specified in this subclause:
3> not report CSI on PUCCH and semi-persistent CSI on PUSCH.

Considering the part of the 38.321 quoted above, in case the PDCCH-WUS does not indicate UE to start the drx-onDurationTimer (to not require UE to monitor PDCCH) it would mean that UE would not report any CSI on PUCCH and/or semi-persistent CSI on PUSCH. Additionally, it would cause UE not to transmit periodic and semi-persistent SRS. This would mean that network would not be able to do any beam management actions in C-DRX (when WUS does not indicate UE to wake up) since UE would not be doing beam reporting. Not having the beam reporting active with C-DRX could make the use of WUS in multibeam deployment challenging.
[bookmark: _Ref21001463]Observation 2: When the PDCCH-WUS does not indicate UE to wake up, it would not perform any periodic/semi-persistent reporting/UL transmissions as currently specified in 38.321
In case network wants to trigger UE to report CSI / transmit SRS when the PDCCH-WUS is configured, it would need to indicate UE to wake up (and start the drx-onDurationTimer). This would also mean that UE would be required to monitor PDCCH for the duration of the timer which affects negatively to the UE power consumption. Thus, from CSI/SRS transmission point of view when WUS is configured but it did not indicate UE to wake-up, UE should perform the uplink transmissions (as in 38.321) as configured and assuming that the timer would be running. 
[bookmark: _Ref21001497]Proposal 4: UE performs CSI/SRS transmissions although the WUS does not indicate the UE to start drx-onDurationTimer (monitor PDCCH)

2.3 PDCCH monitoring and CSI/SRS Transmission
As one additional issue related to the CSI reporting and SRS transmission in DRX (with WUS-PDCCH) is that if UE transmits CSI/SRS according to configuration although the PDCCH-WUS did not indicate UE to wake-up, the network would not be able to perform any beam management actions. Such beam management actions could be e.g. TCI state reconfiguration for PSCCH/PDSCH. To allow network to perform quickly any beam management actions to maintain connectivity, UE should monitor at least a part of the on duration after it has performed CSI reporting / SRS transmission. 
[bookmark: _Ref21001465]Observation 3: Network is not able to perform beam management actions when WUS has not indicated UE to wake-up but UE has transmitted CSI/SRS.
[bookmark: _Ref21001498]Proposal 5: When UE has reported CSI/transmitted SRS, it would be required to monitor PDCCH for at least part of the on duration.  


2.5 Failure Detection for PDCCH-WUS
In Release 15 beam failure recovery, a beam failure instance is indicated by L1 to L2 when all the PDCCH beams (or the RSs corresponding to the TCI states for PDCCH) are estimated to be in failure condition. As long as even one PDCCH beam is above the failure condition (Qout), beam failure is indicated to L2. As a result, the beam failure detection procedure is not able not track specifically just one or specific set of the PDCCH links. To enable efficient beam failure detection in case of wake-up signal may require further consideration.
One of the potential configuration options for PDCCH-WUS is that it corresponds to at least one of the configured TCI State for PDCCH reception. It has been agreed in RAN1 that WUS-PDCCH can be associated to one CORESET (which determines the TCI state) used by other PDCCHs. Considering this from the current beam failure detection perspective, it may mean that the beam used for monitoring power saving signal can be in failure condition (and no other PDCCH are) but no beam failure instance is indicated to L2, no beam failure can be detected, and recovery initiated. Effectively this may mean that UE is not able to decode the transmission of PDCCH-WUS but has no means to quickly recover from this situation.
Additionally, network is not necessarily aware of UE condition or it may take relatively long time for network to notice it if beam reporting is not carried out or done infrequently. In this case network can only wait for UE to trigger failure recovery so that the connection can be established. Also, in DRX, the beam failure detection is done less frequently (in more relaxed manner) i.e. the indication interval is scaled according to the DRX cycle length. Thus, even if all beams are in failure condition, the declaration of beam failure may take relatively long time.
One potential approach to solve this could be to enhance current beam failure detection procedure to allow UE to e.g. trigger beam failure recovery based on the quality of the (TCI-state) RS corresponding to the PDCCH-WUS. 
[bookmark: _Ref21001500]Proposal 6: Define failure recovery mechanism for recovering from failure of PDCCH-WUS. 

3	Conclusion
Observation 1: the drx-onDurationTimer affects CSI reporting and SRS transmission in DRX
Observation 2: When the PDCCH-WUS does not indicate UE to wake up, it would not perform any periodic/semi-persistent reporting/UL transmissions as currently specified in 38.321
Observation 3: Network is not able to perform beam management actions when WUS has not indicated UE to wake-up but UE has transmitted CSI/SRS.
Proposal 1: WUS is supported for both short and long DRX
Proposal 2: WUS for short and/or long DRX is configurable by the network
Proposal 3: If UE misses one or multiple monitoring occasions before the associated on-duration it monitors the PDCCH i.e. starts the drx-onDuration timer
Proposal 4: UE performs CSI/SRS transmissions although the WUS does not indicate the UE to start drx-onDurationTimer (monitor PDCCH)
Proposal 5: When UE has reported CSI/transmitted SRS, it would be required to monitor PDCCH for at least part of the on duration.
Proposal 6: Define failure recovery mechanism for recovering from failure of PDCCH-WUS.
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