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Introduction
In this paper, we discuss the impact of PDCCH-based wakeup signal on link management procedures such as CSI report and BFD measurements. 
NOTE: In this paper, WUS is used to denote PDCCH-based wakeup signal, unless noted otherwise.  
Discussion
SRS
It is known that the purpose of SRS is to help network schedule UE’s UL transmission. Therefore, SRS is not required if network does not need to schedule any UL data for UE, e.g. when UE is not in DRX active time.
Observation 1. 	SRS is transmitted by UE to help network schedule UL transmission. Hence it is not needed when there is no UL data.

When WUS indicates that UE does not need to wake up to monitor PDCCH, UE does not enter DRX active time for the upcoming DRX cycle. Based on the observation above, UE therefore does not need to transmit SRS. 

Proposal 1. UE does not transmit SRS when not in DRX active time, irrespective of whether it is due to WUS indication or not. 

CSI
According to TS 38.331, via reportQuantity IE, network can configure two types of CSI reports for UE: CQIs and L1-RSRPs (either cri-RSRP or ssb-Index-RSRP).
    reportQuantity                          CHOICE {
        none                                    NULL,
        cri-RI-PMI-CQI                        NULL,
        cri-RI-i1                              NULL,
        cri-RI-i1-CQI                         SEQUENCE {
        		pdsch-BundleSizeForCSI            ENUMERATED {n2, n4} OPTIONAL  -- Need S
       },
        cri-RI-CQI                             NULL,
        cri-RSRP                             	 NULL,
        ssb-Index-RSRP                        NULL,
        cri-RI-LI-PMI-CQI             		 NULL
	},
CQIs, which are measurement results on DL reference signals, are used by network to determine transmission parameters of its PDSCH transmissions. Therefore, if WUS indicates there is no data for UE to receive (i.e. network has nothing to schedule on PDSCH) in the next occurrence of DRX on duration, there is no need for UE to report CQIs and all CSIs which contain only CQIs shall not be reported. 
Observation 2. CSI reports containing only CQIs help network schedule PDSCH transmission. Hence they are not needed if WUS indicates there is no DL data. 
Proposal 2. CSI reports containing only CQIs are not sent if UE is not in DRX active time (i.e. WUS has no impact on the legacy UE behaviour).
L1-RSRP reports from UE are used by network to manage UE’s serving and candidate beams. Since UE needs to periodically detect/receive WUS on PDCCH, it is important for UE to maintain a good set of beams, even when there is no data exchange between network and UE over multiple DRX cycles. 
In our understanding, beam management is a procedure different from beam failure detection, i.e. beam management enables network to adjust UE’s serving beam among a set of candidate beams, when its radio link condition changes. On the other hand, beam failure recovery is performed when none of UE’s beams works any more and network needs to configure a new set of beams for UE. Therefore, although BFD measurements should not be impacted by WUS (see the next section for the reasons), it can’t fully replace the purpose of beam management.
Observation 3. To ensure reliable reception of PDCCH based WUS, there is a need to send L1-RSRP report to maintain UE’s beams, even when there is no data activity. 
As to when or how frequent L1-RSRP reports should be sent, we do not think any solution based on periodic reporting (e.g. every DRX cycle or every Nth DRX cycle) should be adopted. That is because change in radio link quality is dynamic and often unpredictable. For example, beam changes typically depend on UE’s mobility state or change in its reception angles. Those changes are hardly periodic. Therefore, it is not power inefficient to send periodic L1-RSRP reports during DRX inactive time, especially when beams do not need to be adjusted.
Observation 4. It is not power efficient to send periodic L1-RSRP reports during DRX inactive time, especially when beams do not need to be adjusted.
For the same reasons, any solution that requires network to poll UE’s L1-RSRP is not efficient either (e.g. send WUS to wake up UE only for the purpose of getting CSI report, even when there is no data), because network can’t predict when UE may need a beam reconfiguration.
Observation 5. It is not power efficient for network to poll UE’s L1-RSRPs for the purpose of beam management. 
To maximize UE’s power savings (since WUS is configured), we think a better approach is for UE to report L1-RSRP during DRX inactive time only when it is necessary (i.e. when UE detects its beams need to be reconfigured). This event-triggered reporting can be implemented as follows: 
· Network configures a reporting threshold on UE’s radio link quality; 
· When L1-RSRP of UE’s beams drop below this configured threshold (the exact criteria can be left up to RAN1), UE transmits CSI with the L1-RSRPs over its configured periodic or semi-persistent PUCCH resources, even if UE is in DRX inactive time;
· To simplify network’s decoding effort and consistent UE behaviour irrespective of the CSI-masking configuration, such CSI transmissions during DRX inactive time can be restricted to be within configured DRX on durations (which is the period of time if on duration timer was running).    
· After UE sends L1-RSRP report, since it expects its beams to be reconfigured, UE should enter DRX active time. That would allow UE to monitor PDCCH and look out for either PDCCH TCI state indication MAC CE or RRC Reconfiguration message. In addition, once UE enters DRX active time, additional measurements and reporting would resume, which can help network better determine UE’s new set of beams.
In some cases, network my configure CSIs with L1-RSRP with very short periodicity, e.g. when it configures narrow beams for UE to maximize its throughput during active time. Such a configuration certainly is not necessary when UE has no data, and it is not robust when WUS is configured. More efficient alternative is that when WUS is configured, network configures wide and thus more robust beams. In addition, that would allow longer reporting periodicity for its CSI report, which is more power efficient. To differentiate these two CSI reports, we may use reporting threshold as an indicator, i.e. 
· If a CSI with L1-RSRP is configured with a reporting threshold, it can be reported during DRX inactive time, when L1-RSRP of UE’s reference signals drops below the reporting threshold;
· Otherwise (i.e. a CSI is not configured with a reporting threshold), UE follows the legacy behavior for its reporting (i.e. UE does not report this CSI during any DRX inactive time).
Proposal 3. 	When WUS is configured, UE does not report CSI with L1-RSRP during any DRX inactive time, unless this CSI is configured with a reporting threshold and L1-RSRP of its beams drop below this reporting threshold (The exact criteria can be left up to RAN1). 
Proposal 4. 	CSI report with L1-RSRPs during DRX inactive time is transmitted only during configured DRX on durations. After such a report is sent, UE enters DRX active time.
Proposal 5. 	If a CSI with L1-RSRP is not configured with a reporting threshold, UE follows the legacy behaviour for CSI reporting, i.e. UE does not report this CSI during any DRX inactive time.
BFD
In RAN2#107, it was agreed that RLM measurements are not impacted by WUS:
1. 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)
We think the same behaviour should be applied to BFD as well. Since UE does not wake up if PDCCH-based WUS is not received, it is important for UE to maintain a reliable serving beam for its PDCCH, because otherwise UE may mistake a mis-detection due to poor PDCCH reception as no WUS is sent. Therefore, it is critical for UE to maintain contiguous measurements on its configured BFD reference signals, irrespective of whether WUS indicates UE to skip the next DRX on duration.  
Observation 6. Reliable reception of WUS requires timely failure detection of PDCCH serving beam. 
Proposal 6.  Similar to RLM measurements, BFD measurements are not impacted by WUS.

Mis-detection
There have been papers proposing additional UE behaviors to handle mis-detection of WUS. The main concern is that consecutive mis-detection may result in extra delay and degrade link reliability. We do not think mis-detection is a not critical issue, because the existing framework has all necessary means to handle it well. 
First, if mid-detection is caused by a failed link, then BFD procedure can detect the failed link in time as long as BFD measurements are not impacted by WUS (see the previous section). And since BLER target for BFD is set at 1%, it is very likely that BFR is triggered before persistent mis-detection happens.
Observation 7. Persistent mis-detection due to link failure can be handled by BFD.
Second, if link quality is good, persistent mis-detection is a rare event, because RAN1 has agreed to design WUS with a mis-detection rate no worse than 0.1%. Therefore, it is an unnecessary optimization to introduce additional measures to handle consecutive mis-detection (e.g. two or three mis-detection in a row), because eMBB does not require ultra-reliable delivery and URLLC is unlikely to be configured with DRX.
Observation 8. Persistent mis-detection on a good link is a rare event and hence does not need additional enhancements.
For the reasons argued above, we hence conclude that nothing extra needs to be done for mis-detection.  
Proposal 7.  Additional enhancement for handling mis-detection is not needed.
Conclusion
Based on the above discussion, we make the following observations and recommend RAN2 to discuss and adopt the following proposals: 
SRS transmission
Observation 1. SRS is transmitted by UE to help network schedule UL transmission. Hence it is not needed when there is no UL data.
Proposal 1. UE does not transmit SRS during any DRX inactive time (i.e. WUS has no impact on the legacy UE behaviour). 

CSI report with only CQIs
Observation 2. CSI reports containing only CQIs help network schedule PDSCH transmission. Hence they are not needed if WUS indicates there is no DL data. 
Proposal 2. UE does not send CSI reports containing only CQIs during any DRX inactive time (i.e. WUS has no impact on the legacy UE behaviour).

CSI report with L1-RSRPs
Observation 3. To ensure reliable reception of PDCCH based WUS, there is a need to send L1-RSRP report to maintain UE’s beams, even when there is no data inactivity. 
Observation 4. It is not power efficient to send periodic L1-RSRP reports during DRX inactive time, especially when beams do not need to be adjusted.
Observation 5. It is not power efficient for network to poll UE’s L1-RSRPs for the purpose of beam management. 
Proposal 3.  When WUS is configured, UE does not report CSI with L1-RSRP during any DRX inactive time, unless this CSI is configured with a reporting threshold and L1-RSRP of its beams drop below a configured threshold (The exact criteria can be left up to RAN1). 
Proposal 4.  CSI report with L1-RSRPs during DRX inactive time is transmitted only during configured DRX on durations. After such a report is sent, UE enters DRX active time.
Proposal 5. 	If a CSI with L1-RSRP is not configured with a reporting threshold, UE follows the legacy behaviour for CSI reporting, i.e. UE does not report this CSI during any DRX inactive time.

BFD

Observation 6. Reliable reception of WUS requires timely detection of failed PDCCH beams. 
Proposal 6.  Similar to RLM measurements, BFD measurements are not impacted by WUS.

Mis-detection

Observation 7. Persistent mis-detection due to link failure can be handled by BFD.
Observation 8. Persistent mis-detection on a good link is a rare event and hence does not need additional enhancements.
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