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1 Introduction

This contribution discusses the impact of WUS-signalling, i.e. PDCCH-WUS, to the CSI/SRS reporting (periodic SRS/CSI on PUCCH/semi-persistent CSI on PUSCH) during DRX. 
2 Discussion
In recent RAN1/RAN2 meetings the UE behavior w.r.t the “power saving signal/channel” adapting UE’s drx ActiveTime was discussed. To be more specific the UE monitors at a preconfigured occasion, i.e. WUS-occasion, a new signal/channel (PDCCH-WUS) which indicates whether the UE shall wake-up to monitor the PDCCH during the next occurrence of the drx-onDurationTimer. In case the PDCCH-WUS indicates the UE 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 not.

Following agreements have been reached at the RAN2#107 meeting:
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)

DRX-related timers like e.g. drx-InactivityTimer, drx-RetransmissionTimerDL and drx-ShortCycleTimer timer are started and stopped by events such as reception of a PDCCH grant or MAC Control element (DRX Command MAC CE/Long DRX Command MAC CE); hence the DRX status (active time or non-active time) of the UE can change from slot/symbol to slot/symbol and is hence not always predictable by the UE or gNB. Since the UE needs some time to process received downlink control signaling or information changing the DRX status, and also requires some time to prepare a CSI/SRS report, i.e. this processing time strongly depends on the implementation of the UE, some relaxation w.r.t to CSI/SRS reporting during DRX was introduced in NR. It should be noted that such CSI/SRS reporting issue already existed for LTE and was addressed also in LTE specifications.
In order to relax the UE requirements w.r.t CSI/SRS reporting during DRX and also in order to introduce some predictable UE behaviour which avoids the need of gNB double decoding, i.e. decoding assuming CSI/SRS as well as no CSI/SRS transmission, following behaviour was introduced in TS38.321. 

	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 clause:

2>
not transmit periodic SRS and semi-persistent SRS defined in TS 38.214 [7].

2> 
not report CSI on PUCCH and semi-persistent CSI on PUSCH.
1>
if CSI masking (csi-Mask) is setup by upper layers:

2>
in current symbol n, if drx-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 clause:

3>
not report CSI on PUCCH.




Basically UE determines whether to report CSI/SRS in a current symbol n by considering the downlink signalling (grants/assignments/DRX Command MAC CE/Long DRX Command MAC CE ) and SR transmissions impacting the DRX status having been received respectively transmitted until 4ms prior to this symbol n. In case symbol n would not be in Active Time according to the donwlink signalling received respectively SR sent until 4 ms prior to symbol n when evaluating all DRX Active Time conditions, UE does not transmit periodic SRS/CSI on PUCCH/semi-persistent CSI on PUSCH.
With the introduction of the WUS-signal also the starting of the drx-onDurationTimer is not a deterministic event anymore. So far drx-onDurationTimer was always started according to the configured DRX cycle, however now the starting of the drx-onDurationTimer depends on whether the WUS signalling at the PDCCH-WUS occasion indicates the UE to wake-up to monitor the PDCCH during the next occurrence of the drx-onDuration, i.e. indicating UE to start the drx-onDurationTimer at its next occasion. Therefore in order to have a consistent UE behavior, we think that the UE should also consider WUS-signal (PDCCH-WUS) when determining whether to report P/SP SRS and CSI. UE should report CSI/SRS when PDCCH-WUS indicates UE to start drx-onDurationTimer for the next occasion, whereas for cases when drx-onDurationTimer is not started, UE should not report SRS/CSI. 
Proposal 1: UE considers also PDCCH-WUS during WUS occasion(s) to determine when/whether to report P/SP SRS and CSI.  

Since the offset between the WUS occasion and the next occurrence of OnDuration, i.e. also referred to as WUS-Offset, could be shorter than 4ms but the condition for determining whether to report CSI/SRS in a symbol n depends on the control signalling received until 4ms before symbol n, UE behavior needs to be discussed for such cases. 

In the first option UE considers the PDCCH-WUS signaling for determining whether to send CSI/SRS also for cases when WUS-Offset is smaller than 4 ms. This leads to a UE behavior where UE may not transmit periodic SRS/CSI during (the beginning of) a OnDuration even for cases when drx-onDurationTimer is actually running and UE is in Active Time, i.e. WUS signal has indicated the UE to start drx-onDurationTimer. This is because when the WUS occasion is configured to be less than 4ms before the start of the next DRX cycle, UE cannot consider the PDCCH-WUS signalling for determining whether to send CSI/SRS for the first (4 – WUS-Offset)ms of the OnDuration period, i.e. UE would act as not having received a PDCCH-WUS indicating the UE to start the drx-onDurationTimer.
In an alternative option UE may report CSI/SRS for the first X ms of OnDuration regardless of the DRX status of the UE, i.e. regardless of whether drx-onDurationTimer is actually running or not for cases when WUS-Offset is smaller than 4 ms. The Value X is equal to (4ms-WUS-Offset). According to this option UE may report CSI/SRS for some limited time for cases when UE is not in ActiveTime, i.e. drx-onDurationTimer is not running. 
We think that the first option is sufficient, even though UE may not transmit SP/P CSI/SRS – depending on the configuration – at the beginning of the OnDuration. Also from specification point of view the first option might be slightly simpler. 
Proposal 2: RAN2 to discuss whether UE reports CSI/SRS for the first x=4-WUS-Offset ms of OnDuration regardless of the DRX status of the UE, i.e. regardless of whether drx-onDurationTimer is actually running for cases when WUS-Offset is smaller than 4 ms.
3 Conclusion
This contribution discusses the impact of WUS-signalling, i.e. PDCCH-WUS, to the CSI/SRS reporting (periodic SRS/CSI on PUCCH/semi-persistent CSI on PUSCH) during DRX. It is proposed to agree on the following:
Proposal 1: UE considers also PDCCH-WUS during WUS occasion(s) to determine when/whether to report P/SP SRS and CSI.
Proposal 2: RAN2 to discuss whether UE reports CSI/SRS for the first x=4-WUS-Offset ms of OnDuration regardless of the DRX status of the UE, i.e. regardless of whether drx-onDurationTimer is actually running for cases when WUS-Offset is smaller than 4 ms. 
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