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 Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK15][bookmark: OLE_LINK2][bookmark: OLE_LINK16]The agreements on Rel-16 UE power saving till RAN1#99 are captured in [1]. The remaining issues on WUS PDCCH are discussed in this contribution.  
[bookmark: OLE_LINK5]Remaining issues of WUS PDCCH
To reduce power consumption of RRC connected mode UE, DCI format 2_6 (WUS PDCCH) was introduced. The functionalities carried by WUS PDCCH include wake-up indication and SCell dormancy indication.
Handling of miss detection
In RAN1 #98bis meeting, mechanism of handling miss detection for wake-up indication was agreed. According to the agreements, UE behavior in the case of miss detection can be configured by higher layer parameters.
	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”
Agreements
If UE detects DCI format 3_0 in the monitoring occasion(s), UE follows the indication of wakeup or not from the corresponding field.   



[image: ]
Figure 1  Default behavior for miss detection of WUS PDCCH indicating dormancy behavior
Considering SCell dormancy indication is also carried by WUS PDCCH, it is not enough for the UE to be only configured whether wake up or not in the case of miss detection. Therefore, the clarification of UE behaviors for the miss detection of other function is necessary. 
[bookmark: OLE_LINK4]Observation 1: It is necessary to clarify UE behaviors in the case of miss detection of SCell dormancy indication.
Defining default behavior is an effective method to resolve the miss detection of the WUS PDCCH outside Active Time. For example, if the dormancy behavior of activated SCells indicated by WUS PDCCH is not detected, the behavior on the activated SCells that UE is supposed to perform should be clarified. Considering there are some ongoing activities that are not impacted by the DRX operation, it is proposed to have current state behavior on the activated SCells as an option when the UE is configured with not-wake -up for the miss detection of WUS PDCCH. In this case, UE can save unnecessary power consumption due to the dormancy behavior switch. Furthermore, when the higher layer signaling configures UE as “wakes-up”, the UE starts the drx-onDurationTimer. To ensure the transmission performance in the upcoming Active Time, UE should switch to non-dormancy behavior for the SCells as it is shown in Figure 1.
Proposal 1: If the WUS PDCCH indicating dormancy behavior on the activated SCells outside Active Time is not detected and the UE is configured to wake up by higher layer signaling, UE should switch to non-dormancy behavior for the activated SCells.
CSI measurement/reporting
In Rel-15, if the UE is configured with DRX, the CSI measurement and reporting are performed by UE during Active Time. In Rel-16, to save UE’s energy consumed by PDCCH-only state, WUS PDCCH is introduced to indicate UE whether to start the drx-onDurationTimer or not for the subsequent DRX cycle. In the case of sparse data transmission, UE does not need to wake up to detect PDCCH for a number of DRX cycles. If the channel condition suffer from a great change, the CSI reported by UE would be out-of-date. And the scheduling would be impacted when data packet arrives.  
To ensure the performance of data transmission, the impact of WUS PDCCH on CSI was discussed in RAN1#99. The agreements are as follows.
	Agreements:
When drx_OnDurationTimer does not start, RAN1 agrees the following report(s) are impacted by the WUS indication
· SP L1-RSRP reporting 
· SP-CSI
· SRS
Except:
· by configuration, whether or not for periodic L1-RSRP reporting
· by configuration, whether or not for periodic CSI
· By default, both the above two are also impacted by the WUS indication
Note: for the above two bullets (under Except), no additional RAN1 impact is expected in Rel-16



According to the agreements, UE can be configured to report periodic CSI or L1-RSRP when drx_OnDurationTimer does not start. However, according to the spec 38.214, the reported CSI is based on the most recent CSI measurement occasion occurs in DRX Active Time. With this restriction, there is no CSI measurement occasion available in the case of not-wake-up indication, even it is allowed to configure UE to report CSI.
Observation 2: There is no CSI measurement occasion available in the case of not-wake-up indication, even UE can be configured to report CSI.
To resolve the issue, it is proposed that the periodic CSI measurement occasion during drx_OnDurationTimer are available to UE when the timer does not start. Considering UE also needs to perform some background activities, such as monitoring PDCCH for paging or system information and RRM measurement, the power consumption would not be significantly impacted by the periodic CSI measurement and reporting. 
Proposal 2: It is proposed that the periodic CSI measurement occasion during drx_OnDurationTimer are available to UE when the timer does not start. 
According to the proposal, the following text is proposed.
Proposal 3: Adopt the following proposed text.
................................................................ Text Proposal for 38.214..................................................................................
If the UE is configured with DRX , and
-	if the UE is configured to monitor DCI format 2_6 and if the UE is configured by higher layer parameter [PS-Periodic_CSI_TransmitOrNot] to report CSI with the higher layer parameter reportConfigType set to ‘periodic’ when drx-onDurationTimer is not started, the most recent CSI measurement occasion occurs in DRX active time or during the time duration indicated by drx-onDurationTimer for CSI to be reported
-	if the UE is configured to monitor DCI format 2_6 and if the UE is configured by higher layer parameter [PS_Periodic_L1-RSRP_TransmitOrNot] to report L1-RSRP with the higher layer parameter reportConfigType set to ‘periodic’ when drx-onDurationTimer is not started, the most recent CSI measurement occasion occurs in DRX active time or during the time duration indicated by drx-onDurationTimer for CSI to be reported
-	otherwise, the most recent CSI measurement occasion occurs in DRX active time for CSI to be reported.
................................................................ Text Proposal for 38.214..................................................................................
It may be argued that network can inform UE to wake up if it expects to acquire an up-to-date CSI. Nevertheless, it should be noted that it would be more power consuming if transmission of a wake-up indication is the only way to CSI acquisition, as UE also needs to monitor PDCCH when drx_OnDurationTimer is started.
Collision with other procedures
It is possible that the occasion of WUS PDCCH is not valid due to the collision with other procedures. In the following RAN1#99 agreements, it was agreed that UE follows legacy DRX operation when Rel-15 invalid PDCCH monitoring occasion is occurred. 
	Agreements:
UE follows legacy DRX operation when DCI format 3_0 monitoring occasion(s) is invalid or there are no DCI format 3_0 monitoring occasions outside Active Time.  
· FFS: Additional cases in addition to Rel-15 invalid PDCCH monitoring, 
· FFS: whether it is all monitoring occasions or some monitoring occasions 



In RAN2#108, the same issue was also discussed and the agreements are as follows.
	Agreements
UE behavior when PDCCH-WUS occurs during BWP switch is the same as when PDCCH-WUS occurs during Active Time (i.e. onDurationtimer is started).
UE behavior when PDCCH-WUS occurs during a measurement gap is the same as when PDCCH-WUS occurs during Active Time ((i.e. onDurationtimer is started)



However, the collisions due to the BWP switching and measurement gap are not captured in 38.213 [2]. Therefore, we propose the following text to incorporate the agreements in RAN2. 
Proposal 4: Adopt the following Text proposal.
................................................................ Text Proposal for 38.213..................................................................................
If a UE is provided search space sets to monitor PDCCH for detection of DCI format 2_6 in the active DL BWP of the PCell or of the SpCell and the UE 
-	is not required to monitor PDCCH for detection of DCI format 2_6, as described in Clauses 10 and 11.1, for all corresponding PDCCH monitoring occasions outside Active Time prior to a next DRX cycle, or 
-	does not have any PDCCH monitoring occasions for detection of DCI format 2_6 outside Active Time of a next DRX cycle, or
-	is not required to monitor PDCCH for detection of DCI format 2_6 during BWP switch delay for all corresponding PDCCH monitoring occasions outside Active Time prior to a next DRX cycle, or
-	is not required to monitor PDCCH for detection of DCI format 2_6 during measurement gap for all corresponding PDCCH monitoring occasions outside Active Time prior to a next DRX cycle
the UE shall start the by drx-onDurationTimer for the next DRX cycle.
................................................................ Text Proposal for 38.213..................................................................................
[bookmark: OLE_LINK21]Minimum time gap
The minimum time gap between the end of last WUS PDCCH monitoring occasion and the start of the DRX on depends on UE capability. It is introduced to enable UE to warm up for the data transmission during the subsequent DRX cycle if WUS PDCCH indicates wake-up. The agreements on the minimum time gap in RAN1 #99 are as follows. 
	Agreements:
The minimum time gap between the end of the slot of last DCI format 3_0 monitoring occasion and the start of the DRX ON is a UE capability based on subcarrier spacing.
· The reporting is per SCS in units of slots of the respective SCS
· The reported value for a SCS is taken from two possible values per SCS
· The largest value of minimum time gap in UE capability is no more than the number of slots equal to [3]ms
· FFS impact of dormancy/non-dormancy transition 



The conclusion of application delay for the transition between SCell dormancy/non-dormancy made in RAN1 #99 is as follows.
	Conclusion:
· From RAN1 perspective, 
· Application delay for transitions between dormant BWP and non-dormant BWP will be specified by RAN4.
· Until further RAN4 input is received, current DCI based BWP switching time that is supported by the UE is assumed as the application delay. 



[bookmark: OLE_LINK3]When SCell dormancy indication is also conveyed by WUS PDCCH, to reduce the interruption time caused by dormant/non-dormant BWP switch during the DRX Active Time, the dormancy/non-dormancy transition time should be incorporated into the minimum time gap. 
Proposal 5: The dormancy/non-dormancy transition time should be incorporated into the minimum time gap reported by UE.
DCI contents
WUS PDCCH conveys the wake-up indication and SCell dormancy indication. Regarding the information field location, it was agreed in RAN1 #99 that the SCell dormancy indication immediately follows the wake-up indication.  
	RAN1#99 agreements 
Agreements:
Higher layer configuration of DCI format 3_0 with UE specific indication includes,
· Number of information bits of DCI format 3_0
· A starting position for 1-bit WUS, and immediately followed by X-bit additional power saving information (when configured)
· FFS whether the value X is implicitly derived from other configurations or explicitly configured



However, the case that UE supports SCell dormancy indication but does not support wake-up indication should be considered. In this case, the starting position configured by higher layer is the location of SCell dormancy indication, not the wake-up indication.
Proposal 6: The case that UE supports SCell dormancy indication but does not support wake-up indication should be considered, when determining the locations of information fields for DCI format 2_6. 
Others
In 38.212, the information filed conveyed by DCI format 2_6 are wake-up indication and SCell dormancy. To keep the alignment, it is suggested that the same terminology “wake-up indication” is used in 38.213. Therefore, the following text is proposed.
Proposal 7: Adopt the following Text proposal.
................................................................ Text Proposal for 38.213..................................................................................
A UE configured with DRX mode operation [11, TS 38.321] on the PCell or on the SpCell [12, TS 38.331]
-	a PS-RNTI for DCI format 2_6 by ps-RNTI
-	a number of search space sets, by dci-Format2-6, to monitor PDCCH for detection of DCI format 2_6 on the active DL BWP of the PCell or of the SpCell according to a common search space as described in Clause 10.1
-	a payload size for DCI format 2_6 by SizeDCI_2-6
-	a location in DCI format 2_6 of a Wake-up indication bit by PSPositionDCI2-6, where 
-	the UE may not start the drx-onDurationTimer for the next long DRX cycle when a value of the 'wake-up indicationPDCCH monitoring' bit is '0', and
-	the UE starts the drx-onDurationTimer for the next long DRX cycle when a value of the 'wake-up indicationPDCCH monitoring' bit is '1'
-	a bitmap, when the UE is provided a number of groups of configured SCells by Scell-groups-for-dormancy-outside-active-time, where 
-	the bitmap location is immediately after the 'wake-up indicationPDCCH monitoring' bit location
................................................................ Text Proposal for 38.213..................................................................................

According to 38.321, the DRX Active Time is determined by drx-onDurationTimer, drx-InactivityTimer, retransmission Timer, etc.. The following text is proposed to fix the inconsistent description.  
[bookmark: _GoBack]Proposal 8: Adopt the following Text proposal.
................................................................ Text Proposal for 38.213..................................................................................
If a UE is provided search space sets to monitor PDCCH for detection of DCI format 2_6 in the active DL BWP of the PCell or of the SpCell and the UE does not detect DCI format 2_6
-	if the UE is provided ps-WakeupOrNot, the UE is indicated by ps-WakeupOrNot whether the UE may not start or whether the UE shall start the drx-onDurationTimer for the next DRX cycle
-	if the UE is not provided ps-WakeupOrNot, the UE may not start Active Time indicated by the drx-onDurationTimer for the next DRX cycle
................................................................ Text Proposal for 38.213..................................................................................
Conclusion
[bookmark: OLE_LINK14]In this contribution, we discuss the remaining issues on WUS PDCCH and have the following observations and proposals. 
Observation 1: It is necessary to clarify UE behaviors in the case of miss detection of SCell dormancy indication.
Observation 2: There is no CSI measurement occasion available in the case of not-wake-up indication, even UE can be configured to report CSI.

Proposal 1: If the WUS PDCCH indicating dormancy behavior on the activated SCells outside Active Time is not detected and the UE is configured to wake up by higher layer signaling, UE should switch to non-dormancy behavior for the activated SCells.
Proposal 2: It is proposed that the periodic CSI measurement occasion during drx_OnDurationTimer are available to UE when the timer does not start. 
Proposal 3: Adopt the following proposed text.
................................................................ Text Proposal for 38.214..................................................................................
If the UE is configured with DRX , and
-	if the UE is configured to monitor DCI format 2_6 and if the UE is configured by higher layer parameter [PS-Periodic_CSI_TransmitOrNot] to report CSI with the higher layer parameter reportConfigType set to ‘periodic’ when drx-onDurationTimer is not started, the most recent CSI measurement occasion occurs in DRX active time or during the time duration indicated by drx-onDurationTimer for CSI to be reported
-	if the UE is configured to monitor DCI format 2_6 and if the UE is configured by higher layer parameter [PS_Periodic_L1-RSRP_TransmitOrNot] to report L1-RSRP with the higher layer parameter reportConfigType set to ‘periodic’ when drx-onDurationTimer is not started, the most recent CSI measurement occasion occurs in DRX active time or during the time duration indicated by drx-onDurationTimer for CSI to be reported
-	otherwise, the most recent CSI measurement occasion occurs in DRX active time for CSI to be reported.
................................................................ Text Proposal for 38.214..................................................................................
Proposal 4: Adopt the following Text proposal.
................................................................ Text Proposal for 38.213..................................................................................
If a UE is provided search space sets to monitor PDCCH for detection of DCI format 2_6 in the active DL BWP of the PCell or of the SpCell and the UE 
-	is not required to monitor PDCCH for detection of DCI format 2_6, as described in Clauses 10 and 11.1, for all corresponding PDCCH monitoring occasions outside Active Time prior to a next DRX cycle, or 
-	does not have any PDCCH monitoring occasions for detection of DCI format 2_6 outside Active Time of a next DRX cycle, or
-	is not required to monitor PDCCH for detection of DCI format 2_6 during BWP switch delay for all corresponding PDCCH monitoring occasions outside Active Time prior to a next DRX cycle, or
-	is not required to monitor PDCCH for detection of DCI format 2_6 during measurement gap for all corresponding PDCCH monitoring occasions outside Active Time prior to a next DRX cycle
the UE shall start the by drx-onDurationTimer for the next DRX cycle.
................................................................ Text Proposal for 38.213..................................................................................
Proposal 5: The dormancy/non-dormancy transition time should be incorporated into the minimum time gap reported by UE.
Proposal 6: The case that UE supports SCell dormancy indication but does not support wake-up indication should be considered, when determining the locations of information fields for DCI format 2_6. 
Proposal 7: Adopt the following Text proposal.
................................................................ Text Proposal for 38.213..................................................................................
A UE configured with DRX mode operation [11, TS 38.321] on the PCell or on the SpCell [12, TS 38.331]
-	a PS-RNTI for DCI format 2_6 by ps-RNTI
-	a number of search space sets, by dci-Format2-6, to monitor PDCCH for detection of DCI format 2_6 on the active DL BWP of the PCell or of the SpCell according to a common search space as described in Clause 10.1
-	a payload size for DCI format 2_6 by SizeDCI_2-6
-	a location in DCI format 2_6 of a Wake-up indication bit by PSPositionDCI2-6, where 
-	the UE may not start the drx-onDurationTimer for the next long DRX cycle when a value of the 'wake-up indicationPDCCH monitoring' bit is '0', and
-	the UE starts the drx-onDurationTimer for the next long DRX cycle when a value of the 'wake-up indicationPDCCH monitoring' bit is '1'
-	a bitmap, when the UE is provided a number of groups of configured SCells by Scell-groups-for-dormancy-outside-active-time, where 
-	the bitmap location is immediately after the 'wake-up indicationPDCCH monitoring' bit location
................................................................ Text Proposal for 38.213..................................................................................
Proposal 8: Adopt the following Text proposal.
................................................................ Text Proposal for 38.213..................................................................................
If a UE is provided search space sets to monitor PDCCH for detection of DCI format 2_6 in the active DL BWP of the PCell or of the SpCell and the UE does not detect DCI format 2_6
-	if the UE is provided ps-WakeupOrNot, the UE is indicated by ps-WakeupOrNot whether the UE may not start or whether the UE shall start the drx-onDurationTimer for the next DRX cycle
-	if the UE is not provided ps-WakeupOrNot, the UE may not start Active Time indicated by the drx-onDurationTimer for the next DRX cycle
................................................................ Text Proposal for 38.213..................................................................................
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