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 Introduction
[bookmark: OLE_LINK15][bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK16]The agreements on Rel-16 UE power saving in RAN1#100e were 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 functionality carried by WUS PDCCH includes wake-up indication and SCell dormancy indication.
Handling of miss detection
In RAN1 #98bis meeting, the 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.   
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Figure 1 Default behavior of 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 to whether wake up or not in the case of miss detection. Therefore, the clarification of UE behavior of the miss detection of other function is necessary. 
[bookmark: OLE_LINK4]Observation 1: It is necessary to clarify UE behavior in the case of miss detection of SCell dormancy indication.
[bookmark: OLE_LINK3]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 assumed UE’s behavior on the activated SCells 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, the unnecessary power consumption can be reduced due to the dormancy behavior switch. Furthermore, when the higher layer signaling configures UE with wakes-up, the UE shall start the drx-onDurationTimer. To ensure the transmission performance in the upcoming Active Time, UE should switch to non-dormancy behavior for the activated SCells as it is depicted by Figure 1.
It can be understood that if network configures “wake-up” as the default UE behavior, network cares more about the system performance. From this perspective, it makes sense to follow the same philosophy, i.e., switch to non-dormant BWP for all the activated SCells in case of miss detection of DCI 2_6. 
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.
Dormant BWP switching
In Rel-15, as shown in the following spec, UE is not expected to receive a BWP-switching DCI after the first 3 symbols in a slot. One of the reasons for such restriction is to leave sufficient time for UE to perform BWP switching since RAN4 defines the minimum BWP switching gap in the units of slot. Another intention of this restriction is to simplify UE implementation.
	TS38.213 Section 12
A UE expects to detect a DCI format 0_1 indicating active UL BWP change, or a DCI format 1_1 indicating active DL BWP change, only if a corresponding PDCCH is received within the first 3 symbols of a slot.



DCI format 1_1 and DCI 0_1 are enhanced to trigger dormant BWP change in Rel-16. It is not clear whether the DCI format 1_1 and DCI 0_1 triggering dormant BWP change (i.e., indicating dormancy) are required to be limited within the first 3 symbols of one slot.
Similar issue happens to WUS PDCCH. WUS PDCCH can also be applied to trigger BWP change. It is not clear whether the WUS PDCCH is required to be limited within the first 3 symbols of one slot.
Proposal 2: RAN1 clarifies whether DCI format 1_1/0_1 and DCI format 2_6 indicating SCell dormancy change are to be limited within the first 3 symbols of one slot.
If yes, adopt the following TP.
	TS38.213 V16.1.0
12 [bookmark: _Toc29917324][bookmark: _Toc12021494][bookmark: _Toc26719431][bookmark: _Ref496621482][bookmark: _Toc29894871][bookmark: _Toc36498198][bookmark: _Toc20311606][bookmark: _Toc29899588][bookmark: _Toc29899170]Bandwidth part operation
*** Unchanged text is omitted ***
A UE expects to detect a DCI format 0_1 indicating active UL BWP change, or a DCI format 1_1 indicating active DL BWP change, only if a corresponding PDCCH is received within the first 3 symbols of a slot.
A UE expects to detect a DCI format 2_6, DCI format 1_1 or DCI format 0_1 indicating SCell dormancy change, as described in Clause 10.3, only if a corresponding PDCCH is received within the first 3 symbols of a slot.



CSI measurement/reporting
According to the agreements in RAN1 #100 e-meeting, UE can be configured to to perform the P-CSI/L1-RSRP measurement and report during the time duration indicated by drx-onDurationTimer outside Active Time.
In addition, RAN1 also agreed that the P-CSI and P-L1-RSRP reports are independently configured to allow UE to report periodic CSI apart from L1-RSRP. The reporting quantities related to periodic L1-RSRP in TS 38.331[3] are shown as follows. 
	Agreements
P-CSI and L1-RSRP reports are independently configured and to allow UE only to report periodic CSI apart from L1-RSRP.

	[bookmark: _Toc29321325][bookmark: _Toc20425929][bookmark: _Toc20425970][bookmark: _Toc29321366]TS 38.331 V16.0.0
6.3.2	Radio resource control information elements
–	CSI-ReportConfig
CSI-ReportConfig ::=                SEQUENCE {
    ……
    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,
[bookmark: OLE_LINK7]        ssb-Index-RSRP                          NULL,
        cri-RI-LI-PMI-CQI                       NULL
},
    ……
}



As described in TS 38.331, there are two report quantities related to periodic L1-RSRP report. So, if the UE reports periodic CSI apart from L1-RSRP, it is necessary to adopt the following corrections on TS 38.214[4]. 
Proposal 3: Adopt the following text.
	TS 38.214 V16.1.0
5.1.6.1           CSI-RS reception procedure
*** Unchanged text is omitted ***
If the UE is configured with DRX, 
-	if  the UE is configured to monitor DCI format 2_6 and configured by higher layer parameter [PS-Periodic_CSI_TransmitOrNot] to report CSI with the higher layer parameter reportConfigType set to 'periodic' and reportQuantity set to quantities other than cri-RSRP and ssb-Index-RSRP 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 also outside DRX active time for CSI to be reported;
-	if the UE is configured to monitor DCI format 2_6 and configured by higher layer parameter[PS_Periodic_L1-RSRP_TransmitOrNot] to report L1-RSRP with the higher layer parameter reportConfigType set to 'periodic' and reportQuantity set to cri-RSRP 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 also outside DRX active time for CSI to be reported;
-	otherwise, the most recent CSI measurement occasion occurs in DRX active time for CSI to be reported.

	TS 38.214 V16.1.0
5.2.2.5 CSI reference resource definition
*** Unchanged text is omitted ***
When DRX is configured, the UE reports a CSI report only if receiving at least one CSI-RS transmission occasion for channel measurement and CSI-RS and/or CSI-IM occasion for interference measurement in DRX Active Time no later than CSI reference resource and drops the report otherwise. When the UE is configured to monitor DCI format 2_6 and if the UE configured by higher layer parameter [PS-Periodic_CSI_TransmitOrNot] to report CSI with the higher layer parameter reportConfigType set to 'periodic' and reportQuantity set to quantities other than cri-RSRP and ssb-Index-RSRP when drx-onDurationTimer is not started, the UE shall report CSI during the time duration indicated by drx-onDurationTimer also outside active time according to the procedure described in Clause 5.2.1.4 if receiving at least one CSI-RS transmission occasion for channel measurement and CSI-RS and/or CSI-IM occasion for interference measurement during the time duration indicated by drx-onDurationTimer outside DRX active time or in DRX Active Time no later than CSI reference resource and drops the report otherwise. When the UE is configured to monitor DCI format 2_6 and if the UE configured by higher layer parameter [PS_Periodic_L1-RSRP_TransmitOrNot] to report L1-RSRP with the higher layer parameter reportConfigType set to 'periodic' and reportQuantity set to 'cri-RSRP' or 'ssb-Index-RSRP' when drx-onDurationTimer is not started, the UE shall report L1-RSRP during the time duration indicated by drx-onDurationTimer also outside active time according to the procedure described in clause 5.2.1.4 and when reportQuantity set to 'cri-RSRP' if receiving at least one CSI-RS transmission occasion for channel measurement and CSI-RS and/or CSI-IM occasion for interference measurement during the time duration indicated by drx-onDurationTimer outside DRX active time or in DRX Active Time no later than CSI reference resource and drops the report otherwise.


.
[bookmark: OLE_LINK21]Minimum time gap
The minimum time gap between the last slot of the monitoring occasion of the WUS PDCCH and the start of the DRX-On duration depends on UE capability. It is introduced to enable a UE to warm up for the data transmission during the subsequent DRX cycle if WUS PDCCH indicates wake-up. The agreements on the PS_offset and minimum time gap in RAN1 #100e are shown as follows. 
	Agreements:
PS_offset range from {0.125ms to 15 ms} for all SCS.
The PS_offset resolution is 0.125 ms.
Agreements:
Candidate values for the minimum time gap are specified by RAN1 and shared with RAN4
·       Minimum time gap is no more than 3 ms for all SCSs
·       Two values of minimum time gap for each SCS are proposed as
· SCS 15kHz: {TBD, TBD} slots
· SCS 30kHz {TBD,  TBD} slots
· SCS 60kHz {TBD, TBD} slots
· SCS 120kHz {TBD, TBD} slots



As the PS_offset is used to define the start of the time duration of WUS PDCCH monitoring, the smaller one of the two candidate values of minimum time gap should be smaller than PS_offset. Furthermore, to ensure that UE have enough time to turn on RF chains before the start of DRX onDuration timer, the minimum time gap should be at least equal to 1 slot. 
Considering the application delay for the transition between SCell dormancy/non-dormancy triggered by WUS PDCCH, the larger one of the two candidate values of minimum time gap should consider the application delay to ensure UE to monitor PDCCH at the start of DRX-On duration on both PCell and SCells. So the values of type 2 BWP switching delay as shown in Table 1 in [5] is preferred to be defined as one of two candidate values of minimum time gap. 
Table 1: BWP switch delay [5]
	[image: ]
	NR Slot length (ms)
	BWP switch delay TBWPswitchDelay (slots)

	
	
	Type 1Note 1
	Type 2Note 1

	0
	1
	1
	3

	1
	0.5
	2
	5

	2
	0.25
	3
	9

	3
	0.125
	6
	18

	Note 1:	Depends on UE capability.
Note 2:	If the BWP switch involves changing of SCS, the BWP switch delay is determined by the smaller SCS between the SCS before BWP switch and the SCS after BWP switch.



Therefore, it is proposed that the two candidate values of minimum time gap can be 1 slot and the maximum value of the application delay of SCell dormancy/non-dormancy transitioning. Moreover, if the minimum time gap is not reported by UE, the minimum time gap is taken as 0.
Proposal 4: Type 2 BWP switching delay can be taken as one of the two candidate values of minimum time gap.
Proposal 5: The value of 1 slot should be defined as another candidate value of minimum time gap. If the minimum time gap is not signaled by UE, the default value is 0.
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.

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: RAN1 clarifies whether DCI format 1_1/0_1 and DCI format 2_6 indicating SCell dormancy change are to be limited within the first 3 symbols of one slot.
If yes, adopt the following TP.
	TS38.213 V16.1.0
13 Bandwidth part operation
*** Unchanged text is omitted ***
A UE expects to detect a DCI format 0_1 indicating active UL BWP change, or a DCI format 1_1 indicating active DL BWP change, only if a corresponding PDCCH is received within the first 3 symbols of a slot.
A UE expects to detect a DCI format 2_6, DCI format 1_1 or DCI format 0_1 indicating SCell dormancy change, as described in Clause 10.3, only if a corresponding PDCCH is received within the first 3 symbols of a slot.



Proposal 3: Adopt the following text.
	TS 38.214 V16.1.0
5.1.6.1           CSI-RS reception procedure
*** Unchanged text is omitted ***
If the UE is configured with DRX, 
-	if  the UE is configured to monitor DCI format 2_6 and configured by higher layer parameter [PS-Periodic_CSI_TransmitOrNot] to report CSI with the higher layer parameter reportConfigType set to 'periodic' and reportQuantity set to quantities other than cri-RSRP and ssb-Index-RSRP 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 also outside DRX active time for CSI to be reported;
-	if the UE is configured to monitor DCI format 2_6 and configured by higher layer parameter[PS_Periodic_L1-RSRP_TransmitOrNot] to report L1-RSRP with the higher layer parameter reportConfigType set to 'periodic' and reportQuantity set to cri-RSRP 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 also outside DRX active time for CSI to be reported;
-	otherwise, the most recent CSI measurement occasion occurs in DRX active time for CSI to be reported.

	TS 38.214 V16.1.0
5.2.2.5 CSI reference resource definition
*** Unchanged text is omitted ***
When DRX is configured, the UE reports a CSI report only if receiving at least one CSI-RS transmission occasion for channel measurement and CSI-RS and/or CSI-IM occasion for interference measurement in DRX Active Time no later than CSI reference resource and drops the report otherwise. When the UE is configured to monitor DCI format 2_6 and if the UE configured by higher layer parameter [PS-Periodic_CSI_TransmitOrNot] to report CSI with the higher layer parameter reportConfigType set to 'periodic' and reportQuantity set to quantities other than cri-RSRP and ssb-Index-RSRP when drx-onDurationTimer is not started, the UE shall report CSI during the time duration indicated by drx-onDurationTimer also outside active time according to the procedure described in Clause 5.2.1.4 if receiving at least one CSI-RS transmission occasion for channel measurement and CSI-RS and/or CSI-IM occasion for interference measurement during the time duration indicated by drx-onDurationTimer outside DRX active time or in DRX Active Time no later than CSI reference resource and drops the report otherwise. When the UE is configured to monitor DCI format 2_6 and if the UE configured by higher layer parameter [PS_Periodic_L1-RSRP_TransmitOrNot] to report L1-RSRP with the higher layer parameter reportConfigType set to 'periodic' and reportQuantity set to 'cri-RSRP' or 'ssb-Index-RSRP' when drx-onDurationTimer is not started, the UE shall report L1-RSRP during the time duration indicated by drx-onDurationTimer also outside active time according to the procedure described in clause 5.2.1.4 and when reportQuantity set to 'cri-RSRP' if receiving at least one CSI-RS transmission occasion for channel measurement and CSI-RS and/or CSI-IM occasion for interference measurement during the time duration indicated by drx-onDurationTimer outside DRX active time or in DRX Active Time no later than CSI reference resource and drops the report otherwise.



Proposal 4: Type 2 BWP switching delay can be taken as one of the two candidate values of minimum time gap.
Proposal 5: The value of 1 slot should be defined as another candidate value of minimum time gap. If the minimum time gap is not signaled by UE, the default value is 0.
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