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Introduction
In this contribution, we discuss the following remaining issues on power saving signal based on the latest specification [1], and represent our views on these issues.
Discussion
Wake-up indication
The current TS38.213 specification describes that:
	10.3	PDCCH monitoring indication and dormancy/non-dormancy behaviour for SCells
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 'PDCCH monitoring' bit is '0', and
-	the UE starts the drx-onDurationTimer for the next long DRX cycle when a value of the 'PDCCH monitoring' bit is '1'
……


Some agreements on the DCI of PDCCH-based power saving signal are follows:
	RAN1-98Bis 
Agreements:
The new DCI of PDCCH-based power saving signal/channel outside Active Time is designed with UE-specific configured power saving information for one or more UEs.
· The new DCI format supports multiplexing of one or more UEs
· FFS: Whether the starting position and the location of the indication in the new DCI format for a specific UE is based on higher layer configuration
· FFS: Details of the DCI format design for a specific UE
· Whether new DCI format is similar to that of DCI format 2_x
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.   
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
Agreements:
· DCI format 3_0 is not monitored in USS 


According to the above agreements, the DCI of PDCCH-based power saving signal supports multiplexing of one or more UEs, a Wake-up indication is a UE-specific indication, its position is provided by UE-specific higher layer parameter, that means the DCI can include one or more Wake-up indications. A UE needs to confirm whether it should wake up or not based on its corresponding Wake-up indication in the DCI.
In addition, in the description of “the UE may not start the drx-onDurationTimer for the next long DRX cycle when a value of the 'PDCCH monitoring' bit is '0' ”, it is ambiguous for the 'PDCCH monitoring' bit. In our views, the ‘PDCCH monitoring’ should refer to the corresponding Wake-up indication for a UE. 
Therefore, to avoid ambiguity, it is necessary to make it consistent.
Proposal 1: Change ‘PDCCH monitoring’ bit to ‘Wake-up indication’ bit.

On the SpCell and PCell
The current 38.213[1] specification describes that:
	[bookmark: _Toc29894868][bookmark: _Toc29899167][bookmark: _Toc29899585][bookmark: _Toc29917314]10.3	PDCCH monitoring indication and dormancy/non-dormancy behaviour for SCells
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 
……
-	an offset by ps-Offset indicating a time, where the UE starts monitoring PDCCH for detection of DCI format 2_6 according to the number of search space sets, prior to a slot where the drx-onDuarationTimer would start on the PCell or on the SpCell [11, TS 38.321]
-	for each search space set, the PDCCH monitoring occasions are the ones in the first  slots indicated by duration, or  slot if duration is not provided, starting from the first slot of the first  slots and ending prior to the start of drx-onDurationTimer. 
The UE does not monitor PDCCH for detecting DCI format 2_6 during Active Time [11, TS 38.321].
If a UE reports for an active DL BWP a requirement for a number of slots prior to the beginning of a slot where the UE would start the drx-onDurationTimer, the UE is not required to monitor PDCCH for detection of DCI format 2_6 during the number of slots.
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 drx-onDurationTimer for the next DRX cycle


According to the definition of SpCell in TS 38.321[2], SpCell is the abbreviation of Special Cell, the meaning of Special cell is as follows:
Special Cell: For Dual Connectivity operation the term Special Cell refers to the PCell of the MCG or the PSCell of the SCG depending on if the MAC entity is associated to the MCG or the SCG, respectively. Otherwise the term Special Cell refers to the PCell.
It seems that the text description is based on the agreements from RAN2-107 meeting:
	· The WUS is configured on the PCell with CA and SpCell with DC (i.e. PCell on MCG and PSCell on SCG)


In general, WUS can be configured on the PCell with/without CA in SA case or on the PCell/PSCell in DC case. In our view, if it is explicitly mentioned in the DC case, it is better to use SpCell which refers to PCell or PSCell. If there is no limit to which case, it is better to use a single “SpCell” or use “PCell/PSCell” which is applicable for both SA case and DC case. 
Therefore, since SpCell may be PCell or PSCell, PCell has been mentioned, “SpCell” should be modified to “PSCell”.
Proposal 2: Modify SpCell to PSCell.
In addition, in the current running 38.331 CR, the parameter ps-WakeupOrNot has been modified to ps-Wakeup. To align with higher layer specification, it is necessary to modify it in the related physical specification [1].
	[bookmark: _Hlk515947660]PhysicalCellGroupConfig ::=         SEQUENCE {
......
DCP-Config-v16xx ::=                SEQUENCE {
    ps-RNTI-r16                         RNTI-Value,
    ps-Offset-r16                       ENUMERATED {ms0dot125, ms0dot25, ms0dot5, ms1, ms2, ms3, ms4,
                                            ms5, ms6, ms7, ms8, ms9, ms10, ms11, ms12, ms13, ms14, spare15,
                                            spare14, spare13, spare12, spare11, spare10, spare9, spare8,
                                            spare7, spare6, spare5, spare4, spare3, spare2, spare1},
    sizeDCI-2-6-r16                     INTEGER (1..maxDCI-2-6-Size),
    ps-PositionDCI-2-6-r16              INTEGER (0..maxDCI-2-6-Size-1),
    ps-WakeUp-r16                       ENUMERATED {true}                              OPTIONAL,   -- Need S
    ps-TransmitPeriodicL1-RSRP-r16      ENUMERATED {true}                              OPTIONAL,   -- Need S
    ps-TransmitPeriodicCSI-r16          ENUMERATED {true}                              OPTIONAL    -- Need S
}


Proposal 3: Modify ps-WakeupOrNot to ps-Wakeup.
We also provide TP for both proposal 1 and 2.
Proposal 4: Consider to adopt TP in Appendix 5.1.

Value range of PS-offset 
In RAN1#99, the value range of the PS-offset was discussed, and the following agreement was achieved.
	Agreements:
· PS_offset is set with the unit of milliseconds.   The value range of the PS_offset is from [0.125, 0.25, 0.5, 1, 2, …, [15]]ms
· FFS whether or not to add extra values


In general view, the value range of the PS-offset is from 0.125ms to 15ms. In our view, when the value is small, gNB can decide whether to schedule the UE group according to packet arrival in time, but UE should support the minimum time gap small enough. It is a tradeoff, and 0.125ms can be a lower bound of the PS-offset to achieve better system efficiency. When the value is large, gNB has to decide the scheduling long time before DRX ON, but UE has enough time to process DCI format 2_6. It is also a tradeoff, and we also support 15ms as an upper bound of the PS-offset.
On the other hand, granularity of the PS-offset can be smaller. In this way, there are more candidates of the PS-offset, and UE can be grouped in time domain (i.e. different UE group has different monitoring occasion for DCI format 2_6), which leads to larger number of UE groups. 0.5ms granularity can be applied, and 32 values can be generated.
Proposal 5: The value range of the PS_offset is from 0.125, 0.25, 0.5, 1, 1.5, 2, 2.5, …, 14.5, 15ms.

Fall back to legacy DRX operation
In RAN1#99, use cases of fall back to legacy DRX operation was agreed.
	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 


The addressed use cases belong to Rel-15 invalid PDCCH monitoring, which has been captured in FL summary as follows.
	The monitor occasions of PDCCH-based power saving signal/channel could be invalid due to collision with the other procedures as follows,
· P-RNTI (for short message), SI-RNTI (and corresponding PDSCH, triggered by P-RNTI), RA-RNTI (and corresponding PDSCH), and/or C-RNTI/MCS-C-RNTI (for beam failure recovery) outside the Active Time
· Collision with SSB slots
· UL symbol configured by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated
· UL symbol configured by DCI format 2-0


Regarding the second FFS, it addressed whether there is exception for Rel-15 invalid PDCCH monitoring for DCI format 2_6. In our view, the listed events causing collisions all have higher priority than power saving signal. So, any PDCCH monitoring occasion for DCI format 2_6 is invalid, if it is a Rel-15 invalid PDCCH monitoring occasion.
Proposal 6: Any PDCCH monitoring occasion for DCI format 2_6 is invalid, if it is a Rel-15 invalid PDCCH monitoring occasion.

Conclusion
In this contribution, we discuss the remaining power saving signal issues and following conclusions are proposed:
Proposal 1: Change ‘PDCCH monitoring’ bit to ‘Wake-up indication’ bit. 
Proposal 2: Modify SpCell to PSCell.
Proposal 3: Modify ps-WakeupOrNot to ps-Wakeup.
Proposal 4: Consider to adopt TP in Appendix 5.1.
Proposal 5: The value range of the PS_offset is from 0.125, 0.25, 0.5, 1, 1.5, 2, 2.5, …, 14.5, 15ms.
Proposal 6: Any PDCCH monitoring occasion for DCI format 2_6 is invalid, if it is a Rel-15 invalid PDCCH monitoring occasion.
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Appendix A-Text Proposal 
TP for TS38.213
[bookmark: _Ref494215420][bookmark: _Ref502921678][bookmark: _Ref502921460]Proposed TP is as follows:
------------------------------------------------------ Start of Text Proposal ----------------------------------------------------------
--------------------------------------------------- Unchanged parts omitted ---------------------------------------------------------
10.3	PDCCH monitoring indication and dormancy/non-dormancy behaviour for SCells
A UE configured with DRX mode operation [11, TS 38.321] on the PCell or on the PSCellSpCell [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 PSCellSpCell 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 corresponding Wake-up indication'PDCCH monitoring' bit is '0', and
-	the UE starts the drx-onDurationTimer for the next long DRX cycle when a value of the corresponding Wake-up indication 'PDCCH 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 corresponding Wake-up indication'PDCCH monitoring' bit location
-	the bitmap size is equal to the number of groups of configured SCells where each bit of the bitmap corresponds to a group of configured SCells from the number of groups of configured SCells
-	a '0' value for a bit of the bitmap indicates an active DL BWP, provided by dormant-BWP, for the UE [11, TS38.321] for each activated SCell in the corresponding group of configured SCells
-	a '1' value for a bit of the bitmap indicates an active DL BWP, provided by first-non-dormant-BWP-ID-for-DCI-outside-active-time, for the UE for each activated SCell in the corresponding group of configured SCells
-	an offset by ps-Offset indicating a time, where the UE starts monitoring PDCCH for detection of DCI format 2_6 according to the number of search space sets, prior to a slot where the drx-onDuarationTimer would start on the PCell or on the PSCellSpCell [11, TS 38.321]
-	for each search space set, the PDCCH monitoring occasions are the ones in the first  slots indicated by duration, or  slot if duration is not provided, starting from the first slot of the first  slots and ending prior to the start of drx-onDurationTimer. 
The UE does not monitor PDCCH for detecting DCI format 2_6 during Active Time [11, TS 38.321].
If a UE reports for an active DL BWP a requirement for a number of slots prior to the beginning of a slot where the UE would start the drx-onDurationTimer, the UE is not required to monitor PDCCH for detection of DCI format 2_6 during the number of slots.
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 PSCellSpCell and the UE does not detect DCI format 2_6
-	if the UE is provided ps-Wakeupps-WakeupOrNot, the UE is indicated by ps-Wakeupps-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-Wakeupps-WakeupOrNot, the UE may not start Active Time indicated by drx-onDurationTimer for the next DRX cycle
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 PSCellSpCell 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
the UE shall start by drx-onDurationTimer for the next DRX cycle.
If a UE is provided search space sets to monitor PDCCH for detection of DCI format 0_1 and DCI format 1_1 and if one or both of DCI format 0_1 and DCI format 1_1 include a XYZ field, 
-	the XYZ field is a bitmap with size equal to a number of groups of configured SCells, provided by Scell-groups-for-dormancy-within-active-time, 
-	each bit of the bitmap corresponds to a group of configured SCells from the number of groups of configured SCells
-	a '0' value for a bit of the bitmap indicates an active DL BWP, provided by dormant-BWP, for the UE for each activated SCell in the corresponding group of configured SCells
-	a '1' value for a bit of the bitmap indicates an active DL BWP, provided by first-non-dormant-BWP-ID-for-DCI-inside-active-time, for the UE for each activated SCell in the corresponding group of configured SCells
If a UE is provided search space sets to monitor PDCCH for detection of DCI format 1_1, and if
-	resourceAllocation = resourceAllocationType0 and all bits of the frequency domain resource assignment field in DCI format 1_1 are equal to 0, or
-	resourceAllocation = resourceAllocationType1 and all bits of the frequency domain resource assignment field in DCI format 1_1 are equal to 1
the UE considers the DCI format 1_1 as indicating an active DL BWP provided by dormant-BWP or by first-non-dormant-BWP-ID-for-DCI-inside-active-time for each activated SCell and interprets the sequence of fields of, for transport block 1 
-	Modulation and coding scheme
-	New data indicator
-	Redundancy version
and of
-	HARQ process number
-	Antenna port(s)
-	DMRS sequence initialization
as providing a bitmap to each configured SCell, in an ascending order of the SCell index, where-	a '0' value for a bit of the bitmap indicates an active DL BWP, provided by dormant-BWP, for the UE for a corresponding activated SCell 
-	a '1' value for a bit of the bitmap indicates an active DL BWP, provided by first-non-dormant-BWP-ID-for-DCI-inside-active-time, for the UE for a corresponding activated SCell
If an active DL BWP provided by dormant-BWP for a UE on an activated SCell is not a default DL BWP for the UE on the activated SCell, as described in Clause 12, the BWP inactivity timer is not used for transitioning from the active DL BWP provided by dormant-BWP to the default DL BWP on the activated SCell.

------------------------------------------------------ Unchanged parts omitted ------------------------------------------------------
-------------------------------------------------------- End of Text Proposal --------------------------------------------------------

