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Introduction
This contribution discusses the remaining details in the design of the PDCCH-based power saving signal/channel outside Active Time, and the corresponding TPs are also provided.
 
[bookmark: _Ref16851749]Remaining issues on PDCCH based Power Saving Signal/Channel

Configuration of minimum time gap 

The minimum time gap values were agreed in RAN1#100bis-e to be decoupled with SCell dormancy indication. The minimum time gap is no more than 3ms for all SCSs. 
	Proposal 1: 
· The value of minimum time gap is decoupled with SCell dormancy indication.  
· Working assumption: Two values of minimum time gap in terms of slots per SCS are specified based on the assumption that PDCCH carrying DCI format 2_6 can be at any symbol of the slot indicated by monitoringSymbolsWithinSlot of SearchSpace IE as follows,
                                                                                     
	SCS (kHz)
	Minimum Time Gap TminimumTimeGap(slots)

	
	Value 1
	Value 2

	15
	1
	3

	30
	1
	6

	60
	1
	12

	120
	2
	24






For the value 1 of minimum time gap, it depends on UE processing capability for the general hardware configuration in preparation of PDCCH monitoring and associated procedure after UE wakeup, i.e. CSI measurements and report. According to the specification of Search Space in TS 38.213, the monitoringSymbolsWithinSlot in the SearchSpace IE allows gNB to transmit the PDCCH carrying DCI format 2_6 at any symbol of the slot indicated by the SearchSpace IE. If monitoringSymbolsWithinSlot in SearchSpace IE is configured in the first 3 symbols of the slot and the other procedures before DRX ON are processing in left symbols of the slot, “0” slot minimum time gap could be supported. However, if the PDCCH could be at the last few symbols of the slot before DRX ON, the minimum time gap value “0” slot would be very aggressive in demanding the UE processing capability. Thus, the value 1 of minimum time gap would be at least 1 slot for all cases and can be set as 1 slot for 15kHz, 30kHz, 60kHz and 2 slot for 120kHz.
The value 2 of minimum time gap is the upper bound of preparation processing time before DRX ON, which would neither be related to the dormancy/non-dormancy transition or the SCSs. Based on the agreements in RAN1#100, the upper bound of minimum time gap, i.e. 3 ms, could be considered for all SCSs, i.e. 3 slots for 15kHz, 6 slots for 30kHz, 12 slots for 60kHz and 24 slots for 120kHz.

Proposal 1: The working assumption is confirmed. Two values of minimum time gap in terms of slots per SCS are specified based on the assumption that PDCCH carrying DCI format 2_6 can be at any symbol of the slot indicated by monitoringSymbolsWithinSlot of SearchSpace IE as follows,
                                                                                     
	SCS (kHz)
	Minimum Time Gap TminimumTimeGap(slots)

	
	Value 1
	Value 2

	15
	1
	3

	30
	1
	6

	60
	1
	12

	120
	2
	24



DCI format 2_6 collides with RAR addressed to C-RNTI (e.g. during BFR)
According to the LS from RAN2 [2], RAN2 would like to ask RAN1 how to resolve the collision between Power saving signal/channel and the RAR addressed to C-RNTI with different quasi-collocated property during BFR.
	1. Collision between DCP and RAR addressed to C-RNTI
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]RAN2 has discussed UE behavior when a DCP monitoring occasion overlaps with the ra-ResponseWindow or msgB-ResponseWindow. RAN2 understanding is that according to current TS 38.213 prioritization rules, if DCP collides with RAR addressed to C-RNTI (e.g. during BFR) and the search spaces are not quasi-collocated, DCP will be prioritized as it is type-3 CSS and thus impacting legacy RAR behavior. 
RAN2 would like to ask RAN1 the following:
· To confirm RAN2 understanding that if DCP and RAR search spaces are not quasi-collocated, a collision between DCP and RAR addressed to C-RNTI will impact legacy RAR handling. 
· From RAN2 point of view, the understanding is that RAR addressed all RNTIs should be prioritized over DCP by the UE.
· RAN2 would like to ask if RAN1 has any concerns with the understanding above? If RAN1 doesn’t have any concerns, what is RAN1 preference on where to capture this behavior e.g. TS 38.213 or in TS 38.321 via a DCP monitoring exception rule similar to overlap with DRX Active time?



When UE monitors the DCI format 2_6 outside DRX active time, there are opportunities colliding with the RAR (Random Access Response) window, which includes ra-ResponseWindow or msgB-ResponseWindow. As the description of Random Access (RA) procedure initiated for beam failure recovery in TS 38.321, the contention-free PRACH procedure can be initiated on the SpCell using the Random Access Preamble when the beam failure is detected. Subsequently, the ra-ResponseWindow or msgB-ResponseWindow would be started for monitoring RARs in the 4-step RA or 2-step RA, which is not effected by the DRX operation. During the RAR windows, UE continues monitoring the PDCCH with the CRC scrambled by C-RNTI or MCS-C-RNTI in a search space set provided by recoverySearchSpaceId until the UE receives a MAC CE activation command for a TCI state. The monitoring occasions of the DCI format 2_6 candidates would overlap with that of PDCCH candidates indicated by recoverySearchSpaceId. If the CORESET associated with recoverySearchSpaceId has the different QCL-TypeD properties as that of DCI format 2_6, UE monitors the PDCCH based on the certain priority. Since RAR indicated by DCI format 1_0 is in USS and DCP is in Type-3 CSS, UE would prioritize DCP in Type 3 CSS over that of DCI for RAR. UE might drop the RAR. This could have the effect of link failure due to unsuccessful beam recover procedure or resource request. 
The event-triggered PRACH transmission outside Active Time includes the procedure of out-of-sync recovery, beam failure recovery, radio link recovery and uplink scheduling request due to lack of SR resource. All PRACH triggered-events outside Active Time are critical in maintaining the quality of Uu link in both DL and UL. Thus, PDCCH monitoring for PDSCH with RAR message should have higher priority than any other event of PDCCH monitoring, including receiving wakeup indication from DCI format 2_6. Thus, RAN1 should change the specification to prioritize the PDCCH monitoring indicating RAR over DCI format 2_6. RAR indicated by PDCCH with CRC scrambled by C-RNTI or MCS-C-RNTI should be prioritized over DCP by the UE outside Active Time, especially when they have different QCL-TypeD properties.
Proposal 2: RAR indicated by PDCCH with CRC scrambled by C-RNTI or MCS-C-RNTI should be prioritized over DCP by the UE outside Active Time, especially when they have different QCL-TypeD properties.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]If the above proposals are accepted, the related TPs are provided as follows.
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]-----------------------------------------------------Start of TP of 38.213----------------------------------------------------------
10.1	UE procedure for determining physical downlink control channel assignment 
*** Unchanged text is omitted ***
If a UE 
-	is configured for single cell operation or for operation with carrier aggregation in a same frequency band, and
-	monitors PDCCH candidates in overlapping PDCCH monitoring occasions in multiple CORESETs that have same or different QCL-TypeD properties on active DL BWP(s) of one or more cells
the UE monitors PDCCHs only in a CORESET, and in any other CORESET from the multiple CORESETs having same QCL-TypeD properties as the CORESET, on the active DL BWP of a cell from the one or more cells
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]-	the CORESET corresponds to the CSS set with the lowest index and CRC not scrambled by PS-RNTI in the cell with the lowest index containing CSS, if any; otherwise, to the USS set with the lowest index in the cell with lowest index 
-	the CORESET corresponds to the USS set provided by recoverySearchSpaceId with priority over the Type3-PDCCH CSS set for DCI format with CRC scrambled by PS-RNTI
-	the lowest USS set index is determined over all USS sets with at least one PDCCH candidate in overlapping PDCCH monitoring occasions
-	for the purpose of determining the CORESET, a SS/PBCH block is considered to have different QCL-TypeD properties than a CSI-RS 
-	for the purpose of determining the CORESET, a first CSI-RS associated with a SS/PBCH block in a first cell and a second CSI-RS in a second cell that is also associated with the SS/PBCH block are assumed to have same QCL-TypeD properties 
-	the allocation of non-overlapping CCEs and of PDCCH candidates for PDCCH monitoring is according to all search space sets associated with the multiple CORESETs on the active DL BWP(s) of the one or more cells 
 -	the number of active TCI states is determined from the multiple CORESETs 
*** Unchanged text is omitted ***

10.3	PDCCH monitoring indication and dormancy/non-dormancy behaviour for SCells 
*** Unchanged text is omitted ***
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, 11.1, 12, in Clause 5.7, 5.1.4 and 5.1.4a of [14, TS 38.321] for all corresponding PDCCH monitoring occasions outside Active Time prior to a next long DRX cycle, or 
-	does not have any PDCCH monitoring occasions for detection of DCI format 2_6 outside Active Time of a next long DRX cycle
[bookmark: _Hlk39666961]the physical layer of the UE reports a value of 1 for the Wake-up indication bit to higher layers for the next long DRX cycle.
*** Unchanged text is omitted ***
-----------------------------------------------------End of TP of 38.213---------------------------------------------------------------

[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Wake-up indication 

In RAN1#100bis-e, TP was agreed to align RAN1 specification with RAN2 on the detection of DCI format 2_6 and reports the detected value to higher layers for the decision of start or not the drx-OnDurationTimer. The UE behavior of “UE starts the drx-OnDurationTimer” has been removed from TS38.213 in [3]. However, the association of Wake-up indication bit value detected from DCI format 2_6 and L1 reporting to higher layer is not clear since the subsequent action of starting or not the drx-OnDurationTimer is in higher layer [11, TS38.321]. Thus, the detected value of the Wake-up indication bit from DCI format 2_6 needs to be defined clearly to have ‘1’ associated with Wake-up indication and ‘0’ associated with no-Wake-up indication.
Proposal 3: The detected value of the Wake-up indication bit from DCI format 2_6 needs to be defined clearly to have ‘1’ associated with Wake-up indication and ‘0’ associated with no-Wake-up indication.
The related TP is as follows,
-----------------------------------------------------Start of TP of 38.213----------------------------------------------------------

[bookmark: _Toc29894868][bookmark: _Toc29899167][bookmark: _Toc29899585][bookmark: _Toc29917314][bookmark: _Toc36498188]10.3	PDCCH monitoring indication and dormancy/non-dormancy behaviour for SCells

A UE configured with DRX mode operation [11, TS 38.321] can be provided the following for detection of a DCI format 2_6 in a PDCCH reception 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 indication bit is '0', and
· a value ‘0’ of Wake-up indication bit is the no-Wake-up indication
· a value ‘1’ of Wake-up indication bit is the Wake-up indication 
-	the UE starts the drx-onDurationTimer for the next long DRX cycle when a value of the Wake-up indication bit is '1'
*** Unchanged text is omitted ***

[bookmark: _Hlk39518746]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 detects DCI format 2_6, the physical layer of a UE reports the value of the Wake-up indication bit for the UE to higher layers [14, TS 38.321] for the next long 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 SpCell and the UE does not detect DCI format 2_6,-	if the UE is provided ps-WakeupOrNot, the physical layer of the UE does not report a value of the Wake-up indication bit UE is indicated by ps-WakeupOrNot whether the UE may not start or whether the UE shall start the drx-onDurationTimerto higher layers for the next long 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
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, 11.1, 12, and in Clause 5.7 of [14, TS 38.321] for all corresponding PDCCH monitoring occasions outside Active Time prior to a next long DRX cycle, or 
-	does not have any PDCCH monitoring occasions for detection of DCI format 2_6 outside Active Time of a next long DRX cycle
the physical layer of the UE shall reports a value of “1” for the Wake-up indication bit to higher layers start the drx-onDurationTimer for the next long DRX cycle.
-----------------------------------------------------End of TP of 38.213---------------------------------------------------------------

DCI size alignment

[bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: _GoBack]Since the DCI format 2_6 with CRC scrambled by PS-RNTI is monitored only outside active time, it should not to be accounted in the alignment process of the other DCI sizes inside active time. Otherwise, for the case that the DCI with the CRC scrambled by C-RNTI for RAR is triggered in the same time as that of DCI format 2_6, the total number of DCI size budget would be over the DCI size budge, i.e. the total number of DCI sizes outside Active Time is more than 4. Furthermore, the DCI format 2_6 should not be size aligned with other DCI formats. UE will decode DCI format 2_6 based on the configured size, which could be depending on the different umber of UEs and their associated SCell dormancy configuration. The current specification would force DCI format 2_6 to align with other DCI format size. Thus, the DCI format 2_6 is not counted in the DCI size budget.
Proposal 4: DCI format 2_6 is not counted in the DCI size alignment.
Following TP is proposed for DCI size alignment.
-----------------------------------------------------Start of TP of 38.212------------------------------------------------------------------
7.3.1.0	DCI size alignment

*** Unchanged text is omitted ***
Step 3:

- If both of the following conditions are fulfilled the size alignment procedure is complete
-    the total number of different DCI sizes configured to monitor, excluding the size of DCI format 2-6, if configured, is no more than 4 for the cell 
-    the total number of different DCI sizes with C-RNTI configured to monitor is no more than 3 for the cell

*** Unchanged text is omitted ***

-----------------------------------------------------End of TP of 38.212-----------------------------------------------------------------

Conclusion 
In this contribution, remaining details in the design of the PDCCH-based power saving signal/channel are discussed.  We have the following proposals, 
Proposal 1: The working assumption is confirmed. Two values of minimum time gap in terms of slots per SCS are specified based on the assumption that PDCCH carrying DCI format 2_6 can be at any symbol of the slot indicated by monitoringSymbolsWithinSlot of SearchSpace IE as follows,
                                                                                     
	SCS (kHz)
	Minimum Time Gap TminimumTimeGap(slots)

	
	Value 1
	Value 2

	15
	1
	3

	30
	1
	6

	60
	1
	12

	120
	2
	24



Proposal 2: RAR indicated by PDCCH with CRC scrambled by C-RNTI or MCS-C-RNTI should be prioritized over DCP by the UE outside Active Time, especially when they have different QCL-TypeD properties.
If the above proposals are accepted, the related TPs are provided as follows.
-----------------------------------------------------Start of TP of 38.213----------------------------------------------------------
10.1	UE procedure for determining physical downlink control channel assignment 
*** Unchanged text is omitted ***
If a UE 
-	is configured for single cell operation or for operation with carrier aggregation in a same frequency band, and
-	monitors PDCCH candidates in overlapping PDCCH monitoring occasions in multiple CORESETs that have same or different QCL-TypeD properties on active DL BWP(s) of one or more cells
the UE monitors PDCCHs only in a CORESET, and in any other CORESET from the multiple CORESETs having same QCL-TypeD properties as the CORESET, on the active DL BWP of a cell from the one or more cells
-	the CORESET corresponds to the CSS set with the lowest index and CRC not scrambled by PS-RNTI in the cell with the lowest index containing CSS, if any; otherwise, to the USS set with the lowest index in the cell with lowest index 
-	the CORESET corresponds to the USS set provided by recoverySearchSpaceId with priority over the Type3-PDCCH CSS set for DCI format with CRC scrambled by PS-RNTI
-	the lowest USS set index is determined over all USS sets with at least one PDCCH candidate in overlapping PDCCH monitoring occasions
-	for the purpose of determining the CORESET, a SS/PBCH block is considered to have different QCL-TypeD properties than a CSI-RS 
-	for the purpose of determining the CORESET, a first CSI-RS associated with a SS/PBCH block in a first cell and a second CSI-RS in a second cell that is also associated with the SS/PBCH block are assumed to have same QCL-TypeD properties 
-	the allocation of non-overlapping CCEs and of PDCCH candidates for PDCCH monitoring is according to all search space sets associated with the multiple CORESETs on the active DL BWP(s) of the one or more cells 
 -	the number of active TCI states is determined from the multiple CORESETs 
*** Unchanged text is omitted ***

10.3	PDCCH monitoring indication and dormancy/non-dormancy behaviour for SCells 
*** Unchanged text is omitted ***
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, 11.1, 12, in Clause 5.7, 5.1.4 and 5.1.4a of [14, TS 38.321] for all corresponding PDCCH monitoring occasions outside Active Time prior to a next long DRX cycle, or 
-	does not have any PDCCH monitoring occasions for detection of DCI format 2_6 outside Active Time of a next long DRX cycle
the physical layer of the UE reports a value of 1 for the Wake-up indication bit to higher layers for the next long DRX cycle.
*** Unchanged text is omitted ***
-----------------------------------------------------End of TP of 38.213---------------------------------------------------------------

Proposal 3: The detected value of the Wake-up indication bit from DCI format 2_6 needs to be defined clearly to have ‘1’ associated with Wake-up indication and ‘0’ associated with no-Wake-up indication.
The related TP is as follows,
-----------------------------------------------------Start of TP of 38.213----------------------------------------------------------

10.3	PDCCH monitoring indication and dormancy/non-dormancy behaviour for SCells

A UE configured with DRX mode operation [11, TS 38.321] can be provided the following for detection of a DCI format 2_6 in a PDCCH reception 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 indication bit is '0', anda value ‘0’ of Wake-up indication bit is the no-Wake-up indication
· a value ‘1’ of Wake-up indication bit is the Wake-up indication 
-	the UE starts the drx-onDurationTimer for the next long DRX cycle when a value of the Wake-up indication bit is '1'
*** Unchanged text is omitted ***

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 detects DCI format 2_6, the physical layer of a UE reports the value of the Wake-up indication bit for the UE to higher layers [14, TS 38.321] for the next long 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 SpCell and the UE does not detect DCI format 2_6,-	if the UE is provided ps-WakeupOrNot, the physical layer of the UE does not report a value of the Wake-up indication bit UE is indicated by ps-WakeupOrNot whether the UE may not start or whether the UE shall start the drx-onDurationTimerto higher layers for the next long 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
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, 11.1, 12, and in Clause 5.7 of [14, TS 38.321] for all corresponding PDCCH monitoring occasions outside Active Time prior to a next long DRX cycle, or 
-	does not have any PDCCH monitoring occasions for detection of DCI format 2_6 outside Active Time of a next long DRX cycle
the physical layer of the UE shall reports a value of “1” for the Wake-up indication bit to higher layers start the drx-onDurationTimer for the next long DRX cycle.
-----------------------------------------------------End of TP of 38.213---------------------------------------------------------------

Proposal 4: DCI format 2_6 is not counted in the DCI size alignment.
Following TP is proposed for DCI size alignment.
-----------------------------------------------------Start of TP of 38.212------------------------------------------------------------------
7.3.1.0	DCI size alignment

*** Unchanged text is omitted ***
Step 3:

- If both of the following conditions are fulfilled the size alignment procedure is complete
-    the total number of different DCI sizes configured to monitor , excluding the size of DCI format 2-6, if configured, is no more than 4 for the cell 
-    the total number of different DCI sizes with C-RNTI configured to monitor is no more than 3 for the cell

*** Unchanged text is omitted ***
-----------------------------------------------------End of TP of 38.212-----------------------------------------------------------------
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