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Introduction
In this contribution, the remaining issues of UE power saving are discussed.
PDCCH monitoring adaptation
PDCCH skipping for RACH procedure
	Agreement
Answer 2 for R1-2200884 (R2-2201960):
RAN1 would discuss and conclude how to capture the above RAN2 agreements in RAN1 specification.
It is RAN1 understanding PDCCH skipping is not applied to perform PDCCH monitoring during RAR window/MsgB window/contention resolution timer or when SR is pending.
FFS: If the UE is skipping PDCCH monitoring for a duration and at the first slot after the last OFDM symbol of a positive SR transmission in PUCCH, the UE stops PDCCH skipping(i.e., PDCCH skipping is not activated ).


According to the agreements provided in RAN1#108e meeting, PDCCH skipping for RACH procedure should be captured in TS38.213. However, RAN1 has not reached a consensus on text. The following two alternatives were discussed in RAN1#109e meeting.
	Alt 2: The skipping of PDCCH monitoring does not applied during the time of ra-ResponseWindow or msgB-ResponseWindow or the duration where ra-ContentionResolutionTimer is running.
[Editor Note: this Alternative assumes the skipping will be resumed ]
Alt 3: If a UE is skipping PDCCH monitoring for a duration, [and at the first slot] after the last OFDM symbol of a random access preamble transmission in a RACH occasion, the UE terminates PDCCH skipping.
[Editor Note: this Alternative assumes the skipping is terminated and described it in RAN1 spec perspective]


The Alt 2 is more aligned with the RAN1 agreements. According to TS38.213, the ra-ResponseWindow or msgB-ResponseWindow does not start at the first slot after the last OFDM symbol of a random access preamble transmission. Hence, Alt 3 is inconsistent with the agreements in RAN1 agreements. Therefore, Alt 2 should be adopted.
[bookmark: _Toc6413][bookmark: _Toc6585]Adopt the following text on PDCCH skipping for RACH procedure.
	<Unchanged parts are omitted>
When the PDCCH monitoring adaptation field indicates to a UE to skip PDCCH monitoring for a duration on the active DL BWP of a serving cell, the UE starts skipping of PDCCH monitoring at the beginning of a first slot that is after the last symbol of the PDCCH reception providing the DCI format with the PDCCH monitoring adaptation field. The skipping of PDCCH monitoring does not applied during the time of ra-ResponseWindow or msgB-ResponseWindow or the duration where ra-ContentionResolutionTimer is running. If the UE transmits a PUCCH providing a positive SR after the UE detects a DCI format providing the PDCCH monitoring adaptation field indicating to the UE to skip PDCCH monitoring for the duration on the active DL BWP of the serving cell, the UE resumes PDCCH monitoring starting at the beginning of a first slot that is after a last symbol of the PUCCH transmission.
<Unchanged parts are omitted>


PDCCH skipping behavior outside active time
In previous meeting, whether or not to apply PDCCH skipping only in active time and the UE behavior outside active time(if PDCCH skipping happened) were discussed, but no conclusions were reached.
	Agreement
Down-select from the followings,
Alt-1
The PDCCH skipping applies only in active time. The PDCCH skipping duration decrements by slot irrespective whether UE is in active time or not
Alt-2
The PDCCH skipping applies only in active time. PDCCH skipping is terminated when UE goes into outside active time.


It is clear that the common understanding to Alt-1 and Alt-2 is that the PDCCH skipping applies only in active time. Furthermore, DRX is performed in MAC layer, and the PDCCH skipping technique is performed in physical layer. It is preferred that these two procedures are operated without close dependency. Moreover, terminating the PDCCH skipping when UE enters outside active time may decrease the power saving gain since one PDCCH skipping indication cannot be valid across DRX cycle regardless of the indicated PDCCH skipping duration. Therefore, Alt 1 is preferred and no specification change is needed.
[bookmark: _Toc29856]The PDCCH skipping duration decrements by slot irrespective whether UE is in active time or not.

Receiving inconsistent indication during application delay
In RAN1#108e meeting, a working assumptions UE does not expect to receive an inconsistent indication during application delay was captured. And corresponding text in TS38.213 is shown as below.
	Working Assumption: 
When the UE receives DCI format 0_1 /1_1/0_2/1_2 with a ‘PDCCH monitoring adaptation indication' field in slot n, the UE does not expect to receive DCI format 0_1 /1_1/0_2/1_2 with a ‘PDCCH monitoring adaptation indication’ field indicating change to another SSSG or skipping for the same active BWP of the scheduling cell before slot n+X of the scheduling cell, where X is the value of the application delay.
If SSSG timer expires in slot n, the UE does not expect to receive DCI format 0_1 /1_1/0_2/1_2 with a ‘PDCCH monitoring adaptation indication’ field indicating change to another SSSG or skipping for the same active BWP of the scheduling cell before slot n+X of the scheduling cell, where X is the value of the application delay.

	TS 38.213 v17.2
10.4	Search space set group switching and skipping of PDCCH monitoring
...
When a UE receives
-	a first PDCCH in a first slot that provides a DCI format with a PDCCH monitoring adaptation field having a first value indicating skipping PDCCH monitoring, or indicating start of PDCCH monitoring according to a search space sets with a first group index and stop of PDCCH monitoring according to search space sets with a second group index, for an active DL BWP and 
-	a second PDCCH that provides a DCI format with a PDCCH monitoring adaptation field having a second value indicating skipping PDCCH monitoring, or indicating start of PDCCH monitoring according to search space sets with a first group index and stop of PDCCH monitoring according to search space sets with a second group index different than the first group index, for the active DL BWP where the second PDCCH is received
-	in the first slot if the first value indicates skipping PDCCH monitoring 
-	before a slot that is at least  symbols after the first slot if the first value indicates start of PDCCH monitoring according to search space sets with a first group index
the UE does not expect the second value to be different than the first value.



The purpose of the agreements is to prevent UE from receiving inconsistent indication during application delay. However, the case that UE receives one indication of “no skipping in PDCCH monitoring” and another indication of “skipping for a duration” in one slot, cannot be handled with current description. If UE receives a “no skipping in PDCCH monitoring” indication after a “skipping for a duration” indication and these two indications are received in a same slot, UE does not know how to perform PDCCH monitoring. Therefore, the UE behaviors of this case should be clarified. 
[bookmark: _Toc24119][bookmark: _Toc29814]The following text should be adopted.
	<Unchanged parts are omitted>
When a UE receives
-	a first PDCCH in a first slot that provides a DCI format with a PDCCH monitoring adaptation field having a first value indicating skipping PDCCH monitoring, or indicating start of PDCCH monitoring according to a search space sets with a first group index and stop of PDCCH monitoring according to search space sets with a second group index, for an active DL BWP and 
-	a second PDCCH that provides a DCI format with a PDCCH monitoring adaptation field having a second value indicating skipping PDCCH monitoring, or indicating no skipping in PDCCH monitoring, or indicating start of PDCCH monitoring according to search space sets with a first group index and stop of PDCCH monitoring according to search space sets with a second group index different than the first group index, for the active DL BWP where the second PDCCH is received
-	in the first slot if the first value indicates skipping PDCCH monitoring 
-	before a slot that is at least  symbols after the first slot if the first value indicates start of PDCCH monitoring according to search space sets with a first group index
the UE does not expect the second value to be different than the first value.
<Unchanged parts are omitted>



UE’s behavior for the configuration of Rel-17 PDCCH monitoring adaptation
In TS 38.213, the following paragraph was captured in the beginning of the section 10.4.
	TS 38.213
10.4	Search space set group switching and skipping of PDCCH monitoring
A UE can be provided a group index for a respective Type3-PDCCH CSS set or USS set by searchSpaceGroupIdList for PDCCH monitoring on a serving cell. If the UE is not provided searchSpaceGroupIdList for a search space set, the following procedures are not applicable for PDCCH monitoring according to the search space set.


According to the above paragraph, the procedures in section 10.4 are not applicable if searchSpaceGroupIdList is not configured. Since the Rel-17 SSSG switching and PDCCH skipping procedures are also captured in section 10.4, the procedures of Rel-17 PDCCH monitoring adaptation are not valid because of the above restrictions. To enable the Rel-17 PDCCH monitoring adaptation, the following proposal is proposed.
The following text should be adopted.
	TS 38.213
<Unchanged parts are omitted>
10.4	Search space set group switching and skipping of PDCCH monitoring
A UE can be provided a group index for a respective Type3-PDCCH CSS set or USS set by searchSpaceGroupIdList(i.e. searchSpaceGroupIdList-r16 or searchSpaceGroupIdList-r17) for PDCCH monitoring on a serving cell. And a UE can be provided a set of durations by PDCCHSkippingDurationList for PDCCH monitoring on a serving cell. If the UE is not provided searchSpaceGroupIdList for a search space set, and not provided PDCCHSkippingDurationList for PDCCH monitoring on a serving cell, the following procedures are not applicable for PDCCH monitoring according to the search space set.
<Unchanged parts are omitted>



PDCCH monitoring adaptation indication by cross-BWP DCI
[bookmark: _Toc18987]The cross-BWP DCI is a scheduling DCI indicating BWP switching. If PDCCH monitoring adaptation is indicated in a cross-BWP DCI, whether and when to apply the PDCCH monitoring adaptation in the new BWP should be discussed. Then the following alternatives are provided.
[bookmark: _Toc13795]Alt 1: UE applies the PDCCH monitoring adaptation after BWP switching.
[bookmark: _Toc19078]Alt 2: UE applies the PDCCH monitoring adaptation after the application delay.
[bookmark: _Toc1578][bookmark: _Toc14168]In TS 38.133, the BWP switching delay is defined from RF requirement perspective. Meanwhile, in TS 38.213, the BWP switching delay is defined from data transmission perspective. For example, if a UE detects a DCI format indicating an active BWP switching for a cell, the UE is not required to receive or transmit in the cell during a time duration from the end of the third symbol of a slot when the UE detects BWP switching until the beginning of a slot indicated by the slot offset value (i.e., K0/K2) in the DCI format. Therefore, the indicated PDCCH monitoring adaptation should be applied at least after BWP switching. And Alt 1 is preferred.
[bookmark: _Toc28421][bookmark: _Toc28704]The following text is proposed for PDCCH monitoring adaptation indication by cross-BWP DCI
	TS 38.213
<Unchanged parts are omitted>
When the PDCCH monitoring adaptation field in a DCI indicates to a UE to start PDCCH monitoring according to search space sets with a first group index and stop PDCCH monitoring according to search space sets with a second group index, or indicates to a UE to skip PDCCH monitoring for a duration, and if the DCI also indicates to change active BWP, the UE applies the indication after UE receives a PDSCH or transmits a PUSCH which is scheduled by the DCI.
If a UE is provided group indexes for a Type3-PDCCH CSS set or a USS set by searchSpaceGroupIdList-r17 and a timer value by searchSpaceSwitchTimer-r17 for PDCCH monitoring an active DL BWP of on a serving cell and the timer is running, the UE
-	resets the timer after a slot of the active DL BWP of the serving cell if the UE detects a DCI format in a PDCCH reception in the slot for with CRC scrambled by C-RNTI/CS-RNTI/MCS-C-RNTI
-	otherwise, decrements the timer value by one after a slot of the active DL BWP of the serving cell

<Unchanged parts are omitted>



PDCCH monitoring behavior adaptation due to BWP timer expiration
If UE is in a PDCCH skipping duration and a BWP switch occurs at the same time due to BWP inactivity timer expiration, the PDCCH monitoring behavior after BWP switch should be clarified. 
If only PDCCH skipping duration list is configured in default BWP, UE should monitor PDCCH after BWP switch for potential data transmission. For example, BWP inactivity timer may expire due to no packet arrival for a long time. And when BWP inactivity timer expires, UE switches to the default BWP. The default BWP can be used to re-align the understanding of active BWP between gNB and UE. Therefore, it is better to maintain PDCCH monitoring after the BWP switch.
[bookmark: _Toc18988][bookmark: _Toc9741]The following text is proposed for PDCCH monitoring adaptation due to BWP timer expiration
	TS 38.213
<Unchanged parts are omitted>
[bookmark: _Toc6538][bookmark: _Toc23061][bookmark: _Toc7677]When the PDCCH monitoring adaptation field indicates to a UE to skip PDCCH monitoring for a duration on the active DL BWP of a serving cell, the UE starts skipping of PDCCH monitoring at the beginning of a first slot that is after the last symbol of the PDCCH reception providing the DCI format with the PDCCH monitoring adaptation field. If the UE transmits a PUCCH providing a positive SR after the UE detects a DCI format providing the PDCCH monitoring adaptation field indicating to the UE to skip PDCCH monitoring for the duration on the active DL BWP of the serving cell, the UE resumes PDCCH monitoring starting at the beginning of a first slot that is after a last symbol of the PUCCH transmission. If BWP inactivity timer expires before a slot where the PDCCH skipping duration ends, UE resumes PDCCH monitoring in an active BWP after BWP switching, if PDCCHSkippingDurationList is configured and  searchSpaceGroupIdList is not configured in the BWP. 
<Unchanged parts are omitted>


Others
	TS 38.213
When the timer expires in a first slot, the UE monitors PDCCH on the serving cell according to search space sets with group index 0 starting in a second slot that
-	is not earlier than  symbols after the first slot when ,
-	is a first slot in a slot group of  slots that is not earlier than  symbols after the first slot when ,
-	is not earlier than a slot where a PDCCH skipping duration expires, if applicable


In TS 38.213, “skipping duration expires” is used. We think that the wording ‘expire’ is more  appropriate to describe a timer instead of a duration. Hence, the wording should be modified.
[bookmark: _Toc21707][bookmark: _Toc12536]The following text is proposed
	TS 38.213
<Unchanged parts are omitted>
When the timer expires in a first slot, the UE monitors PDCCH on the serving cell according to search space sets with group index 0 starting in a second slot that
-	is not earlier than  symbols after the first slot when ,
-	is a first slot in a slot group of  slots that is not earlier than  symbols after the first slot when ,
-	is not earlier than athe last slot of where a PDCCH skipping duration expires, if applicable
<Unchanged parts are omitted>


TRS for RRC idle/inactive state UE
Determination of symbol location
In TS38.211, the parameter l1 is used to determine the CSI-RS resource within a slot in the case that TDM is supported; an example is provided by the 13-th row as the Table 7.4.1.5.3-1 shown. And for TRS configured for RRC idle/inactive state UEs (i.e., i-TRS), the TDM-ed CSI-RS is not supported, which can be also seen in the 1-st row in the Table 7.4.1.5.3-1. Then in our understanding, the parameter l1 is not needed for i-TRS. However, according to the text in current TS 38.211 regarding to the time-domain locations determination, the parameter l1 is  considered. Hence, it should be correct to remove parameter l1 for i-TRS.
	TS38.211 h20
The time-domain locations  and  are provided by the higher-layer parameters firstOFDMSymbolInTimeDomain and firstOFDMSymbolInTimeDomain2, respectively, in the CSI-RS-ResourceMapping IE or the CSI-RS-ResourceConfigMobility IE and defined relative to the start of a slot. For NZP CSI-RS configured by TRS-ResourceSet IE, the time-domain locations  and  are provided by the higher-layer parameter firstOFDMSymbolInTimeDomain and firstOFDMSymbolInTimeDomain+4.

	TS38.211 h20

Table 7.4.1.5.3-1: CSI-RS locations within a slot.
	Row
	Ports[image: ]
	Density [image: ]
	cdm-Type
	[image: ]
	CDM group index [image: ]
	[image: ]
	[image: ]

	1
	1
	3
	noCDM
	, , 
	0,0,0
	0
	0

	......

	13
	24
	1, 0.5
	fd-CDM2
	, , , , , ,, , , , , 
	0,1,2,3,4,5,
6,7,8,9,10,11
	0, 1
	0






[bookmark: _Toc1299]The following text is proposed
	[bookmark: _Toc29823]The time-domain locations  and  are provided by the higher-layer parameters firstOFDMSymbolInTimeDomain and firstOFDMSymbolInTimeDomain2, respectively, in the CSI-RS-ResourceMapping IE or the CSI-RS-ResourceConfigMobility IE and defined relative to the start of a slot. For NZP CSI-RS configured by TRS-ResourceSet IE, the time-domain locations  and  are is provided by the higher-layer parameter firstOFDMSymbolInTimeDomain and firstOFDMSymbolInTimeDomain+4.



Determination of slot location
In TS38.211, the slot location of CSI-RS transmission is determined based on the following text. However, the slot location for i-TRS is not captured. Hence, it is suggested to update the text to include the determination of slot location for i-TRS. Moreover, it should also be clarified that the i-TRS is only valid in the validity period in clause 10.4B in TS38.213.
	TS 38.211
For a CSI-RS resource configured as periodic or semi-persistent by the higher-layer parameter resourceType or configured by the higher-layer parameter CSI-RS-CellMobility, the UE shall assume that the CSI-RS is transmitted in slots satisfying




where the periodicity  (in slots) and slot offset  are obtained from the higher-layer parameter CSI-ResourcePeriodicityAndOffset or slotConfig. The UE shall assume that CSI-RS is transmitted in a candidate slot as described in clause 11.1 of [5, TS 38.213]. 
The UE may assume that antenna ports within a CSI-RS resource are quasi co-located with QCL Type A, Type D (when applicable), and average gain.



[bookmark: _Toc4961]The following text is proposed
	For a CSI-RS resource configured as periodic or semi-persistent by the higher-layer parameter resourceType, or configured by the higher-layer parameter CSI-RS-CellMobility or configured by the higher-layer parameter TRS-ResourceSet-r17, the UE shall assume that the CSI-RS is transmitted in slots satisfying




where the periodicity  (in slots) and slot offset  are obtained from the higher-layer parameter CSI-ResourcePeriodicityAndOffset, or slotConfig or periodicityAndOffset-r17. The UE shall assume that CSI-RS is transmitted in a candidate slot as described in clause 11.1 of [5, TS 38.213], clause 10.4B of [5, TS 38.213] . 



Conclusion
In this contribution, we discuss the remaining issues of Rel-17 UE power saving and have the following proposals.

Proposal 1: Adopt the following text on PDCCH skipping for RACH procedure
	<Unchanged parts are omitted>
When the PDCCH monitoring adaptation field indicates to a UE to skip PDCCH monitoring for a duration on the active DL BWP of a serving cell, the UE starts skipping of PDCCH monitoring at the beginning of a first slot that is after the last symbol of the PDCCH reception providing the DCI format with the PDCCH monitoring adaptation field. The skipping of PDCCH monitoring does not applied during the time of ra-ResponseWindow or msgB-ResponseWindow or the duration where ra-ContentionResolutionTimer is running. If the UE transmits a PUCCH providing a positive SR after the UE detects a DCI format providing the PDCCH monitoring adaptation field indicating to the UE to skip PDCCH monitoring for the duration on the active DL BWP of the serving cell, the UE resumes PDCCH monitoring starting at the beginning of a first slot that is after a last symbol of the PUCCH transmission.
<Unchanged parts are omitted>



Proposal 2: The PDCCH skipping duration decrements by slot irrespective whether UE is in active time or not.
Proposal 3: The following text should be adopted.
	[bookmark: _GoBack]<Unchanged parts are omitted>
When a UE receives
-	a first PDCCH in a first slot that provides a DCI format with a PDCCH monitoring adaptation field having a first value indicating skipping PDCCH monitoring, or indicating start of PDCCH monitoring according to a search space sets with a first group index and stop of PDCCH monitoring according to search space sets with a second group index, for an active DL BWP and 
-	a second PDCCH that provides a DCI format with a PDCCH monitoring adaptation field having a second value indicating skipping PDCCH monitoring, or indicating no skipping in PDCCH monitoring, or indicating start of PDCCH monitoring according to search space sets with a first group index and stop of PDCCH monitoring according to search space sets with a second group index different than the first group index, for the active DL BWP where the second PDCCH is received
-	in the first slot if the first value indicates skipping PDCCH monitoring 
-	before a slot that is at least  symbols after the first slot if the first value indicates start of PDCCH monitoring according to search space sets with a first group index
the UE does not expect the second value to be different than the first value.
<Unchanged parts are omitted>



Proposal 4: The following text should be adopted.
	TS 38.213
<Unchanged parts are omitted>
10.4	Search space set group switching and skipping of PDCCH monitoring
A UE can be provided a group index for a respective Type3-PDCCH CSS set or USS set by searchSpaceGroupIdList(i.e. searchSpaceGroupIdList-r16 or searchSpaceGroupIdList-r17) for PDCCH monitoring on a serving cell. And a UE can be provided a set of durations by PDCCHSkippingDurationList for PDCCH monitoring on a serving cell. If the UE is not provided searchSpaceGroupIdList for a search space set, and not provided PDCCHSkippingDurationList for PDCCH monitoring on a serving cell, the following procedures are not applicable for PDCCH monitoring according to the search space set.
<Unchanged parts are omitted>



Proposal 5: The following text is proposed for PDCCH monitoring adaptation indication by cross-BWP DCI
	TS 38.213
<Unchanged parts are omitted>
When the PDCCH monitoring adaptation field in a DCI indicates to a UE to start PDCCH monitoring according to search space sets with a first group index and stop PDCCH monitoring according to search space sets with a second group index, or indicates to a UE to skip PDCCH monitoring for a duration, and if the DCI also indicates to change active BWP, the UE applies the indication after UE receives a PDSCH or transmits a PUSCH which is scheduled by the DCI.
If a UE is provided group indexes for a Type3-PDCCH CSS set or a USS set by searchSpaceGroupIdList-r17 and a timer value by searchSpaceSwitchTimer-r17 for PDCCH monitoring an active DL BWP of on a serving cell and the timer is running, the UE
-	resets the timer after a slot of the active DL BWP of the serving cell if the UE detects a DCI format in a PDCCH reception in the slot for with CRC scrambled by C-RNTI/CS-RNTI/MCS-C-RNTI
-	otherwise, decrements the timer value by one after a slot of the active DL BWP of the serving cell

<Unchanged parts are omitted>



Proposal 6: The following text is proposed for PDCCH monitoring adaptation due to BWP timer expiration
	TS 38.213
<Unchanged parts are omitted>
When the PDCCH monitoring adaptation field indicates to a UE to skip PDCCH monitoring for a duration on the active DL BWP of a serving cell, the UE starts skipping of PDCCH monitoring at the beginning of a first slot that is after the last symbol of the PDCCH reception providing the DCI format with the PDCCH monitoring adaptation field. If the UE transmits a PUCCH providing a positive SR after the UE detects a DCI format providing the PDCCH monitoring adaptation field indicating to the UE to skip PDCCH monitoring for the duration on the active DL BWP of the serving cell, the UE resumes PDCCH monitoring starting at the beginning of a first slot that is after a last symbol of the PUCCH transmission. If BWP inactivity timer expires before a slot where the PDCCH skipping duration ends, UE resumes PDCCH monitoring in an active BWP after BWP switching, if PDCCHSkippingDurationList is configured and  searchSpaceGroupIdList is not configured in the BWP. 
<Unchanged parts are omitted>



Proposal 7: The following text is proposed
	TS 38.213
<Unchanged parts are omitted>
When the timer expires in a first slot, the UE monitors PDCCH on the serving cell according to search space sets with group index 0 starting in a second slot that
-	is not earlier than  symbols after the first slot when ,
-	is a first slot in a slot group of  slots that is not earlier than  symbols after the first slot when ,
-	is not earlier than athe last slot of where a PDCCH skipping duration expires, if applicable
<Unchanged parts are omitted>



Proposal 8: The following text is proposed
	The time-domain locations  and  are provided by the higher-layer parameters firstOFDMSymbolInTimeDomain and firstOFDMSymbolInTimeDomain2, respectively, in the CSI-RS-ResourceMapping IE or the CSI-RS-ResourceConfigMobility IE and defined relative to the start of a slot. For NZP CSI-RS configured by TRS-ResourceSet IE, the time-domain locations  and  are is provided by the higher-layer parameter firstOFDMSymbolInTimeDomain and firstOFDMSymbolInTimeDomain+4.



Proposal 9: The following text is proposed

	For a CSI-RS resource configured as periodic or semi-persistent by the higher-layer parameter resourceType, or configured by the higher-layer parameter CSI-RS-CellMobility or configured by the higher-layer parameter TRS-ResourceSet-r17, the UE shall assume that the CSI-RS is transmitted in slots satisfying




where the periodicity  (in slots) and slot offset  are obtained from the higher-layer parameter CSI-ResourcePeriodicityAndOffset, or slotConfig or periodicityAndOffset-r17. The UE shall assume that CSI-RS is transmitted in a candidate slot as described in clause 11.1 of [5, TS 38.213], clause 10.4B of [5, TS 38.213] . 



References
TS 38.213 h20
TS 38.211 h20
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