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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: OLE_LINK13]After RAN1#99 meeting, the core part of UE power saving for NR is completed and the finalized Rel-16 specification is endorsed in the RAN#86. In this contribution, some corrections and remaining issues on PDCCH based power saving are discussed. Corresponding TPs are proposed accordingly.
[bookmark: _Ref129681832]Corrections on PDCCH based power saving 
Correction #1: Align the name of the ‘Wake-up indication bit’
As captured in TS 38.212 [1], ‘Wake-up indication’ bit is introduced in DCI format 2_6 for a UE to indicate whether the ON duration timer or not. 
The related UE behavior is specified in TS 38.213[2] as following when the Wake-up indication bit is configured for the UE. It can be found that TS 38.213 uses the terminology of ‘Wake-up indication bit’ as a result of email discussion. However, there are still some description using the old terminology of "PDCCH monitoring" bit, which may cause confusion. It is proposed to correct the 'PDCCH monitoring bit' to 'wake-up indication bit'. A corresponding TP1, is proposed. 
	[bookmark: _Toc29326620][bookmark: _Toc29327770]TS 38.212
7.3.1.3.7	Format 2_6
DCI format 2_6 is used for notifying the power saving information outside DRX Active Time for one or more UEs. 
The following information is transmitted by means of the DCI format 2_6 with CRC scrambled by PS-RNTI:
-	block number 1, block number 2,…, block number N
	where the starting position of a block is determined by the parameter PSPositionDCI2-6 provided by higher layers for the UE configured with the block. 
If the UE is configured with higher layer parameter PS-RNTI and dci-Format2-6, one block is configured for the UE by higher layers, with the following fields defined for the block:
-	Wake-up indication - 1 bit
-	SCell dormancy indication – 0 bit if higher layer parameter Scell-groups-for-dormancy-outside-active-time is not configured; otherwise 1, 2, 3, 4 or 5 bits bitmap determined according to higher layer parameter Scell-groups-for-dormancy-outside-active-time, where each bit corresponds to one of the SCell group(s) configured by higher layers parameter Scell-groups-for-dormancy-outside-active-time, with MSB to LSB of the bitmap corresponding to the first to last configured SCell group.
The size of DCI format 2_6 is indicated by the higher layer parameter SizeDCI_2-6, according to Clause 11.5 of [5, TS 38.213].
TS 38.213 g00:
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]
-------------------------------------------- skipped text part ------------------------------------------
-	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'
-	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 '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


Proposal 1: Adopt TP1 to align the name of ‘Wake-up indication’ bit in TS 38213 with the description of DCI format 2_6 in TS 38.212.
------------------------------------------ Start of Text Proposal 1 --------------------------------------------
< Unchanged parts are 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 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 monitoringWake-up indication' 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
-	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
< Unchanged parts are omitted >
-------------------------------------------- End of Text Proposal ---------------------------------------------

Correction #2: Correction on the interpretation of SCell dormancy indication
In RAN1 #99, the following agreement was made regarding the adaptation of dormancy behavior. 
	Agreements in RAN1#99:
· At least for case of dormancy indication within active time
· If ‘0’ is indicated by DCI field
· If ‘UE is in non-dormant BWP, UE switches to dormant BWP
· If ‘UE is in dormant BWP, UE continues with dormant BWP 
· If ‘1’ is indicated by DCI field
· If ‘UE is in non-dormant BWP, UE continues with the same non-dormant BWP
· If UE is in dormant BWP, switch to a specific non-dormant BWP explicitly configured by RRC
Agreements
For dormancy indication outside active time, for interpreting ‘0’, ‘1’ in the SCell dormancy indication field,
· reuse same approach as that of inside active time


It can be observed that if a UE is in a non-dormant BWP, the UE will stay on the same non-dormant BWP even if the UE is indicated by ‘1’ for the bit corresponding to a Scell group in the SCell dormancy indication bitmap. It should be noticed that the non-dormant BWP may not be always the same as the BWP provided by first-non-dormant-BWP-ID-for-DCI-outside-active-time. However, the current description in TS 38.213 as following implies that the UE shall always switch to the BWP configured by first-non-dormant-BWP-ID-for-DCI-outside-active-time. This is not aligned with the agreement. 
Furthermore, the current description regarding the interpretation of the bitmap for dormancy indication is not complete. It is only mentioned in current specification that ‘an active DL BWP’ is indicated, however there is no description on how the indicated ‘an active DL BWP’ is used. Some additional changes are made to give clear description on how the indicated DL BWP is used, which reuses similar description on BWP switching in the specification. 
	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
-------------------------------------------- skipped text part ------------------------------------------
-	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 '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


Based on the above two reasons, it is proposed to adopt TP2 in this contribution.
Proposal 2: To align with the agreements in RAN1#99, adopt TP2 to correct the interpretation of ‘SCell dormancy indication’ bitmap in TS 38.213.
------------------------------------------ Start of Text Proposal 2 --------------------------------------------
< Unchanged parts are 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 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'
-	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 '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 the UE set the active DL BWP to anthe active DL BWP, provided by dormant-BWP, for the UE [11, TS38.321] for each activated SCell in the corresponding group of configured SCells
-	for each activated SCell in the corresponding group of configured Scells, a '1' value for a bit of the bitmap indicates the UE set the active DL BWP as the 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 Scellsif the active DL BWP prior to the indication is the same as the BWP provided by dormant-BWP; otherwise, indicates the UE stay on the same active BWP prior to the indication for the activated SCell;
< Unchanged parts are omitted >
-------------------------------------------- End of Text Proposal 2--------------------------------------------
[bookmark: OLE_LINK32][bookmark: OLE_LINK20][bookmark: _Ref29301707]Remaining issues for CSI measurement when DCI format 2_6 is configured
[bookmark: _Hlk31720098][bookmark: OLE_LINK1]In Rel-16, the DCI format 2_6 which carries the wake-up indication has been specified to reduce UE’s PDCCH monitoring. On the one hand, compared to Rel-15, DCI format 2_6 may reduce UE’s active time since UE may not start the drx-onDurationTimer for each DRX cycle based on the detection of DCI format 2_6. On the other hand, in Rel-15, the background activities that are used to maintain good link qualities, such as CSI/L1-RSRP reporting, are only allowed to be performed during active time. Considering the scenario where the ‘wake-up indication’ bit does not trigger the drx-onDurationTimer for several consecutive DRX cycles, UE shall stay outside active time for a long time. In this scenario, if UE does not report any CSI/L1-RSRP outside active time, the reliability of DCI format 2_6 cannot be guaranteed. Besides, once UE wakes up from a long time of sleep, the PDSCH performance at the beginning may be degraded due to the lack of latest CSI at the gNB. To solve this problem, Rel-16 has agreed that it can be configured by the network to allow the periodic CSI and/or periodic L1-RSRP even when UE is outside active time during the On Duration. 
	Agreements in RAN1#99:
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


Observation 1. Rel-16 has agreed that the periodic CSI and/or periodic L1-RSRP can be configured to be reported outside active time in order to guarantee the performances of DCI format 2_6 and PDSCH.
It is clear that the agreement in RAN1#99 is to allow UE report more accurate CSI information to the network to guarantee the performance of scheduled PDCCH and PDSCH for the UE. However, in TS 38.214, there is description that the most recent CSI measurement occasion occurs in DRX active time for CSI to be reported. 
	38.214 [3]
5.1.6.1 CSI-RS reception procedure:
If the UE is configured with DRX, the most recent CSI measurement occasion occurs in DRX active time for CSI to be reported.
5.2.2.5 CSI reference resource definition:
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.


Therefore, even if a UE is configured to report the periodic CSI/L1-RSRP regardless whether drx-onDurationTimer is triggered by the corresponding ‘Wake-up indication bit’ in DCI format 2_6, the CSI/L1-RSRP reported in the ON duration is still based on the measurement occasion in the last active time, which would be much earlier than the reporting occasion. For cases of sporadic traffics where the DCI format 2_6 has significant benefit, the CSI/L1-RSRP reporting occasion and the corresponding CSI/L1-RSRP measurement occasion may be separated by several consecutive DRX cycles. The reported CSI/L1-RSRP based on a measurement occasion long before would be out-of-date. This violates the intention of the agreements made in RAN1#99. 
Observation 2. Without the change in RAN1 specification in TS 38.214, the intention of the agreement in RAN1#99 regarding the configurability to allow CSI/L1-RSRP reporting in the ON duration outside active time cannot be achieved.
To make the periodic CSI/L1-RSRP reporting outside active time to be truly useful, it is proposed to allow the corresponding CSI/L1-RSRP measurement occasion to occur in the duration corresponding to the ON duration outside active time. 
[bookmark: _GoBack]Proposal 3. To make the agreement for periodic CSI/L1-RSRP reporting outside active time workable, adopt TP3 in TS 38.214 to allow the corresponding CSI/L1-RSRP measurement occasion occur during the time duration indicated by drx-onDurationTimer outside active time.
------------------------------------------ Start of Text Proposal 3 --------------------------------------------
< Unchanged parts are omitted >
[bookmark: OLE_LINK9]5.1.6.1	CSI-RS reception procedure
A UE configured with DRX mode operation [11, TS 38.321] on the PCell or on the SpCell [12, TS 38.331]
The CSI-RS defined in Clause 7.4.1.5 of [4, TS 38.211], may be used for time/frequency tracking, CSI computation, L1-RSRP computation and mobility.
For a CSI-RS resource associated with a NZP-CSI-RS-ResourceSet with the higher layer parameter repetition set to 'on', the UE shall not expect to be configured with CSI-RS over the symbols during which the UE is also configured to monitor the CORESET, while for other NZP-CSI-RS-ResourceSet configurations, if the UE is configured with a CSI-RS resource and a search space set associated with a CORESET in the same OFDM symbol(s), the UE may assume that the CSI-RS and a PDCCH DM-RS transmitted in all the search space sets associated with CORESET are quasi co-located with 'QCL-TypeD', if 'QCL-TypeD' is applicable. This also applies to the case when CSI-RS and the CORESET are in different intra-band component carriers, if 'QCL-TypeD' is applicable. Furthermore, the UE shall not expect to be configured with the CSI-RS in PRBs that overlap those of the CORESET in the OFDM symbols occupied by the search space set(s).
The UE is not expected to receive CSI-RS and SIB1 message in the overlapping PRBs in the OFDM symbols where SIB1 is transmitted. 
[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK11]If the UE is configured with DRX, and 
· if the UE is configured to monitor DCI format 2_6 and configured with 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 outside DRX active time for CSI to be reported; 
· if 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’ 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 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. 
< Unchanged parts are omitted >
5.2.2.5	CSI reference resource definition
A UE configured with DRX mode operation [11, TS 38.321] on the PCell or on the SpCell [12, TS 38.331]
< Unchanged parts are omitted >
If there is no valid downlink slot for the CSI reference resource corresponding to a CSI Report Setting in a serving cell, CSI reporting is omitted for the serving cell in uplink slot n'.
After the CSI report (re)configuration, serving cell activation, BWP change, or activation of SP-CSI, the UE reports a CSI report only after receiving at least one CSI-RS transmission occasion for channel measurement and CSI-RS and/or CSI-IM occasion for interference measurement no later than CSI reference resource and drops the report otherwise.
[bookmark: OLE_LINK10][bookmark: OLE_LINK12][bookmark: OLE_LINK14][bookmark: OLE_LINK15][bookmark: OLE_LINK16]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’ 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, and 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 or in the time duration indicated by drx-onDurationTimer outside 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’ 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 the UE reports a L1-RSRP report only if receiving at least one CSI-RS transmission occasion for channel measurement in DRX Active Time or in the time duration indicated by drx-onDurationTimer also outside active time no later than CSI reference resource and drops the report otherwise..
< Unchanged parts are omitted >
-------------------------------------------- End of Text Proposal ---------------------------------------------
Conclusion
Based on the discussions, we have the following proposals to correct the specification for PDCCH based power saving:
Proposal 1: Adopt TP1 to align the name of ‘Wake-up indication’ bit in TS 38213 with the description of DCI format 2_6 in TS 38.212.
Proposal 2: To align with the agreements in RAN1#99, adopt TP2 to correct the interpretation of ‘SCell dormancy indication’ bitmap in TS 38.213.
Observation 1. Rel-16 has agreed that the periodic CSI and/or periodic L1-RSRP can be configured to be reported outside active time in order to guarantee the performances of DCI format 2_6 and PDSCH.
Observation 2. Without the change in RAN1 specification in TS 38.214, the intention of the agreement in RAN1#99 regarding the configurability to allow CSI/L1-RSRP reporting in the ON duration outside active time cannot be achieved.
Proposal 3. To make the agreement for periodic CSI/L1-RSRP reporting outside active time workable, adopt TP3 in TS 38.214 to allow the corresponding CSI/L1-RSRP measurement occasion occur during the time duration indicated by drx-onDurationTimer outside active time.
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