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1	Work plan related evaluation
	Do you want to modify the time budget for this WI/SI compared to what was endorsed at the last RAN meeting?
	No



If you answered No:	Then please remove the Excel file from the zip file of this status report.
If you answered Yes:	Then please fill out the attached Excel template to request a modification of the time 		budgets for your WI /SI. The Excel table has to be filled out for all affected RAN WGs and 		up to the target date of the WI/SI. The basis are the endorsed time budgets of the last 		RAN meeting. Please highlight all changes of the values.
		One time unit (TU) corresponds to ~ 2 hours in the meeting.
		If this status report covers a WI with Core and Performance part, then please have one 		line for each in the attached Excel table.
		Note: If no Excel table is attached, then this means no time budget change.
Additional explanations/motivations for the time budget changes in the attached Excel table: N/A


2.	Detailed progress in RAN WGs since last TSG meeting (for all involved WGs)
	NOTE: Agreements and Open issues impacted cross-TSG aspects shall be explicitly highlighted
2.1	RAN1
2.1.1	Agreements
	Relating to scope item 1) – a):
1) Specify enhancements for idle/inactive-mode UE power saving, considering system performance aspects [RAN2, RAN1]
a) Study and specify paging enhancement(s) to reduce unnecessary UE paging receptions, subject to no impact to legacy UEs [RAN2, RAN1]
· NOTE: RAN1 to check and update, if needed, evaluation methodology in RAN1 #102-e meeting
The following agreements are achieved:

	RAN1 #103-e meeting

Agreements:
Observation: For NR idle/inactive-mode UEs with 10% group paging rate, paging early indication without UE sub-grouping can achieve the following power saving gains w.r.t. Rel-16:
· [0%] - [22.8%] where the baseline assumes 1 SS burst for synchronization before PO reception 
· Note: [0%] means UE can apply the baseline behavior if the time offset between the utilized SS burst and PO is small.
· [5.0%] - [32.0%]  where the baseline assumes 2 SS bursts for synchronization before PO reception
· [10.2%] - [67.7%]  where the baseline assumes 3 SS bursts for synchronization before PO reception
The power saving gains will become lower for higher group paging rate.
The power saving gains are dependent on the assumptions about placement of PEI and PO relative to SSB.
The power saving gains may vary with different paging early indication design.


Agreements:
Observation: For NR idle/inactive-mode UEs, UE sub-grouping indication within a PO can provide the following power saving gains w.r.t. Rel-16:
· If the original group paging rate is 10%: 
· [0.3%] - [1.1%] where the baseline assumes 1 SS burst for synchronization before PO reception
· [0.4%] - [0.8%] where the baseline assumes 2 SS bursts for synchronization before PO reception
· [0.3%] - [1.0%] where the baseline assumes 3 SS bursts for synchronization before PO reception
· Some sources also evaluated performance if the original group paging rate is in the range between 20% and 80% and showed following results:  
· [0.7%] - [7.6%] where the baseline assumes 1 SS burst for synchronization before PO reception
· [0.8%] - [3.0%] where the baseline assumes 2 SS bursts for synchronization before PO reception
· [0.5%] - [4.7%] where the baseline assumes 3 SS bursts for synchronization before PO reception
The number of UE sub-groups evaluated ranges from 2 to 16.
Some companies show concern on assuming group paging rate larger than 60%.
Note: It is FFS in RAN1 another group paging rate > 10% for the evaluation of Rel-17 paging enhancement.
 

Agreements:
Observation: For NR idle/inactive-mode UEs, UE sub-grouping indication carried in paging early indication can provide the following power saving gains w.r.t Rel-16:
· If the original group paging rate is 10%: 
· [10.6%] –[19.1%] where the baseline assumes 1 SS burst for synchronization before PO reception
· [16.0%] –[36.0%] where the baseline assumes 2 SS bursts for synchronization before PO reception
· [14.3%] –[46.0%] where the baseline assumes 3 SS bursts for synchronization before PO reception
· Some sources also evaluated performance if the original group paging rate is in the range between 20% and 60% and showed following results:  
· [8.0%] –[19.1%] where the baseline assumes 1 SS burst for synchronization before PO reception
· [18.1%] –[34.0%] where the baseline assumes 2 SS bursts for synchronization before PO reception
· [20.6%] –[42.0%] where the baseline assumes 3 SS bursts for synchronization before PO reception
The additional power saving gains w.r.t. paging early indication without UE sub-grouping are given as follows:
· If the original group paging rate is 10%: 
· [0.6%] –[2.7%] where the baseline assumes 1 SS burst for synchronization before PO reception
· [0.6%] –[4.0%] where the baseline assumes 2 SS bursts for synchronization before PO reception
· [0.6%] –[4.7%] where the baseline assumes 3 SS bursts for synchronization before PO reception
· Some sources also evaluated performance if the original group paging rate is in the range between 20% and 60% and showed following results:  
· [1.3%] –[8.0%] where the baseline assumes 1 SS burst for synchronization before PO reception
· [2.1%] –[13.0%] where the baseline assumes 2 SS bursts for synchronization before PO reception
· [3.3%] –[16.1%] where the baseline assumes 3 SS bursts for synchronization before PO reception
The number of UE sub-groups evaluated ranges from 2 to 16.
The power saving gains are dependent on the assumptions about placement of PEI and PO relative to SSB.
Note: It is FFS in RAN1 another group paging rate > 10% for the evaluation of Rel-17 paging enhancement.
Note: Not all sources providing results for paging early indication without UE sub-grouping also provide results for paging early indication with UE sub-grouping.
 

Agreements:
Observation: For NR idle/inactive-mode UEs with 10% group paging rate, cross-slot scheduling with K0 = 1, which can be supported by Rel-15/Rel-16 for Type 2 CSS, can provide the following power saving gains w.r.t. same-slot scheduling (K0 = 0):
· [<1%] –[2.5%] where the baseline assumes 1 SS burst for synchronization before PO reception
· [<1%] -[1.6%] where the baseline assumes 2 SS bursts for synchronization before PO reception
· [<1%] -[1.44%] where the baseline assumes 3 SS bursts for synchronization before PO reception
One source shows that cross-slot scheduling with K0 = 32, which cannot be supported by Rel-15/Rel-16 for Type 2 CSS, can provide the following power saving gains w.r.t. same-slot scheduling (K0 = 0):
· [0%] where the baseline assumes 1 SS burst for synchronization before PO reception
· [6.3%] where the baseline assumes 3 SS bursts for synchronization before PO reception
The power saving gain will become lower with higher group paging rate.


Agreements: For NR idle/inactive-mode paging enhancement, paging early indication before paging occasion is supported from RAN1 perspective
· FFS: Physical layer design based on DCI, SSS or TRS/CSI-RS 
· Send LS to inform RAN2 and kindly ask RAN2 to inform RAN1 if there is anything that RAN1 should take into consideration in the physical layer design for this feature, including any other progress RAN2 has made in this WI which may has RAN1 impact

Draft LS in R1-2009754 is approved. Final LS in R1-2009801.



	RAN1 #102-e meeting

Agreements:
For study of Rel-17 paging enhancement, the following are assumed as a baseline for FR1 and FR2:
· Reference configuration for FR1/FR2 as specified in Section 8.1.1/8.1.2 of TR 38.840
· Note: the setting for some PDSCH parameters may not be applicable for RedCap UEs
· Baseline paging cycle length: [1.28] second 
· SS burst related assumptions:
· 20 ms periodicity
· 2 ms duration for serving cell RRM measurement, which can overlap with the one for synchronization before PO
· FFS time/frequency tracking
· Measurement related assumptions:
· 20 ms SMTC periodicity
· 2 ms SMTC window for intra-frequency RRM measurement, assuming synchronized deployment
· [5 ms SMTC window and 6 ms measurement gap for inter-frequency RRM measurement]
· Note: RAN4 requirement assumes one frequency layer per measurement gap, and 0.5 ms is assumed for switch in/out a frequency layer
· Note: the inclusion of potential TRS/CSI-RS occasions can be considered

Agreements:
The following power consumption model for FR1 is utilized for the evaluations of Rel-17 UE power saving enhancements in idle/inactive mode
· FFS: FR2 power consumption model for idle/inactive mode operations
	Power State
	Relative Power
(FR1 reference from TR 8438.840)
	Relative Power 
(Idle/inactive-mode operation with reception bandwidth 20 MHz)

	Deep Sleep (PDS)
	1
	1

	Light Sleep (PLS)
	20
	20

	Micro sleep (PMS)
	45
	45

	PDCCH-only (PPDCCH)
	100
	50Note

	PDCCH + PDSCH (PPDCCH+PDSCH)
	300
	120

	PDSCH-only (PPDSCH)
	280
	112

	SSB/CSI-RS proc. (PSSB)
	100 (synchronization or serving cell measurement)
	50

	Intra-frequency RRM measurement (Pintra)
	        150 (synchronous case, N=8, measurement only; Pintra, meas-only)
        200 (combined search and measurement; Pintra, search+meas)
	        [60] (synchronous case, N=8, measurement only; Pintra, meas-only)
        [80] (combined search and measurement; Pintra, search+meas)

	Inter-frequency RRM measurement (Pinter)
	·        150 (measurement only per freq. layer; Pinter, meas-only)
·        150 (neighbor cell search power per freq. layer; Pinter, search-only)
·        Micro sleep power assumed for switch in/out a freq. layer
	·        [60] (measurement only per freq. layer; Pinter, meas-only)
·        [150] (neighbor cell search power per freq. layer; Pinter, search-only)
·        Micro sleep power assumed for switch in/out a freq. layer

	Note: Power scaling to 20MHz reception bandwidth follows the rule in Section 8.1.3 of TR 38.840, i.e., max{reference power * 0.4, 50}.



Agreements:
Group paging rate of 10% is assumed for the evaluation of Rel-17 paging enhancement
· FFS: Another group paging rate > 10%
· Note: If UE sub-grouping is applied, the sub-group paging rate can be reduced w.r.t. the total sub-group number for a PO

Agreements:
For the study on paging enhancements to reduce unnecessary paging reception, the following metrics are considered:
· UE power saving gain (relative to a given feature or overall)
· Impact to UE paging detection probability 
· FFS: Link level simulation assumptions
· System impact, including 
· Additional resource overhead and its implications
· Impact to Rel-15/Rel-16 idle/inactive-mode UEs and connected-mode UEs
· Impact to other legacy functionalities, including SI change and ETWS indication
· [Note: NW energy consumption evaluation is not precluded]

Agreements:
For the study of paging enhancement, 1, 2, or 3 SS burst processing is assumed before PO
· Note: in choosing one or more values (1, 2, or 3) for the evaluations, companies to provide justification

Agreements
Send a LS with for evaluation methodology updates related to paging enhancement(s) to RAN2
· Draft LS in R1-2007355, which is endorsed, with final LS in R1-2007356 -> (typo fix) R1-2007425

Agreements:
For the study on paging enhancements, the following LLS assumptions are considered.
· For investigating the residual frequency error after one or multiple SS burst processing, at least -6 dB SNR should be considered
	Parameters
	Values
	Note

	Carrier Frequency
	4GHz (FR1)
	

	Transmission BW
	20MHz (FR1)
	

	Antenna Configuration
	1/2TX and 2/4 RX
	Companies to report

	Channels
	TDL-C or CDL-C
300 ns delay spread
100 Hz Doppler shift
	

	Frequency error
	Uniform distribution in the range [-X, +X]ppm

Companies to report the utilized X value(s) with justification
	Modelled at the input of the considered paging channel/early indication design(s)

	Paging PDCCH configuration
	AL8, 41 info + 24 CRC bits, REG bundle size 6
	Companies to report additional setting(s), e.g., CORESET duration, etc.

	Paging PDSCH configuration
	Mapping type A, MCS 0, 48 PRB, TB scaling 1, DMRS type 1 with 2 additional DMRS
	Companies to report additional setting(s), e.g., other TB scaling factor, other DMRS type(s), etc.

	Paging early indication design(s)
	Companies to report
	



Agreements:
For potential paging enhancements, RAN1 to study the following candidate schemes:
· Paging early indication before a target PO to indicate UE whether to monitor PDCCH scrambled with P-RNTI at the PO. Potential candidate indication methods include 
· DCI-based indication, e.g., based on 
· Extending existing DCI format 1_0 or 2_6 
· New DCI format
· RS-based or sequence-based indication, e.g., based on TRS/CSI-RS or SSS
· Sub-grouping for paging, based on 
· Legacy paging DCI
· Paging early indication
· Additional reception occasions in time/frequency domain
· Multiple P-RNTIs
· Cross-slot scheduling for paging PDSCH
· Other proposal is not precluded


	Relating to scope item 1) – b):
1) Specify enhancements for idle/inactive-mode UE power saving, considering system performance aspects [RAN2, RAN1]
b) Specify means to provide potential TRS/CSI-RS occasion(s) available in connected mode to idle/inactive-mode UEs, minimizing system overhead impact [RAN1]
· NOTE: Always-on TRS/CSI-RS transmission by gNodeB is not required
The following agreements are achieved:

	RAN1 #103-e Meeting

Agreements:
· Functionality of RRM measurement for neighbour cell is not supported for TRS/CSI-RS for idle/inactive UE(s).


Agreements:
· SIB signalling provides the configuration of TRS/CSI-RS occasion(s) for idle/inactive UE(s).
· Up to RAN2 to decide which SIB is to be used.
· Whether or not to additionally support other high-layer signalling methods (e.g., dedicated RRC, RRC release message, etc.) is up to RAN2
Send an LS to RAN2 informing the above agreements, and
· To further add that RAN1 is working on the detailed physical layer design 
Draft LS is endorsed, with final LS in R1-2009791.  R1-2009848


Agreements:
· Aperiodic TRS and semi-persistent/aperiodic CSI-RS are not used as TRS/CSI-RS occasion(s) for idle/inactive UEs.

Agreements:
- Target sending an LS to RAN2 and RAN4 to ask whether it is feasible to allow a UE to use the potential TRS/CSI-RS occasion to enhance the SSB based IDLE/Inactive mode evaluations of the serving cell. (to also include agreements from last meeting)
* Further discussion whether any additional information needs to be included in the LS or not, including potential re-wording of the leading sentence
[bookmark: _Hlk56167136]

Agreements:
· Discuss further based on the following alternatives and down-select at RAN1#104-e:
· Alt 1: The availability of TRS/CSI-RS at the configured occasion(s) is NOT informed to the UE.
· Alt 2: The availability of TRS/CSI-RS at the configured occasion(s) is informed to the UE.
· Alt 3. The conditional availability of TRS/CSI-RS at the configured occasion(s) is informed to the UE.
·  The condition can be, e.g., existence of paging.
· Alt 4. Combination of the above alternatives.
· FFS for details
· FFS for UE behavior when the availability is not informed.
· Other techniques are not precluded.
· Companies encourage to provide sufficient information for the proposal, e.g.,
· how to achieve power saving gain
· how to minimize impact on NW
how to minimize extra UE implementation complexity
· feasibility check on sharing the TRS/CSI-RS between connected UEs and idle/inactive UEs
· Proposals should be consistent with the WID objective.

Conclusion:
· TRS/CSI-RS based PEI is discussed in AI 8.7.1.1.
· PEI functionality is not further discussed under AI 8.7.1.2.
· Note: This does not prevent to potentially use PEI to carry the indication for TRS/CSI-RS presence.



	RAN1 #102-e Meeting

Agreements:
· New types/patterns of TRS/CSI-RS are not introduced specifically for idle/inactive mode UE.

Agreements:
The TRS/CSI-RS occasion(s) that may be for connected mode UEs can be shared to idle/inactive mode UEs. 
-  Note: It is understood that gNB can potentially share the occasions to idle/inactive (which would just mean it up to NW whether to share or not share).
-  Note: It is understood that TRS/CSI-RS in the TRS/CSI-RS occasion(s) may or may not be transmitted.
-  Note: Always-on TRS/CSI-RS transmission by gNodeB is not required
-  At least TRS/CSI-RS occasion(s) corresponding to periodic TRS is supported 
- FFS for other RS types
-  FFS: Whether UE blind detection is required or not.

Agreements:
Idle/inactive UE may use the TRS/CSI-RS occasion(s) that are shared to it for functionalities such as: 
-           AGC, time/frequency tracking
-           FFS: RRM measurement for serving cell, RRM measurement for neighbor cell, paging reception indication

Observation:
It is up to gNB implementation whether or not to transmit a TRS/CSI-RS to idle/inactive UEs even when the TRS/CSI-RS is not needed by connected UEs (e.g., when there is a connected mode UE in a cell but the UE is no longer using the TRS/CSI-RS, or when there is no longer connected mode UE in a cell, etc.)

Agreements:
The configuration of TRS/CSI-RS occasion(s) for idle/inactive mode UE(s) is provided by higher layer signalling
-           FFS higher layer signalling candidates (e.g., SIB, dedicated RRC, RRC release message, etc.)
-           FFS for other signalling candidates (e.g., pre-configuration, etc.)
-           FFS for detailed configuration parameters (e.g., whether and how to reduce the signalling overhead for configuration, etc.)

Agreements:
Further study whether and how to inform the availability of TRS/CSI-RS to idle/inactive mode UE (implicitly or explicitly).
- Note: Availability corresponds to the information for whether TRS/CSI-RS is actually transmitted or not.

	Relating to scope item 2) – a):
2) Study and specify, if agreed, enhancements on power saving techniques for connected-mode UE, subject to minimized system performance impact [RAN1, RAN4]
a) Study and specify, if agreed, extension(s) to Rel-16 DCI-based power saving adaptation during DRX Active Time for an active BWP, including PDCCH monitoring reduction when C-DRX is configured [RAN1] 
· NOTE: Rel-15 and Rel-16 available power saving solutions should be supported by the UE and included in the evaluation. RAN1 will ask the confirmation from RAN2 that Rel-15 and Rel-16 available power saving solutions are properly utilized.
The following agreements are achieved:

	RAN1 #103-e Meeting

Agreements:
Observation: 

· Each of the following schemes is individually shown to be beneficial for UE power saving compared to the baseline.
· Dynamically switching search space set
· Dynamically skipping PDCCH monitoring for a certain duration or until next DRX ON
· At least the following Rel-15 and/or Rel-16 power saving solutions have been utilized for baseline,
· For eMBB traffic,
· DRX setting(including using short DRX or long DRX with a short IAT or long IAT), Wake-up signal, Cross-slot scheduling, CA/Scell dormancy, MAC-CE skipping, BWP switching
· For VoIP traffic,
· DRX setting(only long DRX cycle with a short IAT), Wake-up signal,  Cross-slot scheduling, MAC-CE skipping
· For IM traffic,
· DRX setting(long DRX cycle [with a short IAT]), Wake-up signal
· For intensive eMBB traffic,
· DRX setting(including using short DRX or long DRX with a short IAT), Wake-up signal, Cross-slot scheduling, [CA/Scell dormancy], MAC-CE skipping, BWP switching
· Note: intensive eMBB traffic is optional and companies may use FTP model 3 with different packet size and mean data arrival time, e.g., 15ms, 30ms, 50ms or 100ms. 
· Note 1: For Search space switching, switching from 1slot monitoring to 2, 4, 8, 10, 16 or 32 slot with 30kHz SCS (FR1) and 120kHz (FR2) is utilized.
· Note 2: For PDCCH skipping , skipping 2ms, 4ms, 5ms, 8ms, 15ms, 16ms, 32ms,  64ms or to next DRX cycle is utilized
· Note 3: the baseline assumed may vary across companies


Agreements:
· Specify at least one of the following options for Rel-17 dynamic PDCCH adaptation in time-domain for active time,
· Option 1: Search space set group switching,e.g., potential adjustments/enhancements forincluding explicit and implicit search spaceset group switching specified in R16 for NR-U 
· Option 2: PDCCH skipping for a certain duration / DRX cycle
· FFS: which option(s)(e.g. taking into account additional gain of option 1 over option 2, or vice-versa)
· Candidate DCI formats for dynamic PDCCH adaptation include DCI formats 1_1(including scheduling and non-scheduling DCI), 0_1, 1_2, 0_2, 2_0, 2_6.
· Note:
· Companies are encouraged to provide analysis on specification impact, power saving benefit and system impact (e.g., packet latency, system overhead)
· FFS: other schemes are not precluded for further study


	RAN1 #102-e Meeting

Agreements:
· Reusing power model in TR38.840 for evaluation of DCI-based power saving adaptation schemes.
· Note: company reporting additional power model for missing state or update is not precluded.


Agreements:
· Company should report assumptions used for periodic measurement activities for the Rel-17 DCI-based power saving adaptation evaluation.
· The periodic activities defined in TR38.840 can be reused.
· Measurement for RLM/BFD every C-DRX cycle can be optionally modelled

Agreements:
· The performance metrics described in TR38.840 section 8.2 is reused for power saving evaluation of Rel-17 DCI-based power saving adaptation during ActiveTime.
· The following Rel-15 / 16 features is recommended of the power consumption as reference for baseline. Company can report the feature(s) being used in the baseline.
· DRX
· C-DRX cycle 40msec for VoIP
· 10ms IAT, 8ms On-duration
· Assume max two packets bundled
· C-DRX cycle 160msec for FTP
· Alt 1: 20 msec IAT, 8ms On-duration
· Alt 2: short DRX
· 20 ms [or 40ms as optional] IAT, 8ms On-duration
· 20 ms for short DRX cycle, 4 cycles
· Note: 100 msec IAT, 8ms On-duration can also be used with sufficient justifications that available Rel-15/16 Techniques being used to reduce UE power saving
· DCP for DRX adaptation,
· DCP offset  to DRX ON = 2 ms, other values are not precluded
· Cross-slot scheduling adaptation
· Minimum K0 can be adapted from 0 to 1 for FR1, 0 to [4] for FR2
· BWP switching, including
· MIMO layer adaptation,
· Max # of MIMO layer can be adapted from 4 layer to 2 layer for FR1, 2 layer to 1 layer for FR2
· PDCCH monitoring period adaptation
· PDCCH monitoring period can be adapted from per slot monitoring to X slot monitoring
· X = [2] for FR1 and [8] for FR2
· Bandwidth adaptation
· Bandwidth can be adapted from 100MHz to 20MHz for FR1,FFS for FR2
· Note: 
· BWP transition time type 2 is assumed, BWP transition duration is
· 5 slot @ 30kHz SCS for FR1, 
· 18 slot@120kHz SCS for FR2
· the slot-average power level for BWP transition duration is according to TR38.840
· BWP transition time type 1 can be optional modelled
· BWP switching is Y (ms) after last packet/data burst. 
· Y = [8], other values are not precluded
· Whether BWP switching is modeled depends on the assumed UE capability and evaluated schemes.
· Scell dormancy assumption for CA capable UEs
· FR1 & FR2: SCell dormancy with [160 ms] periodic CSI measurement and reporting
· Other settings
· CA assumption if configured for CA capable UEs
· For FR1, FFS
· For FR2, 4*100MHz can be considered.
· Assumptions for scheduler
· For FR1, no restriction on the beam assumptions being used in each slot
· For FR2, up to each company, e.g., gNB equally schedule the slots for UEs targeting to different beams. 
· Note: the assumptions does not necessary mean to restrict or precluded any implementation. Other assumptions are not precluded and can be reported by companies.
· Company to report the used assumption for the interruption and also power savings impact due to presence/absence of interruptions .

Agreements:
Legacy traffic models in TR38.840 can be considered for Rel-17 DCI-based power saving adaptation evaluation, other traffic models can be optionally modelled and company report which traffic model(s) is used.

Update on 8/28:
Draft LS is approved (with generic RAN2 action), with final LS in R1-2007419.



2.1.2	Remaining open issues
RAN1 agrees to specify the enhancements for idle/inactive-mode power saving, relating to scope item 1)-a), and for connected-mode power saving, relating to scope item 2)-a). It remains for RAN1 to decide the physical layer details. In particular, the following are the remaining open issues: 
· For scope item 1) - a): 
· Specify physical layer design based on DCI, SSS or TRS/CSI-RS for paging early indication before paging occasion
· Discuss the feasibility and limitation of incorporating other paging enhancement scheme(s), including UE sub-grouping and/or cross-slot scheduling
· For scope item 1) - b):
· Discuss and decide whether and how gNodeB to indicate the availability of TRS/CSI-RS at the configured occasion(s) for idle/inactive-mode UEs
· Specify details for the configuration of TRS/CSI-RS for idle/inactive mode UEs
· For scope item 2) - a): 
· Specify at least one of Option 1 and Option 2. Note that other schemes are not excluded.

2.2	RAN2
2.2.1	Agreements
	Relating to scope item 1) - a) 
1) Specify enhancements for idle/inactive-mode UE power saving, considering system performance aspects [RAN2, RAN1]
a) Study and specify paging enhancement(s) to reduce unnecessary UE paging receptions, subject to no impact to legacy UEs [RAN2, RAN1]
· NOTE: RAN1 to check and update, if needed, evaluation methodology in RAN1 #102-e meeting
The following agreements are achieved:

	RAN2 #112-e Meeting

Confirm that UE grouping is considered a candidate of paging enhancement for UE power saving
RAN2 have discussed and considered “paging indication for UE subgroups using paging DCI”, “paging early indication or wake-up signal (WUS) for UE subgroups”, “cross-slot scheduling of paging for UE subgroups”. 
RAN2 understands that RAN1 have started to evaluate performance and complexity. RAN2 assumes that RAN1 continues with this evaluation, in order that decisions can be made regarding the paging indication/scheduling solution. As R2 is the leading group for this WI objective it is expected that final decisions are made by R2. 
Will send an LS to R1 (action to be discussed offline).
The solution of PRNTI based group discrimination is deprioritized from RAN2 perspective
The solution of “paging for UE subgroups using different time/frequency resources” is de-prioritized from RAN2 perspective.

[AT112-e][047][ePowSav] LS on Paging enhancement (Mediatek)
	Scope: LS covering decisions and clarifying work split to the extent possible.  
	Intended outcome: Approved LS to R1 (R2-2010884)
	Deadline: EOM

[Post112-e][0xx][Pow17] Paging subgroup determination ()
	Scope: For how to determine which paging subgroup a UE belongs to, several methods have been proposed, applying hash based on UE-ID similar to today, take into account paging probability, power consumption sensitivity etc. Objective to pave the way for agreements next meeting. Quantitative analysis argumentation is allowed (this is RAN2 scope). 
	Intended outcome: Report
	Deadline: Long

	RAN2 #111-e Meeting

For PowSav solutions for Idle/Inactive (for smart phones) that can easily also be applied to redcap, R2 assume they may be applied. Details FFS and to be discuss case by case when the maturity is high (might in the end just be a question of UE caps).

Dual DRX not in the scope of current WID. 

[Post111-e][xxx][ePowSav] UE grouping (Mediatek)
	Scope: UE grouping, put solutions on the table, describe intentions / how they work (high level), and their potential to save power. Possibly take into account R1 evalaution methodology (if they have agreements on the evaluation parameters).
	Intended outcome: Report
	Deadline: Long



2.2.2	Remaining open issues 
For scope item 1) – a), RAN2 will continue to study and specify, if agreed, UE grouping for paging enhancement, including paging subgroup determination. 
For scope item 1) – b), as requested in RAN1 LS, R1-2009848, RAN2 will discuss and decide whether or not to additionally support other high-layer signalling methods (e.g., dedicated RRC, RRC release message, etc.) in order to provide the configuration of TRS/CSI-RS occasion(s) for idle/inactive UE(s).

2.3	RAN3
2.3.1	Agreements: N/A (RAN3 is not involved in the WI)
2.3.2	Remaining Open issues: N/A

2.4	RAN4
2.4.1	Agreements 
	Relating to scope item 2) - b) 
2) Study and specify, if agreed, enhancements on power saving techniques for connected-mode UE, subject to minimized system performance impact [RAN1, RAN4]
b) Study the feasibility and performance impact of relaxing UE measurements for RLM and/or BFD, particularly for low mobility UE with short DRX periodicity/cycle, and specify, if agreed, relaxation in the corresponding requirements [RAN4]
· NOTE: Supplementary RAN2 work, if needed, can be triggered by RAN4 LS
The following agreements are achieved:

	RAN4 #97-e Meeting

Approved: WF on NR UE Power Saving Enhancements (R4-2017269)

Issue 2-1-1: Evaluation assumption for SLS on mobility impact
· Evaluation assumptions are in section 2 of R4-2017306
· Note: Further updates in future meetings are not precluded.

Issue 2-1-2: Evaluation assumption for power consumption
· Power consumption model in 38.840 is used as the starting point of evaluation assumption. Other options are not precluded, e.g.,
· LS R1-2007419 
· VoIP traffic model as in TR 38.840
· Evaluation assumptions in section 3 of R4-2017306
· Note: Further updates in future meetings are not precluded.

Issue 2-1-3: From configuration perspective, factors to be studied and evaluated for RLM/BFD relaxation
· At least the following factors are prioritized for RLM/BM relaxation study, 
· DRX cycle (option 1) for both 20ms and 40ms cycle length
· The following factors can also be considered for evaluation. Companies are encouraged to evaluate the following factors and clarify the corresponding assumption.  
· Option 2: RS configurations, 
· 2a: RLM/BFD-RS types 
· 2b: Periodicity of SSB or CSI-RS resource
· 2c: BW of RLM/BFD-RS types
· 2d: the relation to RSs for RRM 
· 2e: relation to RS for other L1 measurement
· 2f: WUS is applied or not 
· Option 3: N factor (# of RX beams for FR2) 
· Option 4: P (scale factor with consideration of overlap with measurement gap and/or SMTC window)  

Issue 2-2-2: Evaluation metrics, system impact aspects
· Study the system impact of relaxed RLM/BFD measurements, taking in to account the following evaluation metrics: 
· increased latency in RLF triggering (for RLM)
· increased latency in beam failure detection and the initiation of beam recovery procedure (for BFD)
· Delta SINR as one of the performance statistic to evaluate the RLM/BFD performance impact
· RAN4 to discuss the impact of RLM/BM relaxation on PDCCH monitoring.

Issue 2-3-1: Scheme of RLM/BFD measurements relaxation
· At least extending evaluation period of RLM/BFD measurement (Option 1) to be considered as the scheme of RLM/BFD measurements relaxation. FFS schemes as follows
· Option 1a: RAN4 to further discuss use of a scaling factor for defining the relaxed RLM/BM evaluation period and indication intervals.
· Option 2: Reducing the number of candidate beams when UE fulfilled relaxed criteria can be a feasible way to reduce power consuming. 
· Option 3: Reducing the number reducing the sample number. 

Issue 2-3-2: Criteria which the UE is allowed to relax the RLM/BM requirements
· RAN4 to further study the criteria which the UE is allowed to relax the RLM/BM requirements, according to UE mobility and/or serving cell’s quality. 
· Note: The options discussed in RAN4 97e meeting are listed below for information. 
· Option 1: UE mobility 
· 1a: Low mobility criteria, e.g. R16 RRM relaxation criterion can be used as a starting point. 
· 1b: other solutions.
· Option 2: Serving cell’s quality (e.g. RSRP, SINR) 
· 2a: at-cell-center criteria, e.g. R16 RRM relaxation criterion can be used as a starting point. 
· 2b: the measured SINR is above one additional threshold (e.g. SINR > 2dB). 
· 2c: other solutions.

Issue 2-3-3: Network or UE to determine if the criteria for relaxation is fulfilled
The following options are FFS
· Option 1: Low mobility scenario under which the UE is allowed to relax the RLM/BM requirements is determined by the network. 
· Option 2: Low mobility scenario under which the UE is allowed to relax the RLM/BM requirements is determined by the UE. 
· Option 3: Low mobility scenario under which the UE is allowed to relax the RLM/BM requirements is determined by both the network and UE.

Issue 2-4-1: Reverting to the normal RLM operation
The following options are FFS
· Option 1: The UE while performing relaxed RLM upon detecting certain number of out-of-sync indications or upon triggering T310 reverts to the normal RLM operation (i.e. without relaxation). 
· Other options are not precluded

Issue 2-4-2: Reverting to the normal BM operation
The following options are FFS
· Option 1: The UE while performing relaxed BFD upon beam failure detection reverts to the normal BFD operation (i.e. without relaxation).
· Other options are not precluded

Issue 2-4-3: Relaxation of BM when not all serving cells in intra-band CA/DC meets relaxation criteria
· RAN4 to further discuss the relaxation of BFD when not all serving cells in intra-band CA/DC meets relaxation criteria. 
· The following options are FFS
· Option 1A: relax on all serving cells when the relaxed criteria is fulfilled in one serving cell.
· Option 1B: relax only on serving cells where the relaxed criteria is fulfilled.
· Option 1C: Other solutions
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System level simulation assumptions for mobility impact analysis from RLM/BFD relaxation

The intention of this evaluation is to justify the mobility impact of RLM/BFD relaxation under different scenarios. For FR1 and FR2, the evaluation assumption is provided in Table I.

Table I Evaluation assumptions for mobility impact of RLM/BFD relaxation in FR1 and FR2
	Parameters
	Dense urban (UMi) in FR1
	Dense urban (UMi) in FR2

	UE speed
	3km/h; 30km/h

	Relaxation factor (X)
	2, [3], 4, [8]
Note: For DRX cycle <=320 ms, “1.5” factor is considered in the R15/R16 baseline.
	2, [3], 4, [8]
Note: For DRX cycle <=320 ms, “1.5” factor is considered in the R15/R16 baseline.

	DRX cycle length
	20ms, 40ms

	Layout
	Single layer:
Macro layer: Hex. Grid

	Moving across Boarder
	Option 1: Wrap around as defined in 36.839 [1]
Option 2: Bouncing back as defined in 36.839 [1]

	Inter-BS distance 
	200m
	200m

	Carrier frequency and SCS
	4GHz and 30kHz SCS for SSB

	30GHz and 120kHz SCS for SSB

	Simulation bandwidth
	20MHz (for CORESET0 BW)

	80MHz (for CORESET0 BW)

	N factor (# of RX beams for FR2)
	N.A.
	8 for SSB,
1 for CSI-RS

	SSB multiplex with Data
	No

	LoS probability
	According to Table 7.4.2-1 in TR 38.901 [2]

	Pathloss and shadow fading std.
	Refer to UMi model in TR38.901 [2]

	Shadow fading correlation distance
	10 for LOS and 13 for NLOS

	BS Tx power
(PA power)
	44dBm
	40dBm

	UE receiver noise figure
	9dB

	13dB

	UE distribution
	100% outdoor

	BS antenna height 
	10m

	UE antenna height
	1.5m

	BS antenna element gain + connector loss
	Follow 38.802 [3] Table A.2.1-4

	UE antenna model
	Follow 38.802 [3] Table A.2.1-4

	Follow 38.802 [3] Table A.2.1-4
(M,N,P,Mg,Ng) =
Option 1: (1,2,2,1,2) 
Option 2: (2,2,2,1,2)
Θmg,ng=90°; Ω0,1=Ω0,0+180°; (dg,H, dg,V)=(0,0)
Note: only one of panels should be selected

	UE beam sweeping
	No
	Yes.
# of beams: N = 8

	BS antenna down-tilt
	15 degree

	BS array configuration
	(M,N,P,Mg,Ng) =
Option 1: (8,8,2,1,1)
Option 2: (2,4,2,1,1)
(dH,dV) = 
Option 1: (0.5, 0.8)λ 
Option 2: (0.5, 0.9)λ
+45°, -45° polarization

	(M,N,P,Mg,Ng) =
Option 1: (4,8,2,1,1)
Option 2: (4,8,2,2,2)
(dH,dV) = (0.5, 0.5)λ, (dg,H,dg,V) = (4.0, 2.0)λ
+45°, -45° polarization

	BS beam set
	For direction of analog beam steering (in LCS):
Azimuth angle φi = [-45, -15, 15, 45] degree
Zenith angle θj = [90,115] degree

Note: Other options are not precluded.
	For direction of analog beam steering (in LCS):
Azimuth angle φi = [-60, -42.86, -25.71, -8.57, 8.57, 25.71, 42.86, 60] degree
Zenith angle θj = [90, 100, 110, 120] degree
Note: Other options are not precluded.



The UE performs signal and interference measurements based on RLM-RS (i.e. SSB or CSI-RS) to derive a downlink link quality metric, and SINR is considered here for simplicity. 
The performance metric of this evaluation can be 
a. increased latency in RLF triggering (for RLM)
b. increased latency in beam failure detection and the initiation of beam recovery procedure (for BFD)
c. the CDF curves of Delta SINR comparison between R15 an R17. 
· Delta SINR = (estimated SINR_R17– estimated SINR_R15) 	[dB].

As one reference, the definition of Delta SINR in R15 is
· Delta SINR = (estimated SINR – ideal SINR) 	[dB].


Evaluation assumptions for power saving benefits from RLM/BFD relaxation

  This evaluation is going to provide power consumption comparison between relaxed RLM/BFD and R15/R16 baseline. The evaluation is based on power model in annex of TR 38.840 [4] and some further evaluation assumptions are provided in Table II as follows.
Table II Evaluation assumptions for power saving gain of RLM/BFD relaxation
	Parameters
	FR1
	FR2

	longDRXCycle
	40ms for VoIP traffic models;
160ms for FTP Model 3 
Note: Other options are not precluded
	40ms for VoIP traffic models;
160ms for FTP Model 3 
Note: Other options are not precluded

	OnDurationTimer
	4ms for VoIP traffic models;
8ms for FTP Model 3
Note: Other options are not precluded
	4ms for VoIP traffic models;
8ms for FTP Model 3
Note: Other options are not precluded

	Drx_InactiveTimer
	4ms for VoIP traffic models;
20ms for FTP Model 3
Note: Other options are not precluded
	4ms for VoIP traffic models;
20ms for FTP Model 3
Note: Other options are not precluded

	Slot length
	0.5ms
	0.125ms

	Relaxation factor (X)
	2, [3], 4, [8]
Note: For DRX cycle <=320 ms, “1.5” factor is considered in the R15/R16 baseline.
	2, [3], 4, [8]
Note: For DRX cycle <=320 ms, “1.5” factor is considered in the R15/R16 baseline.

	PDCCH-WUS configuration
	Option 1: Yes
WUS offset: 4 slot
No wake-up if WUS is missed
Option 2: No
	Option 1: Yes
WUS offset: 4 slot
No wake-up if WUS is missed
Option 2: No

	Traffic Model
	Option 1:
FTP Model 3
0.1Mbytes packet size
200ms mean inter-arrival time (Note: Other options are not precluded)
Option 2:
VoIP traffic models in TR 38.840
	Option 1:
FTP Model 3
0.1Mbytes packet size
200ms mean inter-arrival time (Note: Other options are not precluded)
Option 2:
VoIP traffic models in TR 38.840

	RLM-RS periodicity
	SSB: 20 ms
CSI-RS: TBD
	SSB: 20 ms
CSI-RS: TBD

	RRM-RS periodicity
	SSB(SMTC periodicity): 20ms
Note: Other options are not precluded. 
	SSB(SMTC periodicity): 20ms
Note: Other options are not precluded.  

	UL transmission
	Interested companies are encouraged to consider this and claim the detailed assumptions when delivering results.

	BW of RLM/BFD-RSs
	Interested companies are encouraged to consider this and claim the detailed assumptions when delivering results.

	RS for L1 measurements
	Interested companies are encouraged to consider this and claim the detailed assumptions when delivering results.
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2.4.2	Remaining open issues
With the above, the following are remaining open issues for RLM/BFD relaxation in RAN4:
· Scheme of RLM/BFD measurements relaxation
· Criteria which the UE is allowed to relax the RLM/BM requirements
· Network or UE to determine if the criteria for relaxation is fulfilled
· Reverting to the normal RLM operation 
· Reverting to the normal BM operation 
· Relaxation of BM when not all serving cells in intra-band CA/DC meets relaxation criteria


2.5	RAN5
2.5.1	Agreements: N/A (RAN5 is not involved in the WI)
2.5.2	Remaining Open issues: N/A
2.5.3	Remaining Open issues with cross-WG dependencies: N/A

2.6	RAN6
2.6.1	Agreements: N/A (RAN6 is not involved in the WI)
2.6.2	Remaining Open issues: N/A

3.	Detailed progress in SA/CT WGs since last TSG meeting (for all involved WGs)
NOTE: This section only needs to be filled in for WI/SIs where there is a corresponding relevant WI/SI in SA/CT. 
3.1	SAx/CTs
3.1.1	Agreements with cross-TSG impacts: N/A
3.1.2	Remaining Open issues with cross-TSG impacts: N/A
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R2-2009274	Paging enhancement using UE subgrouping	Intel Corporation
R2-2009092	Paging Enhancements to Reduce False Alarms	Samsung Electronics Co., Ltd
R2-2010397	UE Power profile based UE subgrouping	 CMCC	
R2-2010629	Further consideration on the UE grouping methods	ZTE corporation, Sanechips

· Paging / Group indication
R2-2008892	Power saving enhancements for paging reception	  Qualcomm Incorporated
R2-2009083	Paging enhancement in idle inactive mode for power saving	vivo
R2-2009442	Paging enhancement for power saving	LG Electronics Inc.
R2-2009351	General requirements for potential paging enhancement	  Nokia, Nokia Shanghai Bell
R2-2009503	NR UE Power Save Wakeup and Paging Reception	Apple	
R2-2009893	Discussion on reduction of unnecessary UE paging receptions	Sony
R2-2009642	Discussion on the UE grouping method	ITRI
R2-2009464	Discussion on UE group based paging	OPPO	discussion

· Other 
R2-2009502	NR UE Power Save False Paging Mitigation	Apple
R2-2009504	NR UE Power Save UE Paging Grouping	            Apple

· TRS CSI-RS for Idle Inactive 
R2-2010245	On potential TRS/CSI-RS for idle/inactive-mode UE	Huawei, HiSilicon
R2-2009956	Exposure of connected mode TRS occasions to Idle and Inactive mode	    Ericsson
R2-2008946	Discussion on TRS CSI-RS for RRC-IDLE and RRC-INACTIVE State UE	Xiaomi 
R2-2009918	Potential TRS/CSI-RS occasion(s)	   Nokia, Nokia Shanghai Bell	
R2-2009465	Potential RAN2 impacts for TRS/CSI-RS configuration	  OPPO	 
 

	RAN2 #111-e Meeting
· Organizational, Scope and Requirements:
R2-2007189	RAN2 Work Plan for UE Power Saving Enhancements WI	MediaTek Inc.
R2-2007440	Discussion on RAN2 scope for UE Power Saving	Huawei, HiSilicon	
R2-2006730	Views on Rel-17 NR UE power saving	Xiaomi Communications	
R2-2006789	Discussion on use cases of UE power saving enhancements	OPPO	
R2-2007326	Discussion on RAN2 scope in Power saving	LG Electronics.
R2-2007436	Initial consideration on RAN2’s work on UE power saving	CMCC

· Idle/inactive-mode UE power saving:
· General
R2-2007190	Paging Enhancements for UE Power Saving in NR	MediaTek Inc.
R2-2006775	Power Consumption by RRC IDLE_INACTIVE UE	Samsung Electronics Co., Ltd
R2-2006790	Paging enhancement for power saving	OPPO	
R2-2006608	Power saving enhancements for paging reception	 Qualcomm Inc
R2-2006729	Discussion on UE Power saving for RRC-IDLE and RRC-INACTIVE State	Xiaomi 
                            Communications
R2-2007182	Discussion on reduction unnecessary UE paging receptions	Sony
R2-2007115	False Paging Mitigation	Apple
R2-2006690	Paging enhancement in idle inactive mode for power saving	vivo
R2-2006654	UE power saving for paging procedures	ETRI
R2-2006689	Coordination between RAN1 and RAN2 for paging enhancement	vivo
R2-2006720	Paging enhancements to reduce UE power consumption	Intel Corporation
R2-2006774	Paging Enhancements to Reduce Unnecessary Paging receptions	Samsung 
                            Electronics Co., Ltd
R2-2006874	Solutions to reduce unnecessary paging reception	ZTE corporation, Sanechips	
R2-2006990	Considerations on paging enhancements for Power saving	CATT
R2-2007116	Wakeup and Paging Reception	Apple
R2-2007249	Discussion on the UE grouping based solution for idle/inactive-mode UE power saving
                            ITRI
R2-2007260	Paging enhancement to reduce unnecessary UE paging receptions	Ericsson
R2-2007437	Paging enhancement for idle inactive-mode UE power saving	CMCC
R2-2007441	Discussion on paging enhancements	Huawei, HiSilicon
R2-2007468	Consideration on Idle/inactive-mode UE power saving	Lenovo, Motorola Mobility
R2-2007563	IDLE / INACTIVE mode UE power saving	Nokia, Nokia Shanghai Bell	
R2-2007990	Paging enhancement for power saving	LG Electronics Inc.
· TRS / CSI-RS
R2-2007261	Exposure of connected mode TRS occasions to Idle and Inactive mode	  Ericsson
R2-2007562	Potential TRS/CSI-RS occasion(s)	Nokia, Nokia Shanghai Bell	


	
RAN4 Contributions


	RAN4 #97-e Meeting

· General and work plan [NR_UE_pow_sav_enh]:
R4-2014366	Work plan of Rel-17 Power Saving Enhancements	MediaTek inc.
R4-2014367	Evaluation on Rel-17 RLM/BFD measurement relaxation	MediaTek inc.
R4-2014534	Evaluation assumptions for R17 RLM/BFD relaxation	vivo, MediaTek
R4-2014219	Discussion on feasibility and performance impact of RLM/BFD relaxation	Apple
R4-2014428	Discussion on RLM relaxition for NR power saving	CATT
R4-2014535	Discussion and initial results for R17 RLM/BFD relaxation	vivo
R4-2014654	Discussion on RRM measurement relaxation in connected mode for NR power saving enhancement	Xiaomi
R4-2014797	Discussion on RLM BFD measurement relaxation	OPPO
R4-2015199	Discussion about evaluation methodology for relaxation of RLM/BFD measurements   Nokia Solutions & Networks
R4-2015485	Preliminary discussion on RLM/BFD relaxation in power saving enhancements	Huawei, HiSilicon
R4-2016150	Discussions on UE power saving for RLM and BM	Ericsson
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