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Source:	Moderator (vivo)
[bookmark: _Hlk220835927]Title:	Summary#1 on 6GR DL WUS operation in RRC states
Agenda Item:	10.6.1.2
Document for:	Discussion and Decision
1. [bookmark: _Ref490222521]Introduction
This contribution summarizes the discussions on 6G DL WUS operation in RRC states in RAN1# 125.
2. Achieved agreements in #125
3. Proposals for online sessions
3.1. [bookmark: _Hlk229221374]Proposals for Tuesday online sessions
3.2. [bookmark: _Hlk227269478]Proposals for Thursday offline/online sessions
4. [bookmark: _Hlk221373793][bookmark: _Hlk220835737]Remaining issues on evaluation methodology
4.1. Remaining issues on evaluation methodology of EE processing
For paging rate for UE energy saving gain evaluation, [ZTE][vivo] propose to to reuse assumption as agreed in R19, namely, provide evaluation assumptions based on per UE paging rate, and then group paging rate can be calculated according to the number of UEs assumed in a group in the evaluation:
[bookmark: _Hlk229236340][bookmark: _Ref213435940][bookmark: _Ref220690757][bookmark: _Ref220690925][bookmark: _Hlk220095008][FL1]Proposal 4.1-1: For the paging rate per PO, assume per UE paging rate as RE, REF= 1%, 0.1%, 0.01% or 0.001% and YREF = 1.28s, and group paging rate RG can be determined as below:
-	RG = 1 – (1 – RE)N, where N is the number of UEs in the group
-	FFS: Value of N
Note:
-	For i-DRX with cycle duration Y second, 
-	Per UE paging probability RE = 1 – (1 – RE, REF )Y/YREF
-	For e-DRX with K i-DRX cycles duration, PTW duration of L i-DRX cycles, and an i-DRX cycle duration Y second
-	Per UE paging probability is
-	RE = 1 – (1 – RE, REF )(K-L+1)Y/YREF for the first i-DRX cycle within the PTW
-	RE = 1 – (1 – RE, REF )Y/YREF for each of the remaining L-1 i-DRX cycles within the PTW

	Company
	Y/N
	Comments

	
	
	

	
	
	


4.2.  Remaining issues on EE processing related power model
4.2.1. Power model for RRM measurement by EE processing
4.2.1.1. [bookmark: _Hlk229236308][bookmark: _Hlk229236645]Serving cell RRM measurement 
[Ericsson][Huawei][vivo] consider the agreed EE processing power model in previous agreements are applicable for processing SSB from one cell, e.g., the serving cell, for synchronization/measurement since it has the similar complexity as DL WUS of OFDM-based sequence.
[FL1]Proposal 4.2-1: The relative power values of EE processing are applied to the serving cell RRM measurement by EE processing. 
	[bookmark: _Hlk229415006]Company
	Y/N
	Comments

	
	
	

	
	
	



4.2.1.2. [bookmark: _Hlk229236691]Neighboring cell RRM measurement-intra-frequency measurement only 
Companies’ inputs are summarized as below:
· [HW]: 
[bookmark: OLE_LINK137]The RRM scaling factors for EE processing can be shown as below:
	[bookmark: OLE_LINK132]N: Number of cells for intra-frequency measurement
	Synchronous case
	Asynchronous case

	[bookmark: _Hlk227917797]N=8
	[bookmark: OLE_LINK133]1.5x
	1.7x

	N=4
	1.2x
	1.4x


· [ZTE]:
[bookmark: _Toc31776][bookmark: _Toc9422][bookmark: _Toc3758]For intra-frequency measurement in EE processing, the following can be considered for power modeling 
[bookmark: _Toc21348][bookmark: _Toc29464][bookmark: _Toc18]synchronous case with 4 cells: P*1.2
[bookmark: _Toc32672][bookmark: _Toc6328][bookmark: _Toc30669]synchronous case with 8 cells: P*1.5
[bookmark: _Toc31849][bookmark: _Toc19691][bookmark: _Toc25043]asynchronous case with 4 cells: P*1.4
[bookmark: _Toc13064][bookmark: _Toc17734][bookmark: _Toc20814]asynchronous case with 8 cells: P*1.7
[bookmark: _Toc8693][bookmark: _Toc25283][bookmark: _Toc22185]P is the power consumption of SSB measurement in EE processing.
· [Ericsson]: 5MHz, 1 Rx 
At least for deep sleep and ultra deep sleep case, power units around 30 or 40 can be assumed for multi-cell RRM measurements based on our estimation. For light sleep and micro sleep case, the scaling factor should be smaller because there are already more active components in these two sleep states.    

· [vivo]
	5MHz BW, 1Rx

	N: Number of cells for intra-frequency measurement
	Synchronous case, FR1

	
	Measurement by EE processing in deep sleep
	Measurement by EE processing in light sleep
	Measurement by EE processing in micro sleep
	scaling factor to the power of WUS detection

	N=4
	15
	12
	10
	1.0

	N=8
	19
	15
	13
	1.3



	5MHz BW, 2Rx

	N: Number of cells for intra-frequency measurement
	Synchronous case, FR1

	
	Measurement by EE processing in deep sleep
	Measurement by EE processing in light sleep
	Measurement by EE processing in micro sleep
	scaling factor to the power of WUS detection

	N=4
	21
	17
	14
	1.0 

	N=8
	26
	21
	18
	1.3


[MTK]
Under this model and assuming typical DL-WUS reception should be  8 symbols, the total measurement power in the synchronous N = 8 scenario evaluates as: P_meas = P_microsleep × S_antenna + P_EE × S_Ncell × (14/8), where S_antenna is the DL antenna scaling factor and S_Ncell is the N-cell overhead factor. For 1-RX: 45 × 0.6 + 10 × 1.5 × 14/8 = 27.0 + 26.3 ≈ 53 relative power units. For 2-RX: 45 × 0.7 + 14 × 1.5 × 14/8 = 31.5 + 36.8 ≈ 68 relative power units. The 1-RX value remains below one-third of the NR UE measurement power reference of 170 units [3], and the 2-RX value at approximately 40% of the NR reference confirms that the 6GR EE processing architecture delivers a meaningful power reduction. For the worst-case asynchronous N = 8 scenario (S_Ncell = 1.7×), the corresponding values are approximately 57 (1-RX: 45 × 0.6 + 10 × 1.7 × 14/8 = 27.0 + 29.8) and 73 (2-RX: 45 × 0.7 + 14 × 1.7 × 14/8 = 31.5 + 41.7) relative power units, still representing a substantial reduction relative to the NR measurement baseline of 170.
According to FL’s understanding, compared with serving cell measurement by EE processing, the additional complexity of intra-frequency measurement by EE processing mainly comes from the increased number of cells and the timing difference between serving cell SSB and neighboring cell SSB, for which time hypothesis will be performed in a corresponding time window. Therefore, for the synchronous case and with limited number of neighboring cells, the additional complexity will be well controlled. The synchronous case and asynchronous case are illustrated in below figures:
[image: ]

[image: ]
[bookmark: _Hlk229415215][FL1]Proposal 4.2-2: Scale EE processing power of intra-frequency measurement only as below:
	N: Number of cells for intra-frequency measurement
	Synchronous case

	N=8
	1.5x

	N=4
	1.2x


· All above values are slot-averaged power 
· [bookmark: _Hlk229838364]Synchronous case means actual SSB transmissions from cells are time-aligned e.g., timing of SSB i from cell i is aligned with timing of SSB i from cell j.
· FFS relative power values of asynchronous case

	Company
	Y/N
	Comments

	
	
	

	
	
	



4.2.1.3. Neighboring cell RRM measurement-intra-frequency measurement and cell search
[bookmark: _Hlk229405623][vivo]: 

	5MHz BW, 1Rx

	N: Number of cells for intra-frequency measurement & search
	Synchronous case, FR1

	
	Measurement by EE processing in deep sleep
	Measurement by EE processing in light sleep
	Measurement by EE processing in micro sleep
	scaling factor to the power of WUS detection

	[bookmark: _Hlk228437488]N=4
	20
	16
	13
	1.3

	N=8
	24
	20
	16
	1.6 

	[bookmark: _Hlk228468406]Note: Assume a list of 16 cell IDs is provided to UE, among which cell search is performed by EE processing



	5MHz BW, 2Rx

	N: Number of cells for intra-frequency measurement & search
	Synchronous case, FR1

	
	Measurement by EE processing in deep sleep
	Measurement by EE processing in light sleep
	Measurement by EE processing in micro sleep
	scaling factor to the power of WUS detection

	N=4
	27
	22
	18
	1.3

	N=8
	34
	28
	23
	1.6

	Note: Assume a list of 16 cell IDs is provided to UE, among which cell search is performed by EE processing



-	All above values are slot-averaged power 
-	Synchronous case means actual SSB transmissions from cells are time-aligned e.g., timing of SSBi from celli is aligned with timing of SSBi from cellj

Please refer to the discussion in subsection 6.2.3.2 on reducing the complexity of cell detection/identification. 
[FL1]Proposal 4.2-3: Scale EE processing power of the combined intra-frequency measurement and cell search as below:
	N: Number of cells for intra-frequency measurement
	Synchronous case

	N=8
	2x

	N=4
	1.7x

	Note: cell search (up to 16 cells) is performed by EE processing


· Synchronous case means actual SSB transmissions from cells are time-aligned e.g., timing of SSB i from cell i is aligned with timing of SSB i from cell j.
· FFS relative power values of asynchronous case

	[bookmark: _Hlk229415781]Company
	Y/N
	Comments

	
	
	

	
	
	



4.2.1.4. Neighboring cell RRM measurement-inter-frequency measurement only 
[bookmark: _Hlk229405704][bookmark: _Ref229151135][bookmark: _Hlk228458793][ZTE]
[bookmark: _Toc16818][bookmark: _Toc29872][bookmark: _Toc18989]For inter-frequency measurement in EE processing, the power consumption can be obtained by:
[bookmark: _Toc12794][bookmark: _Toc32264][bookmark: _Toc14215]P*N + Pt*Tt*(N+1)
[bookmark: _Toc17943][bookmark: _Toc26220][bookmark: _Toc28780]P is the power consumption of SSB measurement in EE processing in one frequency layer
[bookmark: _Toc14053][bookmark: _Toc30864][bookmark: _Toc17551]N is the number of frequency layers measured
[bookmark: _Toc5739][bookmark: _Toc2303][bookmark: _Toc5163]Pt is the switching power consumption, assume micro sleep power for Pt.
[bookmark: _Toc22522][bookmark: _Toc26322][bookmark: _Toc698]Tt is 0.5ms for FR1 and 0.25ms for FR2

[vivo]
Proposal 4: For the relative power of inter-frequency measurement only by EE processing, consider: 
[bookmark: _Hlk229415732][bookmark: _Hlk228460423]	Power for measurement only per frequency layer: Pfr1, i.e., the same as the synchronous case of intra-frequency cell measurement power under the assumed same number of cells
	FFS power for switch in/out of the frequency layer

[bookmark: _Hlk229415790][FL1]Question 4.2-1: Do you agree that the relative power value of one frequency layer of inter-frequency measurement only- synchronous case is the same as the relative power value of synchronous case of intra-frequency measurement by EE processing?
	Company
	Y/N
	Comments

	
	
	

	
	
	



4.2.2. Power scaling for light sleep
[bookmark: _Hlk224919778][vivo]: Adopt the same scaling factors for light sleep as micro sleep.
If there is no scaling for light sleep, the power consumption value of EE processing of 5MHz and 1Rx in light sleep will be larger than that of EE processing in micro sleep, e.g., 32 vs 31.6, which should be fixed. 
[FL1]Proposal 4.2-4 The following scaling w.r.t. DL antenna number is applied to light sleep:
	#RX antenna
	Scaling factor

	#RX = 1
	0.6

	#RX = 2
	0.7

	#RX = 4
	1.0

	#RX = 6
	1.4


· No scaling w.r.t. BW for light sleep

	Company
	Y/N
	Comments

	
	
	

	
	
	



4.2.3. Transition time and energy for ultra deep sleep
[vivo ] proposes that for the transition energy and transition time for entering/exiting ultra deep sleep, considering IoT UE has less device complexity than eMBB UE, it’s recommended to adopt the baseline of transition energy and transition time, i.e., (15000, 800ms) in TR38.869 for IoT UE. 
	Sleep type
	Additional transition energy:
(Relative power x  ms) 
	Total transition time** 

	Ultra deep sleep
	[40000]
Optional: 15000
	[1600] ms***
Optional: 800ms

	Deep sleep 
	450
	20 ms***

	Light sleep 
	100
	6 ms

	Micro sleep 
	0	
	0 ms*

	*	Immediate transition is assumed for power saving study purpose from or to a non-sleep state
**              Ramp-up time is no less than half of the total transition time
***            Time for sync/re-sync is not included



[FL1]Question 4.2-2: Consider that the transition energy and transition time (40000, 1600ms) may be large for certain case, do you support to further adopt transition energy and total transition time (15000, 800ms) as optional?

	Company
	Y/N
	Comments

	
	
	

	
	
	



5. 6GR DL WUS operation: general 
WUS operation for different device types
[Nokia][vivo][Huawei][Ericsson][Samsung][CMCC][CAICT][TCL][Lenovo][Sony][NICT][CATT][OPPO][Spreadtrum][Futurewei][Docomo][Qualcomm][LG][Google][Sharp][ETRI][ITRI][Kyocera][Nordic][WILUS][InterDigital][NEC][Panasonic][CEWiT] discuss that NR WUS is applicable to use cases such as IoT, wearables and eMBB. In 6GR, both eMBB and IoT devices desire high UE energy efficiency and thus, it is worthy to study 6GR DL WUS for both of them. To streamlinenetwork operations and specification effort, a unified DL WUS procedure design is recommended for both eMBB andIoT use cases.
6. 6GR DL WUS operation in RRC idle
6.1. [bookmark: _Hlk131094631]Power saving for paging 
6.1.1. [bookmark: _Hlk221374336]UE energy saving gain 

	
	Description

	HW
	DL WUS with RRM measurement by EE-processing vs PEI with RRM measurement by non EE processing

	SS
	DL WUS with serving cell RRM measurement by EE-processing vs PEI with serving cell RRM measurement by EE-processing

	Xiaomi-1
	DL WUS with serving cell RRM measurement by EE processing vs PEI with serving cell RRM measurement by non EE processing

	Xiaomi-2
	DL WUS with both inra-frequency and inter-frequency neighboring cell RRM measurements by EE processing vs PEI with both inra-frequency and inter-frequency neighboring cell RRM measurement by non EE processing

	CATT
	DL WUS vs PEI, not clear whether RRM measurement is performed by EE processing or non-EE processing

	vivo (deep sleep)
	DL WUS with both serving cell and neighboring cell RRM measurements by EE processing vs PEI with both serving cell and neighboring cell RRM measurement by non EE processing, UE perform deep sleep

	vivo (ultra deep sleep)
	DL WUS with both serving cell and neighboring cell RRM measurements by EE processing vs PEI with both serving cell and neighboring cell RRM measurement by non EE processing, UE perform ultra deep sleep

	Apple
	DL WUS with serving cell RRM measurement by EE processing vs PEI with serving cell RRM measurement by non EE processing



	
	Description

	SS
	DL WUS with serving cell RRM measurement by non-EE processing vs PEI with serving cell RRM measurement by non EE processing

	Apple
	DL WUS with serving cell RRM measurement by non-EE processing vs PEI with serving cell RRM measurement by non EE processing

	Nokia
	DL WUS with serving cell RRM measurement by non-EE processing vs PEI with serving cell RRM measurement by non EE processing



	
	Description

	HW
	DL WUS vs R15 paging mechanism

	vivo-1
	DL WUS with both serving cell and neighboring cell RRM measurements by EE processing vs I-DRX only with both serving cell and neighboring cell RRM measurement by non-EE processing, UE perform deep sleep

	vivo-2
	DL WUS with both serving cell and neighboring cell RRM measurements by EE processing vs I-DRX only with both serving cell and neighboring cell RRM measurement by non-EE processing, UE perform ultra deep sleep

	Ericsson-1
	DL WUS with serving cell RRM measurement by EE processing vs I-DRX only with serving cell RRM measurement by non-EE processing, UE perform deep sleep

	Ericsson-2
	DL WUS with serving cell RRM measurement by EE processing vs I-DRX only with serving cell RRM measurement by non-EE processing, UE perform ultra deep sleep

	Xiaomi-1
	DL WUS with serving cell RRM measurement by EE processing vs I-DRX only with serving cell RRM measurement by non EE processing

	Xiaomi-2
	DL WUS with both inra-frequency and inter-frequency neighboring cell RRM measurements by EE processing vs I-DRX only with both inra-frequency and inter-frequency neighboring cell RRM measurement by non EE processing

	Sony-1
	DL WUS with serving cell RRM measurement by EE processing vs I-DRX only with serving cell RRM measurement by non-EE processing

	Sony-2
	DL WUS with both serving cell and neighboring cell RRM measurement by EE processing vs I-DRX only with both serving cell and neighboring cell RRM measurement by non-EE processing

	Sony-3
	DL WUS with serving cell RRM measurement by EE processing and neighboring cell RRM measurement by non-EE processing vs I-DRX only with serving cell RRM measurement by EE processing and neighboring cell RRM measurement by non-EE processing




	
	Description

	Nokia(SSB 20ms)
	DL WUS with serving cell RRM measurement by non-EE processing vs I-DRX only with serving cell RRM measurement by non-EE processing, SSB periodicity is 20ms.

	Nokia(SSB 40ms)
	DL WUS with serving cell RRM measurement by non-EE processing vs I-DRX only with serving cell RRM measurement by non-EE processing, SSB periodicity is 40ms.

	Nokia(SSB 80ms)
	DL WUS with serving cell RRM measurement by non-EE processing vs I-DRX only with serving cell RRM measurement by non-EE processing, SSB periodicity is 80ms.

	Nokia(SSB 160ms)
	DL WUS with serving cell RRM measurement by non-EE processing vs I-DRX only with serving cell RRM measurement by non-EE processing, SSB periodicity is 160ms.

	Sony-1
	DL WUS with serving cell RRM measurement by non-EE processing vs I-DRX only with serving cell RRM measurement by non-EE processing

	Sony-2
	DL WUS with both serving cell and neighboring cell RRM measurement by non-EE processing vs I-DRX only with both serving cell and neighboring cell RRM measurement by non-EE processing



[FL1]Observation 6.1.1-1: For DL WUS waking up UE for paging purpose, the following is observed:
· Compared with I-DRX with PEI and RRM measurement by EE processing, up to 52.5% UE energy saving gain can be attained when UE is assumed in deep sleep, and 22% UE energy saving gain can be attained when UE is assumed in ultra deep sleep.
· Compared with I-DRX with PEI and RRM measurement by non- EE processing, up to 22% UE energy saving gain can be attained when UE is assumed in deep sleep.
6.1.2. WUS monitoring occasions
WUS monitoring periodicity: 
· WUS monitoring periodicity is same with paging periodicity: [Ericsson][CATT]
WUS monitoring occasions:
· WUS is monitored per paging cycle in one time occasion includes one or more (continuous) WUS monitoring occasions: [Nokia]
TDMed or FDMed WUS occasions 
[bookmark: _Toc9987][bookmark: _Toc944][bookmark: _Toc7174][ZTE]: FDM WUS occasions can save NW energy and increase the number of WUS monitoring occasions. FDM WUS occasion can be considered for group-based WUS.
[bookmark: _Hlk229418102][vivo]: Take TDMed WUS monitoring occasion as baseline in 6GR. FFS the necessity of FDMed WUS monitoring occasion.
[CATT]: The FDMed DL WUS monitoring occasion combined with the TDMed DL WUS occasion can be considered to reduce system overhead and the payload requirement of the DL WUS design in 6GR.
[CMCC]: Study the feasibility and benefit of FDMed LOs in addition to TDMed LOs from the perspective of network energy saving and UE power saving.
[LGE]: Consider multiple WUS monitoring occasions in frequency domain.
[DCM]: Study FDMed DL WUS monitoring occasions for better network energy saving.
[Lenovo]: Evaluate multiple FDMed LPWUS blocks to reduce network power consumption.

[bookmark: _Hlk229477227][FL1]Proposal 6.1.2-1: Study TDMed WUS monitoring occasions per WUS monitoring periodicity as baseline in 6GR from UE perspective at least in RRC idle. 
· FFS the necessity of FDMed WUS monitoring occasions from UE and/or network perspective.

	[bookmark: _Hlk229418691]Company
	Y/N
	Comments

	
	
	

	
	
	



6.1.3. Association between WUS monitoring occasion and PO
[HW]: For RRC idle state, study clustered DL WUS and PO in one SSB periodicity, where DL WUS can indicate PO numbers with actual paging message, and PO location can be dynamically determined by DL WUS.
[image: ]
(a)	5G paging procedure
[image: ]
(b)	6G paging procedure
[ZTE]: The association between WUS monitoring occasion and PO should be studied based on multiplex method of WUS monitoring occasion.
	[image: ]
	(a)	Only TDM WUS

	[image: ]
	(b)	Only FDM WUS

	[image: ]
	(c)	TDM+FDM WUS


Figure 4. Examples of association between WUS monitoring occasion and PO
[MTK]:
Support flexible paging occasion with WUS-based paging indication as a baseline 6G feature, enabling deeper BS sleep states.
[bookmark: _Hlk229418930]Companies are encouraged to provide more inputs for this: 
	Company
	Comments

	
	

	
	



6.1.4. UE behaviors after waking-up
· Paging PDCCH and PDSCH [Qualcomm][Apple][vivo][samsung][Ericsson] [Nokia][CATT] [Sharp][LGE][ETRI][Spreadtrum]
· PDCCH only or PDSCH only [Huawei]
· UE specific DCI (e.g. PDCCH order DCI) without receiving paging PDSCH [ZTE]
· Companies are encouraged to provide more inputs for this: 
	Company
	Comments

	
	

	
	



6.1.5. Distributed PO/PF and clustered PO/PF
[samsung]: study DL WUS procedure to trigger either distributed PO and clustered PO in RRC IDLE state: 
[futurewei]: 6GR DL WUS can use one or two information bits to indicate paging cluster pattern, i.e., switching between sparse paging occasions/frames distribution, densely clustered distribution, and grouped/shared paging occasions/frames according to paging/traffic characteristics. 
[CMCC]: It is recommended that 6GR study: A single DL wake-up scheme for RRC IDLE state that can accommodate both distributed PO and clustered PO triggering via DL WUS.
[CEWiT]: Study DL WUS signal optimization for both distributed and clustered PO configurations.
[Wilus]: Study PO/PF Structure Design: Distributed and clustered PO/PF structures, leaving the dynamic adaptation of N_group for further study.
[image: ]
Companies are encouraged to provide more inputs for this: 
	Company
	Comments

	
	

	
	



6.1.6.  Additional synchronization/reference signals prior paging occasion 
· Additional synchronization/reference signals prior paging occasion(s) to reduce latency for DL WUS triggered paging reception [Nokia][vivo][Apple][TCL][Spreadtrum][CATT][OPPO][BYD][xiaomi]
Companies are encouraged to provide more inputs for this: 
	Company
	Comments

	
	

	
	



6.1.7. Multiple beam operation
[Huawei]: Multiple beams of DL WUS should be supported in RRC idle state.
[ZTE]: SSB can be used as QCL assumption for both group-based WUS and UE specific WUS as a starting point.
[CMCC]: Study how to support multi-beam operation for 6GR DL WUS in idle/inactive mode
[IDC]: Support beam-based operation for DL-WUS monitoring.
[Kyocera] Auxiliary information or implicit rules can be used to narrow the candidate beams and simplify beam management after wake-up.
[Wilus]: A multi-beam K×M monitoring occasion structure based on legacy LP-WUS, including a study on setting an upper bound for K×M to prevent excessive power consumption.
Companies are encouraged to provide more inputs for this: 
	Company
	Comments

	
	

	
	



6.1.8. [bookmark: _Hlk229242386]Same or different carriers for DL WUS and paging 
[bookmark: _Hlk229246861][bookmark: _Hlk229246867]Same carrier for DL WUS and paging:[Ericsson][vivo][samsung](as baseline) 
· Complications and the unclear gains [Ericsson]
· No limitation to support DL-WUS operating in all bands/carriers where non-EE processing operates. Less motivation to consider different bands/carriers for DL WUS and paging is found from the UE side. [vivo]
· single-receiver assumption for DL WUS and paging monitoring [samsung]
Different carriers for DL WUS and paging: [samsung][IDC][ZTE]
· To optimize network resource efficiency, RAN1 can further evaluate the feasibility of supporting separate carriers for DL WUS and paging. [samsung]
· Support flexible configuration of DL-WUS monitoring allowing intra- and inter-band LR and MR operations.[IDC]
· If CA framework in idle/inactive state is supported, how the WUS operate with multi-carrier/cell
should be studied including cross cell wake-up. [ZTE]
RAN1 should have an early decision/consensus on whether DL WUS operation is supported in all the bands supported by 6G UEs:  [Vodafone, Deutsche Telekom, Orange]

[FL1]Question 6.1.9-1: Do you agree that DL WUS operation is supported in all the bands/carriers  supported by 6G UEs if DL WUS operation is supported at least for RRC idle?
 
	Company
	Y/N
	Comments

	
	
	

	
	
	



6.2. [bookmark: _Ref209729594][bookmark: _Hlk226209013][bookmark: _Hlk226209265]Power saving for RRM measurement by EE processing 
6.2.1. [bookmark: _Hlk226209488][bookmark: _Hlk226209296][bookmark: _Hlk226209278]Evaluation assumptions
	Company
	Assumption
	Note

	Nokia
	· 4 SSBs were assumed and two MOs for WUS monitoring
· The number of subgroups used for WUS is 32, and per PO paging probability was 1%
· Intra-frequency measurements are carried out either using either
o Based on the legacy power consumption assumption
▪ For serving cell measurements, l SSB slot power consumption was assumed, with scaling down
due to BW reduction (≤25%) and 2 RX antennae: 56 units
▪ Intra-frequency measurements were done assuming 84 units (at ≤25% with two RX antennae), if
applied
o Based on EE processing consumption, when measurements are assumed to be done in EE processing state
▪ Serving cell, and intra-frequency neigbour cell measurements were done assuming, full slot EE processing consumption 15 units and additional energy of 15 units
o No inter-frequency measurements or intra/inter-frequency cell search was considered.
• For paging monitoring depending on the SNR level, either 1, 2, or 3 SSBs are used before PDCCH/PDSCH reception.
	· No cell search is assumed for both EE and non-EE
· No inter-F measurement for both EE and non-EE
· Serving cell, and intra-frequency neigbour cell measurements were done assuming, full slot EE processing consumption 15 units and additional energy of 15 units

	Apple 
	[image: ]
	· EE processing for WUS/SSB: 15 (with additional transition energy of 15)

	vivo
	[image: ]
	· No cell search is assumed for both EE and non-EE
· No inter-F measurement for both EE and non-EE



6.2.2. Serving cell RRM measurement by EE processing
6.2.2.1. [bookmark: _Hlk226209511]UE energy saving gain
	[bookmark: _Hlk226572398]

	


	


[bookmark: _Ref224412105][bookmark: _Hlk225938039]
For better collecting results and obtaining observations based on results provided by companies , FL suggests the following cases for further consideration and evaluation. 
[bookmark: _Hlk229840903] [FL1]Proposal 6.2.2-1: For collection of UE energy saving gain results for serving cell RRM measurement by EE processing in RRC idle, companies are encouraged to consider the following cases:
· Case 1:No neighboring cell RRM measurement
· At least Case 1-6 vs case 1-3 is encouraged to be provided.
	Case
	Serving cell RRM measurement
	Neighboring cell RRM measurement
	Paging monitoring

	[bookmark: _Hlk227186517]Case1-1
	Non-EE processing
	Not applicable
	I-DRX with PEI

	Case1-2
	Non-EE processing
	Not applicable
	I-DRX without PEI

	Case 1-3
	Non-EE processing
	Not applicable
	I-DRX with DL-WUS

	Case 1-4
	EE processing
	Not applicable
	I-DRX with PEI

	Case 1-5
	EE processing
	Not applicable
	I-DRX without PEI

	Case 1-6
	EE processing
	Not applicable
	I-DRX with DL-WUS

	Note1: for each case, if ‘ith relaxation’is not noted, measurement is assumed to be performed every I-DRX cyle.
Note2: Neighboring cell RRM measurement includes at least intra-frequency measurement, inter-frequency measurement is up to company report. How neighboring cell RRM measurement is performed by EE processing is up to companies’ report, including power consumption.
Note3: Effective waking up rate is up to company report, e.g., <= 1%
Note4: Assumed sleep state is up to company report.



· Case 2: For UE with relaxed neighboring cell RRM measurment
· [bookmark: _Hlk227592754]At least Case 2-6 vs case 2-3 is encouraged to be provided.
	Case
	Serving cell RRM measurement
	Neighboring cell RRM measurement
	Paging monitoring

	Case 2-1
	Non-EE processing
	Non-EE processing with relaxation.e.g., 4 times or 16 times
	I-DRX with PEI

	Case 2-2
	Non-EE processing
	Non-EE processing with relaxation.e.g., 4 times or 16 times
	I-DRX without PEI

	Case 2-3
	Non-EE processing
	Non-EE processing with relaxation.e.g., 4 times or 16 times
	I-DRX with DL-WUS

	Case 2-4
	EE processing
	Non-EE processing with relaxation.e.g., 4 times or 16 times
	I-DRX with PEI

	Case 2-5
	EE processing
	Non-EE processing with relaxation.e.g., 4 times or 16 times
	I-DRX without PEI

	Case 2-6
	EE processing
	Non-EE processing with relaxation.e.g., 4 times or 16 times
	I-DRX with DL-WUS

	Note 1: for each case, if with relaxation is not noted, measurement is assumed to be performed every I-DRX cyle.
Note 2: Neighboring cell RRM measurement includes at least intra-frequency measurement, inter-frequency measurement is up to companies’ report. How neighboring cell RRM measurement is performed by EE processing is up to companies’ report, including power consumption.
Note3: Effective waking up rate is up to company report, e.g., <= 1%
Note4: Assumed sleep state is up to company report.


· Case 3: For UE with full neighboring cell RRM measurement
· At least Case 3-6 vs case 3-3 is encouraged to be provided.
	Case
	Serving cell RRM measurement
	Neighboring cell RRM measurement
	Paging monitoring

	Case 3-1
	Non-EE processing
	Full measurement by non-EE processing
	I-DRX with PEI

	Case 3-2
	Non-EE processing
	Full measurement by non-EE processing
	I-DRX without PEI

	Case 3-3
	Non-EE processing
	Full measurement by non-EE processing
	I-DRX with DL-WUS

	Case 3-4
	EE processing
	Full measurement by non-EE processing
	I-DRX with PEI

	Case 3-5
	EE processing
	Full measurement by non-EE processing
	I-DRX without PEI

	Case 3-6
	EE processing
	Full measurement by non-EE processing
	I-DRX with DL-WUS

	Note 1: for each case, if with relaxation is not noted, measurement is assumed to be performed every I-DRX cyle.
Note 2: Neighboring cell RRM measurement includes at least intra-frequency measurement, inter-frequency measurement is up to companies’ report. How neighboring cell RRM measurement is performed by EE processing is up to companies’ report, including power consumption.
Note3: Effective waking up rate is up to company report, e.g., <= 1%
Note4: Assumed sleep state is up to company report.


[bookmark: OLE_LINK1]Furthermore, to reduce the evaluation workload, would you please provide the cases that should be prioritized in your opinion as well as the cases that can be removed?

	Company
	Y/N
	Comments

	
	
	



6.2.2.2. [bookmark: _Hlk229425648]Feasibility and impact on the EE processing complexity 
[bookmark: _Hlk226213913][bookmark: _Hlk225869096][Huawei][vivo] discuss that in 5G LP-WUS feature, LR can perform serving cell measurement. [vivo] considers timing and PSS/SSS information for serving cell is already available, thus, the complexity of serving cell measurement by EE processing beyond synchronization just involves RSRP/RSRQ calculation. [Huawei] considers it is straightforward to conclude that the EE processing for performing serving cell RRM measurement is both feasible and beneficial for 6G DL WUS.
[bookmark: _Hlk226826488][bookmark: _Hlk226464686][FL1]Observation 6.2.2-1: The additional complexity of serving cell RRM measurement by EE processing on top of synchronization by EE processing is marginal. 
[bookmark: _Hlk229424502][FL1]Proposal 6.2.2-1: Serving cell RRM measurement by EE processing is feasible from complexity and power perspective. 
· [bookmark: _Hlk229424695]FFS the achievable SINR/SNR and accuracy

	[bookmark: _Hlk229425003]Company
	Y/N
	Comments

	
	
	

	
	
	



6.2.2.3. [bookmark: _Hlk229392482]Coverage and accuracy
[bookmark: _Hlk226214807][Ericsson]: no frequency conpensation is considered
[image: ]
	Simulation parameters
	Values

	Carrier frequency for Cell 1 and Cell 2
	4 GHz

	System bandwidth
	5 MHz

	Prior knowledge of Cell 1 / Cell 2 by the UE
	No 

	BS transmit antennas for SS blocks
	1 tx 

	UE receive antennas
	1 rx /2 rx 

	Measurement period (in number of measurement samples)
	3

	Subcarrier spacing
	30 kHz

	Number of SS blocks per SS burst set, K
	3

	SSB periodicity within burst
	5 ms

	SSB burst periodicity
	160ms

	Es/IoT
	-6dB

	Frequency offset
	5ppm

	Channel model
	TDL-C

	UE speed
	3km/h



Observation 4 Based on the preliminary results, with 1Rx and [1, 2, 5] ppm CFO assumption, EE
processing can achieve around [2.5, 3.2, 9.5] dB RSRP accuracy using 4 SSBs in a
burst with 160ms SSB periodicity.
Observation 5 Based on the preliminary results, EE processing may not achieve 2dB RSRP
accuracy. The accuracy might be improved by considering frequency error
compensation schemes on EE processing mode. Another option is to consult RAN4 for possibility of relaxed RSRP accuracy requirement for EE processing state.
[Apple]
Table 3 Evaluation assumptions for RRM measurement
	[bookmark: _Hlk229424730]Carrier frequency
	3.5 GHz

	WUS SCS
	30 kHz

	Channel model 
	TDL-C, 300 ns delay spread

	UE velocity 
	3km/h

	PSS/SSS
	NR PSS/SSS

	Impairment modelling
	TO: 2us
FO: 2ppm

	Number of Rx antennas
	1, 2

	Number of samples for RSRP measurement averaging
	1, 2, 3, 4

	SNR
	-6 dB, -8 dB



The accuracy (defined as the larger of abs(5%-ile) and abs(95%-ile)) for these cases are summarized in Table 4.
In terms of the SNR side condition to be used for RRM measurement, since we are studying it for both serving cell and neighbor cell, the NR side condition of -6 dB can be used as one reference point. In addition, for DL WUS design, we have agreed to use common PDCCH AL8 4Rx as the coverage target. This corresponds to SNR of -6.4 dB. This is why we choose -6 dB (to compare with NR) and -8 dB as the two SNR values for evaluation.
There are two RSRP accuracy requirements from NR that we may use as a reference:
	Case 1: Intra-frequency RSRP accuracy requirements for FR1, connected mode, including serving cell and neighbor cell (TS 38.133 Clause 10.1.2.1.1)
o	+/- 4.5 dB for -6 dB SNR
	Case 2: Intra-frequency RSRP accuracy requirements for FR1 for CA/DC Idle Mode Measurements, for serving cell (TS 38.133 Clause 10.1.2B.1.1)
o	+/- 6 dB for -4 dB SNR
For NR RSRP accuracy requirements, there is roughly 2 dB margin for RF and 1 dB margin for BB. This means that the BB RSRP measurement error from the simulations should be +/- 1.5 dB for Case 1, and +/- 3 dB for Case 2. If we use the tighter requirements from Case 1 as the criterion, the cases that satisfy +/- 1.5 dB accuracy are highlighted in green in Table 4. Case 1 is for connected mode, and we should be able to relax it for idle mode. Assuming +/- 3 dB requirement from Case 2, the additional cases that satisfy this criterion is highlighted in yellow.
Table 4 Summary of RSRP measurement accuracy for different cases
	
	SNR = -6 dB
	SNR = -8 dB

	# of samples
	1 Rx
	2 Rx
	1 Rx
	2 Rx

	1
	2.7 dB
	1.8 dB
	4 dB
	2.7 dB

	2
	1.7 dB
	1.3 dB
	2.6 dB
	2 dB

	3
	1.4 dB
	1.1 dB
	2.1 dB
	1.6 dB

	4
	1.2 dB
	0.94 dB
	1.8 dB
	1.5 dB



[vivo]:
Table 23: Evaluation Assumptions for RSRP and SINR measurement
	Attributes
	Assumptions

	Carrier Frequency
	7GHz

	SCS
	30kHz

	gNB Channel BW 
	20MHz (50 RBs)

	Cell ID
	Random 

	SINR/SNR
	SINR = -6 or -7.1 for RSRP measurement
SNR = -7.1 for SINR measurement

	Inter-cell interference
	3dB higher than measured cell.

	Filter 
	5th Order Butterworth with 3.96MHz bandwidth 

	ADC bit width
	8-bit ADC

	Sampling Rate
	7.68MHz 

	Channel Model
	AWGN

	Timing and frequency error
	Residue CFO up to 2 ppm 
residue timing offset up to 12.8 us

	Receiver
	OFDM receiver without FFT


[bookmark: _Ref229144584]
Table 11: Evaluation results for RSRP accuracy with the number of PSS/SSS
	Channel
	SINR
	Required accuracy
	2Rx

	
	
	
	Required Sample Number

	AWGN
	-7.1dB
	3dB
	1 sample


It is observed that the RSRP accuracy within ±3dB @SINR=-7.1dB can be achieved by EE processing based on 1 SSB sample with 2Rx in AWGN channel. 
[bookmark: _Ref226129992]Observation 15: For intra-frequency neighbor cell measurement by EE processing, RSRP accuracy within ±3dB @SINR=-7.1dB can be achieved based on 1 SSB sample with 2Rx in AWGN channel.
[bookmark: _Hlk229425781][FL1]Proposal 6.2.2-2: At least the following assumptions are made for evaluating the achievable SINR/SNR and accuracy for serving cell RRM measurement for both RRC idle and RRC connected by EE processing.
	Carrier frequency
	3.5 GHz, 7GHz

	WUS SCS
	30 kHz

	Channel model 
	TDL-C, 300 ns delay spread

	UE velocity 
	3km/h

	PSS/SSS
	NR PSS/SSS

	Impairment modelling
	Residual TO: [2]us
Residual CFO: [2]ppm

	Number of Tx antennas
	1

	Number of Rx antennas
	1, 2

	Number of samples for RSRP measurement averaging
	1, 2, 3, 4

	SNR
	[-6 dB, -7dB, -8 dB]

	Inter-cell interference
	3dB higher than measured cell.



	Company
	Y/N
	Comments

	
	
	

	
	
	



6.2.3. Neighboring cell RRM measurement by EE processing
6.2.3.1. UE energy saving gain 

	

	
	Description

	Xiaomi-7
	Serving cell RRM measurement by EE processing + neighbor cell RRM measurement by non-EE processing + I-DRX only vs Serving cell RRM measurement by EE processing + neighbor cell RRM measurement by non-EE processing with relaxation of 4 times + I-DRX only

	Xiaomi-8
	Serving cell RRM measurement by EE processing + neighbor cell RRM measurement by non-EE processing + I-DRX only vs Serving cell RRM measurement by EE processing + neighbor cell RRM measurement by non-EE processing with relaxation of 16 times + I-DRX only

	Xiaomi-9
	Serving cell RRM measurement by EE processing + neighbor cell RRM measurement by EE processing + I-DRX only vs Serving cell RRM measurement by EE processing + neighbor cell RRM measurement by non-EE processing + I-DRX only

	E///-1
	Serving cell RRM measurement by EE processing + neighbor cell RRM measurement by EE processing vs Serving cell RRM measurement by non-EE processing + inter-f neighbor cell RRM measurement with relaxation of 3 times, UE perform deep sleep

	E///-2
	Serving cell RRM measurement by EE processing + neighbor cell RRM measurement by EE processing vs Serving cell RRM measurement by non-EE processing + inter-f neighbor cell RRM measurement with relaxation of 3 times, UE perform ultra deep sleep

	E///-3
	Serving cell RRM measurement by EE processing + neighbor cell RRM measurement by EE processing vs Serving cell RRM measurement by non-EE processing + neighbor cell RRM measurement without relaxation, UE perform deep sleep

	E///-4
	Serving cell RRM measurement by EE processing + neighbor cell RRM measurement by EE processing vs Serving cell RRM measurement by non-EE processing + neighbor cell RRM measurement without relaxation, UE perform ultra-deep sleep



For better collecting results and obtaining observations based on results provided by companies , FL suggests the following cases for further consideration and evaluation:
[bookmark: _Hlk229425978] [FL1]Proposal 6.2.3-1: For collection of UE energy saving gain results for neighboring cell RRM measurement by EE processing in RRC idle, companies are encouraged to consider the following cases:
	Case
	Serving cell RRM measurement
	Neighboring cell RRM measurement
	Paging monitoring

	[bookmark: _Hlk229425514][bookmark: _Hlk229935585]Case 1-1
	EE processing
	Non-EE processing
	I-DRX with PEI 

	Case 1-2
	EE processing
	Non-EE processing
	I-DRX with DL-WUS

	Case1-3
	EE processing
	Non-EE processing with relaxation.e.g., 4 times or 16 times
	I-DRX with PEI 

	Case 1-4
	EE processing
	Non-EE processing with relaxation.e.g., 4 times or 16 times
	I-DRX with DL-WUS

	Case 1-5
	EE processing
	EE processing
	I-DRX with PEI 

	Case 1-6
	EE processing
	EE processing
	I-DRX with DL-WUS

	Note1: for each case, if ‘ith relaxation’is not noted, measurement is assumed to be performed every I-DRX cyle.
Note2: Neighboring cell RRM measurement includes at least intra-frequency measurement, inter-frequency measurement is up to company report. How neighboring cell RRM measurement is performed by EE processing is up to companies’ report, including power consumption.
Note3: Effective waking up rate is up to company report, e.g., <= 1%
Note4: Assumed sleep state is up to company report.


Furthermore, to reduce the evaluation workload, would you please provide the cases that should be prioritized in your opinion as well as the cases that can be removed?

	[bookmark: _Hlk227167992]Company
	Y/N
	Comments

	
	
	

	
	
	

	
	
	


6.2.3.2. Feasibility and impact on the EE processing complexity 
· Complexity of cell detection/identification
· [bookmark: _Hlk229389051][Apple] cell search/identification is computationally intensive and time-consuming.   
· [vivo] A limited cell list, e.g.16, and a limited time window i.e., synchronous case providing limited number of hypotheses, can help to reduce complexity EE processing for cell identification.
· [bookmark: _Hlk229426010][Mediatek] The feasibility of neighboring cell measurement by EE processing should first be studied under simplified conditions – limited number of neighboring cells and sufficient RSRP separation – without requiring SIC processing, to establish the EE processing power budget boundary.
· Complexity of measurement related information/configuration storage
· [bookmark: _Hlk229389063][Apple] Measurement configuration needs to be stored
· [Huawei] the neighbor cell RRM measurement related configurations need to be buffered
· Complexity of control logic
· [Apple] control mechanism needs to be in place to control when to measure which frequency/cell.
Further regarding the cell detection/identification:
· [Nokia]: Study further the alternatives of assuming that cell search can performed in (advanced) EE processing state or waking the UE to full active state to perform the cell search infrequently.
· [vivo]: Proposal 5: For asynchronous case of intra-frequency and inter-frequency case, cell search can be performed by non-EE processing, and for the identified cells, measurement can be performed by EE processing  with power consumption Pfr1, i.e., the same as the synchronous case of intra-frequency cell measurement power under the assumed same number of cells.

[bookmark: _Hlk229426292][bookmark: _Hlk229472552][FL1]Proposal 6.2.3-2: Study intra-frequency neighboring cell RRM measurement by EE processing, including:
· Cell detection/identification is performed:
· Alt 1: by EE processing 
· Alt 2: by non-EE processing
· [bookmark: _Hlk229426125][bookmark: _Hlk229426118]To limit the number of neighboring cells for cell detection/identification and/or measurement
· [bookmark: _Hlk229931455][bookmark: _Hlk229932068]To limit time window size for cell detection/identification and/or measurement, e.g., synchronous case with several micro seconds

	Company
	Y/N
	Comments

	
	
	

	
	
	

	
	
	



[bookmark: _Hlk229930485][FL1]Proposal 6.2.3-3: Study inter-frequency neighboring cell RRM measurement by EE processing, including:
· Cell search/identification is performed:
· Alt 1: by EE processing 
· Alt 2: by non-EE processing
· To limit the number of frequency layers for cell detection/identification and/or measurement
· To limit the number of neighboring cells for cell detection/identification and/or measurement per frequency layer
· [bookmark: _Hlk229932043]To limit time window size for cell detection/identification and/or measurement
	[bookmark: _Hlk229931296]Company
	Y/N
	Comments

	
	
	

	
	
	

	
	
	



6.2.3.3. Coverage and accuracy
· Summary on Evaluation results: 
· TDL-C channel
· [Ericsson] (Es/IoT=-6dB): 
· Based on the preliminary results, with 2Rx and 5ppm CFO assumption, EE processing can achieve 2dB RSRP accuracy using 3 SSBs in a burst with 160ms SSB periodicity.
· Based on the preliminary results, with 1Rx and 5ppm CFO assumption, EE processing may not achieve 2dB RSRP accuracy using 3 SSBs in a burst with 160ms SSB periodicity. The accuracy might be improved by considering smaller CFO values.
· [Apple] The evaluation results show that with the assumption of 2us TO and 2ppm FO
· For SNR = -6 dB, RSRP measurement accuracy of +/- 1.5 dB can be achieved with 3-sample averaging with 1 Rx, or 2-sample averaging with 2 Rx; RSRP measurement accuracy of +/- 3 dB can be achieved with a single sample with either 1 Rx or 2 Rx.
· For SNR = -8 dB, RSRP measurement accuracy of +/- 1.5 dB can be achieved with 4-sample averaging with 2 Rx, and more samples with 1 Rx; RSRP measurement accuracy of +/- 3 dB can be achieved with 2-sample averaging with 1 Rx, or a single sample with 2 Rx.
· AWGN channel
· [vivo]: 
Observation 11: For intra-frequency neighbor cell measurement by EE processing, RSRP accuracy within ±3dB @SINR=-9.1dB can be achieved based on 1 SSB sample with 2Rx in AWGN channel.
· [OPPO]: 
	Measurement
	Channel
	SINR
	Required accuracy
	Number of samples

	w/ EE processing
	AWGN
	-6dB
	2.79dB
	[bookmark: OLE_LINK1_1]1 sample

	w/o EE processing
	
	
	1.63dB
	




For evaluation assumptions, it is covered by Proposal 6.2.2-2

6.3. [bookmark: _Hlk227588263]Power saving for functionalities other than paging and RRM measurement
Companies also discuss to study the following new functionalities potentially to be indicated by DL WUS:
· [bookmark: _Hlk229426951]SI updates and ETWS/CMAS indication [Huawei][Nokia][Spreadtrum][CATT][LGE][Docomo] [WILUS][Ofinno][samsung]
· [bookmark: _Hlk221029886]System information delivery indication, e.g. for indicating the delivery of bradcast or on-demand system information [Nokia]
· Cell common signals transmission manner indication, e.g., whether it is clustered or distributed  [Nokia][LGE]
· If CA framework in idle/inactive state is supported, how the WUS operate with multi-carrier/cell [ZTE]
· Cell DTX/DRX pattern adaptation [NEC][CATT][LG][Futurewei][Ofinno]
· PRACH resource adaptation [Spreadtrum][LGE][CATT]
· waking-up UE to receive 6G synchronization signal [TCL][Spreadtrum]
· Dynamic PO or flexible PO [Nokia] [MTK][Sharp]
· PO adaptation[Samsung]
· Small data transmission[CMCC][ZTE][Spreadtrum]: To avoid uplink activity for DL small data, [CMCC] propose to study DL WUS to bring group/UE ID and small data together with two alternatives
· Alt 1: the DL WUS can be used to bring group/UE ID and small data together.
· Alt 2: the DL WUS can be used to bring group/UE ID and trigger UE to receive small payload packet.
· [bookmark: _Hlk221271799]DL WUS can be used for more efficient paging procedure, e.g., DL WUS can indicate PO numbers actually have paging message [Huawei]

[image: ]
· (a)	5G paging procedure
[image: ]
· (b)	6G paging procedure
· [bookmark: _Hlk229427081]Flexible paging occasion with WUS-based paging indication [Mediatek]
Further, [Huawei] propose to study possibility of using DL WUS to support functionalities other than wake-up, if beneficial. Considering the following aspects:
· Power impact both from network side and device side.
· Benefits of moving these functionalities from their legacy signal to 6G DL WUS.
· Coverage performance.
· Number of bits needed to carry the functionality.
[bookmark: _Hlk226826237][bookmark: _Hlk227588296]Companies are encouraged to provide your views on the new functionalities, e.g., power impact, benefits of moving these functionalities from their legacy signal to 6G DL WUS, and other merits if any
[bookmark: _Hlk229426668][bookmark: _Hlk229426591]Study the energy saving for UE and BS, benefits of moving these functionalities from their legacy signal to 6GR OFDM sequence based DL WUS, for the following functionalities to be carried by 6GR OFDM sequence based DL WUS:
[FL1]Proposal 6.3-1: RAN1 study the necessity and benefits of 6GR OFDM sequence based DL WUS for at least the following functionalities in RRC idle:
· SI updates and ETWS/CMAS indication 
· System information delivery status indication, e.g. for indicating the delivery of broadcast or on-demand system information 
· Cell common signals transmission manner indication, e.g., whether it is clustered or distributed  
· PRACH resource adaptation
· Flexible PO indication
· Small data transmission
· Additional synchronization/reference signals

	[bookmark: _Hlk229841590]Company
	Y/N
	Comments

	
	
	

	
	
	

	
	
	



7. [bookmark: _Hlk221268733]6GR DL WUS operation in RRC connected
7.1. [bookmark: _Toc189898379][bookmark: _Toc189288950]DL WUS triggering PDCCH monitoring 
	Agreement@RAN1#124 meeting
Study 6GR DL WUS triggering PDCCH monitoring with and without C-DRX in RRC connected state, considering at least:
· UE energy saving gain
· Impact to UPT, if applicable
· Impact to latency, if applicable
· Impact to QoS/delay budget satisfaction rate, if applicable
· Network overhead/complexity
· Network energy consumption
· Other impacts, if any 



Evaluation on UE energy saving for WUS triggering PDCCH monitoring in connected state 




Summary Table on assumptions for above simulation results
	Company
	Baseline
	DL WUS scheme

	Apple
	C-DRX + R16 WUS (DCP) + cross-slot scheduling + R17 PDCCH skipping (8 slot)
	· 6G WUS replaces R16 DCP + 6G WUS is also enabled during C-DRX ON duration with different MR sleep state (deep or light or micro sleep)

	HW
	C-DRX (160,8,100) for FTP
C-DRX (320,8,100) for IM
	· MR enters micro/light/deep sleep with WUS monitoring periodicity < DRX cycle 
· [bookmark: _Hlk229840262]MR enters micro/light/deep sleep with WUS monitoring periodicity = DRX cycle

	MTK
	C-DRX (40,8,10) for VoIP
C-DRX (160,8,100) for FTP
C-DRX (320,8,100) for IM
	· For VoIP traffic, with WUS monitoring period of 10ms (1/4 of the DRX cycle) and 10ms UE wake-up delay
· For FTP traffic, applying WUS monitoring during PDCCH skip duration.
· For IM traffic, Enhancement 1 (Modified C-DRX for WUS) and Enhancement 2 (WUS-assisted PDCCH skipping) are complementary.

	QC
	C-DRX (160,8,100), (20,1,10)
DL WUS with dense PDCCH monitoring (0.5ms SSSG periodicities)
	· DL WUS is monitored prior to a DRX on-duration
· DL WUS with sparse PDCCH monitoring (2/4ms SSSG periodicities)

	vivo
	DCP with C-DRX (160,8,100) for FTP
	· DL WUS without CDRX and MR enters light/deep sleep during DL WUS monioting
· DL WUS with CDRX

	Nokia
	CDRX (160,8,100), (40,10,1)
	· CDRX with WUS using the 5G measurement/monitoring cost
· CDRX with WUS using the 6G EE measurement/monitoring cost
· CDRX with WUS where the costs of measurements is set to zero

	Ericsson
	CDRX (160,8,100)
	· C-DRX with WUS: UE follows C-DRX operation with DL WUS and RRM measurement is performed by EE processing mode.


Based on the results provided by companies so far:
[FL1]Observation 7.1-1: For DL WUS waking up UE for PDCCH monitoring in RRC connected state, the following is observed:
· [bookmark: _Hlk226827591][bookmark: _Hlk229839486]Compared with C-DRX, when DL WUS monitoring periodicity is equal to C-DRX cycle, up to 21.1% UE energy saving gain can be attained for FTP3 traffic, up to 64.2% UE energy saving gain can be attained for IM traffic when UE is assumed in deep sleep.
· Compared with C-DRX, when DL WUS monitoring periodicity is smaller than C-DRX cycle, up to 53% UE energy saving gain can be attained for FTP3 traffic, up to 70% UE energy saving gain can be attained for IM traffic, and 23% UE energy saving gain can be attained for VoIP traffic when UE is assumed in deep sleep.
· Compared with C-DRX with DCP, when DL WUS monitoring periodicity is smaller than C-DRX cycle, up to 55% UE energy saving gain can be attained for FTP3 traffic when UE is assumed in deep sleep.

Note: in some cases, the latency increases due to the following reasons:
· [bookmark: _Hlk226624009][HW] MR enters micro/light/deep sleep with WUS monitoring periodicity = DRX cycle
· [MTK] WUS-assisted PDCCH skipping during active time with additional 0.5~3ms wake-up delay for FTP3
· [vivo] DL WUS monitoring periodicity = DRX cycle, i.e., 160ms
[FL1]Proposal 7.1-1: For collection of UE energy saving gain results for 6GR DL WUS triggering PDCCH monitoring in RRC connected, companies are encouraged to consider the following cases:
· C-DRX 
· [bookmark: _Hlk229988615]6GR OFDM sequence based DL WUS with C-DRX, where the monitoring periodicity of 6GR DL WUS is the same as the periodicity of C-DRX
· R16 DCP like PDCCH based WUS with C-DRX, where the monitoring periodicity of R16 DCP like PDCCH based WUS is the same as C-DRX
· 6GR OFDM sequence based DL WUS without C-DRX, where the monitoring periodicity of 6GR DL WUS is up to companies’ report
	Company
	Y/N
	Comments

	
	
	

	
	
	

	
	
	



Additional evaluation related views, 
· [ZTE] proposed for DL WUS evaluation assumption in connected state, company should report the following assumptions,
· Traffic Parameters (e.g., frame rate, data rate, jitter range, and etc., if needed.)
· DRX configurations, if used
· How to use DL WUS, e.g., DL WUS to trigger/adapt PDCCH monitoring
· Other details if any
· [Sharp], [QC] proposed that, when studying “DL WUS triggering PDCCH monitoring without C-DRX,” the baseline for comparison is “DL WUS triggering PDCCH monitoring with C-DRX” with equivalent PDCCH monitoring triggering periodicity.
· [vivo] proposed that, for 6GR connected UE energy saving study for eMBB-like aperiodic traffic, PDB within the range of [30, 100ms] should be prioritized based on Table 5.7.4-1 Standardized 5QI to QoS characteristics mapping of TS 23.501 In addition, [vivo] provided CDF of the packet delay in dense urban scenario with different C-DRX settings, i.e., (160-8-100) and (40-4-25) and observed following:
· For delay sensitive traffic with PDB requirement is around 30 ms, with C-DRX of (40-4-25), all the evaluated schemes such as C-DRX only, NR DCP and DL WUS with C-DRX, DL WUS without C-DRX can meet the delay requirement from the average-latency perspective. However, from 90%-ile packet latency perspective, C-DRX only, NR DCP and DL WUS with C-DRX does not meet the PDB requirement, while DL WUS without C-DRX can meet the PDB requirement for both light and deep sleep cases. Therefore, DL WUS operation without C-DRX provides the highest UE power saving gain among all evaluated schemes while meeting the traffic PDB requirement, and is therefore the most power-efficient solution.  

7.1.1. DL WUS without and with C-DRX
	Agreement@ RAN1#124bis
For the RAN1 study on DL WUS triggering PDCCH monitoring with and without C-DRX in RRC CONNECTED state, include:
· DL WUS is monitored periodically based on network configuration
· Once DL WUS is detected, UE starts PDCCH monitoring for a time duration, after a time offset
· the time duration, time offset
· whether WUS is monitored during the time duration 
· How UE stops PDCCH monitoring 
· How UE stops and starts WUS monitoring
· WUS triggering PDCCH monitoring is per cell or cell group
· One or more DL WUS configurations
· Other details if any

Agreement@RAN2#133
· Study the following:  “C-DRX without DL WUS”, “DL WUS together with C-DRX” and “DL WUS without C-DRX” assuming RAN1 will design a DL WUS.  
· Aim to define a single discontinuous monitoring framework.  This includes UE periodical monitoring of wake up signalling and follow up actions of PDCCH monitoring upon the wake up.

Agreement@RAN2#133bis
Agreements on Baseline UE behaviour steps
UE periodically monitors a signal (DL WUS)/channel (PDCCH) for connected mode
For DL WUS 
· If DL WUS is received for that UE, the UE starts monitoring PDCCH for a timer duration
· If DL WUS is not received or received but not for that UE after a DL WUS monitoring period the UE may go back to sleep (this step may change based on RAN1)  
For C-DRX 
· UE monitors PDCCH for a timer duration.   If it doesn’t receive anything after a monitoring period it goes back to sleep.  
If the UE is scheduled on PDCCH during the timer duration it stays awake for certain time period.  Same for both cases above once UE starts PDCCH monitoring for a timer duration. Actions after are the same.  

Agreements
1. For next meeting using these baseline steps, further study the points of commonalities and how to enable these functions with the aim to define a single discontinuous monitoring framework.
2. For next meeting companies should focus on modelling of how this work.   
3. FFS on details of the two schemes, for example, timers of PDCCH monitoring, periodicity of monitoring, whether it is a single one, different one, aligned not aligned etc.  
4. Do NOT use option 1-1 and 1-2 terminology. 




The time duration for which UE starts PDCCH monitoring once DL WUS is detected 
· [Futurewei], [Nordic]: DL WUS detection triggers the onDurationTimer, successful PDCCH decoding (re-)starts the InactivityTimer, and the RetransmissionTimers keep running while UE expects retransmission or retransmission grant.
· [Nordic]: The unified discontinuous monitoring framework uses a single set of configuration parameters for monitoring cycle, the onDuration timer for PDCCH monitoring, and the inactivity timer after PDCCH reception, regardless of whether the UE monitors DL WUS or only PDCCH (with C-DRX) in connected mode.
· [Kyocera], [Sharp]: Reuse the existing drx-onDurationTimer for the PDCCH monitoring duration.
· [MTK]: Modify the C-DRX mechanism for 6G WUS monitoring, enabling WUS monitoring occasions within on-duration; WUS triggers PDCCH monitoring for a time duration governed by inactivity timer.
· [SPD], [CATT], [CAICT]: the time duration can be equal to drx-onDurationTimer or configurable by the aNB.
· [vivo], [LG], [NICT], [WILUS]: Upon DL WUS detection, UE starts PDCCH monitoring for time duration #1 or for a active time duration that can be controlled by a timer configured by NW.
· [vivo], [WILUS]: Additionally to use another timer (time duration#2 or inactivity timer) with short durations to prepare for intermittent and bursty traffic. 
· [ZTE]: study fixed location of onDurationTimer (Scheme#1), flexible location of onDurationTimer (Scheme#2) and flexible active time for PDCCH monitoring triggered by DL WUS w/o C-DRX (Scheme#3).
· [OPPO], [Lenovo]: A PDCCH monitoring duration can be configured/set for DL WUS and DL WUS is expected to be configured with shorter durations/cycles.
· [TCL]: Configure maximum PDCCH monitoring window during one wake-up window
· [Samsung]: RAN1 shall study the association relationship between DL WUS monitoring occasion and the time duration (one-to-one, one-to-multiple, multiple-to-one mapping) for PDCCH monitoring in C-DRX in RRC CONNECTED state.
[FL1]Proposal 7.1-2: For RAN1 study on DL WUS triggering PDCCH monitoring with and without C-DRX in RRC_CONNECTED state:
· Once DL WUS is detected, UE starts PDCCH monitoring after a configured time offset for a configured active time duration. 
· The active time duration is network configured. 
· e.g., C-DRX like timer concepts/mechanisms may be used for the active time duration. 
	Company
	Y/N
	Comments

	
	
	

	
	
	

	
	
	



Whether WUS is monitored during the time duration for PDCCH monitoring 
· [Nokia]: RAN1 to study following use of DL WUS during PDCCH monitoring periods, considering Energy savings, Latency impacts, Additional signaling overheads including associated fallback procedures and Alternative shorter configurations of DRX cycles 
1. Early termination of PDCCH skipping
2. Early termination of inactivity timer
3. Trigger the next PDCCH monitoring attempt potentially with added info. to reduce BDs
· [vivo]: Study whether/how to monitor DL WUS during time duration#2 that used to extend PDCCH monitoring period when PDCCH indicates a new DL or UL transmission, depending on the design of time duration#2. 
· [HW]: DL WUS monitoring within active time can help UE obtain energy saving gain based on appropriate configures, e.g., drx-inactivityTimer, but resource overhead of DL WUS should be considered.
· [Apple]: consider WUS during C-DRX active time together with other NR features such as cross-slot scheduling, PDCCH skipping, SSSG switching, and short C-DRX cycle
· [QC]: Study UE energy saving mechanisms within C-DRX active time by PDCCH monitoring triggering and adaptation with a DL WUS or a non-scheduling DCI.
· [Ofinno]: When C-DRX is configured with DL WUS, RAN1 to study DL WUS triggering PDCCH monitoring both inside and outside of active time.
· [MTK]: Study WUS monitoring throughout the DRX cycle – both outside active time (via C-DRX modification) and during active time (via WUS-assisted PDCCH skipping) – as a unified PDCCH monitoring adaptation framework, replacing legacy PDCCH skipping and SSSG switching to avoid duplicated functionality. 
· [Ericsson], [Lenovo], [LG]: Whether DL WUS is monitored during ‘the time duration’ depends on the functionality of WUS. 
· [ZTE]: depends on whether or not EE processing can be performed during active time (whether or not LP modem and the main radio (MR) can be active simultaneously)
· [SPD], [ETRI], [Tejas], [Nordic]: UE stop WUS monitoring duration the time duration/inactivity timer.
· Early termination of the active window/PDCCH monitoring should be achieved via an explicit DCI indication or NR-like DRX command MAC CE.
· [WILUS]: WUS monitoring is completely suspended while the PDCCH monitoring window is active is the baseline for SI Phase 1, WUS monitoring during the PDCCH monitoring window (e.g., a STOP codepoint) should be deeply addressed as an advanced Phase 2 study item.
· [Samsung]: We suggest to postpone this discussion to avoid redundant design in 6GR since monitoring DL WUS during the PDCCH duration functionally overlaps with PDCCH skipping/SSSG switching and go-to-sleep mechanisms supported in NR.
· Simultaneous monitoring of DL WUS and PDCCH at a time is not supported in DL WUS design in 6GR.
[FL1]Proposal 7.1-3: RAN1 study the necessity and benefits of DL WUS monitoring during the active time duration for PDCCH monitoring in RRC_CONNECTED state at least for following use: 
· triggering subsequent PDCCH monitoring 
· adaptation of PDCCH monitoring, e.g., reduce blind decoding etc. 
· other use cases are not precluded 
	Company
	Y/N
	Comments

	
	
	

	
	
	

	
	
	



How UE stops PDCCH monitoring and starts WUS monitoring   
· Based on the expire of a Timer, e.g., UE stops PDCCH monitoring after not receiving any PDCCH for a period controlled by the Timer: almost all companies 
· [Samsung]: if we agree that PDCCH monitoring can be stopped by a C-DRX related timer, the details should be discussed in RAN2 rather than RAN1.

· Based on explicit and/or dynamic signalling, e.g., DCI or MAC CE etc: [vivo], [HW], [DCM], [NEC], [ZTE], [Apple], [Tejas], [Nordic], [NICT], [WILUS], [MTK]

· [Nokia]: RAN1 to study if additional L1 schemes (DCI, MAC-CE, timer, …) are justified to postpone the restarting of WUS monitoring after PDCCH monitoring has ended, considering Energy savings, Latency impacts, Additional signalling overheads including associated fallback procedures
· [MTK]: WUS-assisted PDCCH skipping during the C-DRX inactivity timer achieves 29.2% power saving gain for FTP traffic with only 5.25 ms latency increase (48.6 ms to 53.8 ms), by replacing PDCCH monitoring with low-power WUS monitoring.

· In addition, [DCM], [LG], [WILUS]: DL WUS indicates the termination of PDCCH monitoring, while DL WUS is monitored within PDCCH monitoring duration. This option also summarized in the section of New Use Cases or functions for DL LP-WUS in connected state. 

[FL1]Proposal 6.1-3: RAN1 study following options on how UE stops PDCCH monitoring and (re-)starts DL WUS monitoring in RRC_CONNECTED state:
· Option 1: UE stops PDCCH monitoring based on expiry of a network-configured timer associated with the time duration for PDCCH monitoring.
· Option 2: UE stops PDCCH monitoring based on explicit and/or dynamic signaling (e.g., DCI and/or MAC CE) and terminates the time duration for PDCCH monitoring.

	Company
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	Comments

	
	
	

	
	
	

	
	
	



Multiple WUS configurations
· [ZTE], [NEC], [Ofinno], [NICT], [WILUS]: study multiple DL WUS configurations if DL WUS supports multiple functionalities, each function may be configured independently. 
· [WILUS]: Study MAC-CE based dynamic switching of the active configurations to accommodate various traffic QoS requirements.
· [SPD]: One DL WUS configuration can be baseline.
· [Samsung]: RAN1 shall study a single active DL WUS configuration at a time as a baseline for 6GR and FFS: Whether there is a need to support multiple DL WUS configurations and what is the use case.

WUS operation in multi-carrier
· Carrier where to monitor DL WUS
· [Samsung]: RAN1 shall study the configuration of DL WUS monitoring resources on a single cell/carrier
· [HW]: DL WUS can be configured on a serving cell per cell-group
· [QC]: Study DL WUS monitoring e.g., whether DL WUS is always monitored only on PCell or can it be configured on a different cell when multiple carriers are configured or active.
· [Ofinno]: RAN1 should discuss if the DL WUS is configured per cell or per carrier in the cell for single cell multi-carrier scenario. Similar for single and multiple TPR scenario. 
· [WILUS]: For DL-WUS operation in SCMC, DL-WUS is only transmitted on a designated carrier, e.g., the coverage carrier. 


· The carrier(s) where PDCCH monitoring triggered by a DL-WUS is applicable
· [SPD], [NICT], [WILUS]: WUS triggering PDCCH monitoring is cell group-level. Per cell-level can be further study. 
· [HW]: DL WUS indication is applicable to all serving cells in the cell-group.
· [CATT]: 
· For DL WUS with C-DRX, the study on per cell/per sub-cell group PDCCH monitoring within a cell group configured by C-DRX is left for RAN2 discussion.
· For the DL WUS without C-DRX, per cell indication and cell group indication could be both used for scheduling flexibility and UE power saving.
· [xiaomi]: When a UE is configured with multi-cell PDCCH monitoring, study implicit mechanisms/rules to determine the target cell(s) for PDCCH monitoring upon wake-up.
· [WILUS]: For DL-WUS operation in SCMC, one DL-WUS Occasion should be able to include multiple DL-WUS Monitoring Occasions, each associated with a respective carrier for subsequent PDCCH monitoring


Other details
· [HW], [Google]: proposed to consider in 6G, how to adapt MR status/time gap to various traffic types, to achieve trade-off between traffic latency and power saving gain compared to NR Rel-19 where only a single capability of wake-up delay UE reports and gNB configures between DL WUS MO and PDCCH monitoring start point   
· [HW]: how to adapt gap of wakeup to various traffic types, and the trade-off between traffic latency and power saving gain should be considered. [e.g., internal: first goes to a lighter sleep, and then after a period without new scheduling UE goes to a deeper sleep. In the other hand, the gap between DL WUS reception and PDCCH monitoring can be configured dynamically.]
· [Google]: A dynamic indication of the time gap carried within the DL WUS payload enables the UE to execute the most power-efficient hardware transition.
· [QC]: Study the time gap between a DL WUS and the action it triggers in CONNECTED mode for each supported scenario and study the periodicity of DL WUS occasions in CONNECTED mode.
· [vivo], [Apple]: study the measurement and report activity decoupling from the DRX cycle in 6GR for DL WUS operation to obtain UE power saving benefit.
· [Ofinno]: RAN1 to assume that DL WUS monitoring will be supported both inside and outside the active BWP, while studying any impact to changes to BWP in 6GR compared with 5G BWP.
· [Vodafone], [InterDigital]: RAN1 to study 6G UE operation of DL WUS with multiple bands.
· [HW], [WILUS]: proposed to study increasing the number of UE subgroups or UE specific indication compared to NR Rel-19 LP-WUS where up to 31 codepoints were designed 
· [InterDigital]: Support activation/deactivation of DL-WUS monitoring based on at least channel measurement (e.g., entry/exit conditions) potentially with UE assistance and support a fallback operation (e.g., based on a timer) for DL-WUS monitoring.
· [CATT]: 
· The UE-group indication via DL WUS would be preferable to cooperate with C-DRX for efficient indication and to align the C-DRX among the UEs.
· The UE-specific indication by DL WUS without C-DRX would be preferable for a flexible indication to fit the burst traffic of the UE.
· [WILUS] discussed stopping/resuming WUS in Exceptional Situations such as handover, RLF, BWP switching. 

7.2. [bookmark: _Toc189898380][bookmark: _Toc189288951]Use Case #2: Measurements by EE processing  
Background of NR Rel-19 LP-WUS operation for measurements in CONNECTED state: Based on NR Rel-19 LP-WUS WID of RP-234056, UE MR ultra-deep sleep is not considered in CONNECTED mode, and UE RRM/RLM/BFD/CSI measurements are performed by MR. 
	Agreement@RAN1#124bis
For RRC connected state, study feasibility and necessity of serving cell RRM measurement by EE processing, considering at least: 
· UE energy saving gain
· Coverage (e.g., achievable SINR/SNR) and accuracy
· Measurement metrics
· Impact on the EE processing complexity
· Based on at least 6GR sync signal
· other signals 
· other measurement
· Whether there is spec impact or not
Agreement@RAN1#124bis
For RRC connected state, study feasibility and necessity of neighboring cell RRM measurement by EE processing, considering at least: 
· UE energy saving gain
· Neighboring cell measurement type, e.g., intra-frequency, inter-frequency
· Neighboring cell identification, measurement and evaluation 
· Neighboring cell number limitation if any
· Inter-cell interference
· Coverage (e.g., achievable SINR/SNR) and accuracy
· Measurement metrics
· Based on at least 6GR sync signal
· other signals 
· Impact on the EE processing complexity
· the power consumption of neighboring cell RRM measurement based on EE processing
· Other limitations if any
· Whether there is spec impact or not



General views on potential spec impacts:
· [Nokia]: about the expected spec impact from specifying performing the RRM measurement by EE processing, RAN1 identifies restrictions for UE when RRM measurements are performed by EE processing to maximize the UE power saving gain benefits, including at least 
· limiting the number of UE RX antennas, 
· using a (specific) subset of neighbor cells, 
· performing neighbor cell measurements based on restricted reference signal configurations or based on RSRP only without e.g., RSSI or RSRQ, 
· performing neighbor cell measurements over relaxed measurement/detection/evaluation durations
· [ZTE]: If EE serving/neighbor cell measurement has different requirement or accuracy, there would be spec impact at least in RAN2/RAN4 and proposed to further study the spec impact from EE processing in connected mode includes
· The case when EE measurement is overlapping with other transmission
· The case when EE measurement based report is distinguished from normal measurement
· [Apple]: If EE processing of serving cell RRM measurement cannot achieve similar accuracy as non-EE processing for connected mode, RAN1 to study the conditions to trigger serving cell RRM measurements by EE processing, including channel conditions (e.g., sufficiently good SNR) and the necessary fallback mechanisms (e.g., waking up the MR for high-accuracy verification before finalizing any L3 mobility event).
· [CMCC]: For RRC CONNECTED states, study the feasibility and necessity of serving cell and neighboring cell RRM measurement by EE processing, considering
· Whether measurement by low power receiver (EE processing) will interrupt the data receptions by main radio
· Existing signals should be considered for measurement by EE processing.
· RRM measurement relaxing by EE processing could be consider and this has some spec impact.
· [QC]: Whether to perform serving cell and neighboring cell measurement in EE processing state or regular power state is left up to UE implementation, i.e. there is no need to introduce explicit specification support for RRM measurements and reporting in EE processing state

Whether other signals is needed for RRM measurement by EE processing in Connected state
· [Ericsson], [vivo], [Ofinno]: Only 6GR sync signal (always on sync signal (AO-SS) and on demand sync signal (OD-SS)) should be considered for RRM measurement by EE processing.
· [ZTE]: 6G sync signal is used for serving cell/neighbor cell measurement by EE processing. No further study CSI-RS based EE processing
· [QC]: RAN1 to not define separate synchronization mechanisms and special signals for measurement by EE processing for when DL WUS is enable and when it is disabled (AI 10.6.1.1). 
· [InterDigital]: Support a synchronization signal (EE-SS) dedicated to EE mode UE operation
· [OPPO]: RAN1 evaluate different options of synchronization signal solutions for DL WUS synchronization and RRM measurement
· The sync part of DL WUS.
· The Low Power sync signal specific for WUS detection.
· The common sync signal well balanced for initial access by MR and WUR’s synchronization and RRM measurement.
· In addition, 
· [MTK]: Study DL-WUS self-synchronization capability, including its use as an aperiodic synchronization signal with differentiated procedures: in idle mode, WUS provides sufficient synchronization for QPSK demodulation; in connected mode, WUS triggers on-demand reference signal (TRS-like) for high-order QAM demodulation. 
· [Nordic]: An always-on DL WUS could be used for synchronization and RLM/RRM purposes depending on the monitoring cycle length. 

Measurement metrics  
· [Nokia]: neighbor cell measurements by EE processing can be based on restricted reference signal configurations or based on RSRP only without e.g., RSSI or RSRQ
· [ZTE]: Use RSRP, RSRQ, SINR as measurement metrics in connected mode for measurement. Further discuss whether interference estimation is feasible for EE processing.
· [Apple]: For serving cell RRM measurement by EE processing in connected mode, RAN1 to jointly study the feasible measurement metrics (e.g., L1-RSRP vs. L1-SINR) and the measurement accuracy.
· [CATT]: for RRM accuracy evaluation, RAN1 should discuss whether only RSRP needs to be considered. 
· [TCL], [WILUS]: Consider the necessity or feasibility of SINR measurement by EE processing.

[CATT], [TCL]: RSRP measurement is time-domian or freq. domain. As only SSS in SSB is measured for SS-RSRP, 6GR may consider PSS/SSS as LP-SS for EEPS measurement. However, it is up to how to define RSRP in 6GR EEPS.


7.2.1. Sub use case#2-1: RRM measurement for serving cell  
Energy saving gain
· [HW] provide power saving evlautaions results in their contribution and observed following:
· From Case 1-3 vs. Case 1-6, when the serving cell changes from non-EE processing to EE processing while the neighbor measurement is not performed, the UE energy saving gain is 0.59%~46.85% for FTP and IM traffic.
· From Case 2-3 vs. Case 2-6, changing the serving cell from non-EE processing to EE processing while the neighbor remains non-EE processing , the UE energy saving gain 1.3%~43.55% with neighboring cell RRM measurement periodicity relaxation rate R= {25%, 6.25%} for FTP and IM traffic. 
· From Case 3-3 vs. Case 3-6, changing the serving cell from non-EE processing to EE processing while the neighbor remains full measurements by non-EE processing, the UE energy saving gain is 1.25%~20.47% for FTP and IM traffic.
· [Nokia] reports on energy savings achieved by using EE processing for measurements, with WUS monitoring used to trigger the DRX on-duration. The evaluation includes two scenarios: a C-DRX cycle configuration (160ms, 80ms, 10ms) and a C-DRX with shorter cycle (40ms, 1ms, 10ms). In both cases, adding EE processing of measurements to DL WUS results in 6%~14% additional energy savings compared to using DL WUS alone for FTP3 traffic. 
· [vivo] provide power saving benefits for RRM/RLM by EE processing for serving cell and observe following
· Compared to serving cell measurement by non-EE processing, serving cell measurement by EE processing for 1 sample per measurement cycle can achieve 35.55%~56.77% power saving gain.
· Compared to serving cell measurement by non-EE processing, serving cell measurement by EE processing for 2 samples per measurement cycle can achieve 50.99%~69.58% power saving gain.
· [QC] reports on energy savings achieved by using EE processing for measurements, with WUS monitoring used to trigger the DRX on-duration. The evaluation includes two scenarios: a C-DRX cycle configuration (160ms, 80ms, 10ms) and a C-DRX with shorter cycle (20ms, 10ms, 1ms). In both cases, adding EE processing of measurements to DL WUS results in ~10% additional energy savings compared to using DL WUS alone.
· [MTK] provide the power breakdown analysis, reveals that when SSB measurement is offloaded to EE processing, the power consumption of the MR for SSB measurements is minimized, and the probability of the UE entering a deeper sleep state increases. The analysis implies the need for EE processing capability for synchronization and serving cell monitoring routines in order for UE to achieve lower power deep sleep states in connected mode. 

Complexity
· [HW]: In 5G LP-WUS feature, LR can perform serving cell measurement. Therefore, it is straightforward to conclude that the EE processing for performing serving cell RRM measurement is both feasible and beneficial for 6G DL WUS.
· [Nokia]: 
· For measurement, from processing complexity perspective, the measurement of e.g. RSRP based on secondary synchronization signal, such as NR Gold code, can be considered to be comparable to the detection of OFDM-based DL WUS.
· Cell search procedure is more complex and whether to consider advanced EE processing state to do the cell detection procedure or moving back to full active state can be considered. Study further the alternatives of assuming that cell search can performed in (advanced) EE processing state or waking the UE to full active state to perform the cell search infrequently
· [vivo]: Since timing and PSS/SSS information for serving cell is already available, thus, the complexity of serving cell measurement by EE processing beyond synchronization just involves RSRP/RSRQ calculation which is expected to be mimimal.
· [ZTE]: here is no much difference from idle mode if only one serving cell is the target cell.
· [Apple]: Since it is basically a known sequence detection with synchronization, it is similar to the DL WUS detection itself.
· [Samsung]: Impacts on EE processing complexity for serving cell RRM measurement is marginal other than measurement operation.
Feasibility
· [Nokia]: 
· It would appear feasible to perform serving and neighbor cell measurements in EE processing state if the measurement reference signal, e.g. synchronization signal, and DL WUS design share similar characteristics
· Large residual CFO can lead to reduced measurement accuracy, consider assuming lower residual synchronization error for EE processing state.
· [HW]: In 5G LP-WUS feature, LR can perform serving cell measurement. Therefore, it is straightforward to conclude that the EE processing for performing serving cell RRM measurement is both feasible and beneficial for 6G DL WUS.
· [Apple]: the degraded accuracy of the measurement with EE processing due to reduced number of Rx and simplified processing of the LR needs to be carefully evaluated and preferably compensated e.g. by using more samples for averaging 
· [vivo] provide simulation results and observed that for serving cell measurement by EE processing, RSRP accuracy within±2dB @SINR=-6dB can be achieved based on 1 SSB sample with 2Rx in AWGN channel. 
· [QC] provide simulation results on measurement accuracy over a wide range of SNR values in an AWGN channel with 1 Rx antenna and observed that performing the measurement in EE processing state has good accuracy even in the low-SNR region.
[image: ]
[bookmark: _Ref228972480]Figure 2 Measurement accuracy in EE mode [QC (R1-2604706) in AI 10.6.1.1].
· [OPPO] provide simulation results and observed that for serving cell measurement, RSRP accuracy within ±2.79dB and ±2.1.63dB@SINR=-6dB can be achieved based on 1 SSB sample by EE processing and non-EE processing respectively in AWGN channel .
[FL1]Proposal 7.2-1: For collection of UE energy saving gain results for serving cell RRM measurement by EE processing in RRC connected, companies are encouraged to consider the following cases:  
· Case 1:No neighboring cell RRM measurement
	Case
	Serving cell RRM measurement
	Neighboring cell RRM measurement
	Triggering PDCCH monitoring

	Case1-1
	Non-EE processing
	Not applicable
	C-DRX with DCP

	Case1-2
	Non-EE processing
	Not applicable
	C-DRX only

	Case 1-3
	Non-EE processing
	Not applicable
	DL WUS

	Case 1-4
	EE processing
	Not applicable
	C-DRX with DCP

	Case 1-5
	EE processing
	Not applicable
	C-DRX only

	Case 1-6
	EE processing
	Not applicable
	DL-WUS

	Note: WUS triggering PDCCH monitoring scheme is up to company report including the assumed sleep state is up to company report.



· Case 2: For UE with relaxed neighboring cell RRM measurement
	Case
	Serving cell RRM measurement
	Neighboring cell RRM measurement
	Triggering PDCCH monitoring

	Case 2-1
	Non-EE processing
	Non-EE processing with relaxation. e.g., 4 or 16 times
	C-DRX with DCP

	Case 2-2
	Non-EE processing
	Non-EE processing with relaxation. e.g., 4 or 16 times
	C-DRX only

	Case 2-3
	Non-EE processing
	Non-EE processing with relaxation. e.g., 4 or 16 times
	DL WUS

	Case 2-4
	EE processing
	Non-EE processing with relaxation. e.g., 4 or 16 times
	C-DRX with DCP

	Case 2-5
	EE processing
	Non-EE processing with relaxation. e.g., 4 or 16 times
	C-DRX only

	Case 2-6
	EE processing
	Non-EE processing with relaxation. e.g., 4 or 16 times
	DL-WUS

	Note 1: for each case, if w/o relaxation is noted, measurement is assumed to be performed every measurement cyle, the measurement cycle is up to company report.
Note 2: Neighboring cell RRM measurement includes at least intra-frequency measurement, inter-frequency measurement is up to company report.
Note 3: WUS triggering PDCCH monitoring scheme is up to company report including the assumed sleep state is up to company report.



· Case 3: For UE with full neighboring cell RRM measurement
	Case
	Serving cell RRM measurement
	Neighboring cell RRM measurement
	Triggering PDCCH monitoring

	Case 3-1
	Non-EE processing
	Non-EE processing w/o relaxation
	C-DRX with DCP

	Case 3-2
	Non-EE processing
	Non-EE processing w/o relaxation
	C-DRX only

	Case 3-3
	Non-EE processing
	Non-EE processing w/o relaxation
	DL-WUS

	Case 3-4
	EE processing
	Non-EE processing w/o relaxation
	C-DRX with DCP

	Case 3-5
	EE processing
	Non-EE processing w/o relaxation
	C-DRX only

	Case 3-6
	EE processing
	Non-EE processing w/o relaxation
	DL-WUS

	Note 1: for each case, if w/o relaxation is noted, measurement is assumed to be performed every measurement cyle, the measurement cycle is up to company report.
Note 2: Neighboring cell RRM measurement includes at least intra-frequency measurement, inter-frequency measurement is up to company report.
Note 3: WUS triggering PDCCH monitoring scheme is up to company report including the assumed sleep state is up to company report.


Furthermore, to reduce the evaluation workload, would you please provide the cases that should be prioritized in your opinion as well as the cases that can be removed?

	Company
	Y/N
	Comments

	
	
	

	
	
	



7.2.2. Sub use case#2-2: RRM measurement for neighbor cell  
Energy saving gain
· [HW] provides power saving evlautaions results in their contribution and observed following:
· From Case 1-1 vs. Case 1-2, where the serving cell is already using EE processing and the neighbor is performed by non-EE with measurement periodicity relaxation rate R= {25%, 6.25%}, the UE energy saving gain is 3.74%~66.63% for FTP and IM traffic.
· From Case 1-1 vs. Case 1-3, where both serving cell and neighbor change from non-EE processing to EE processing, the UE energy saving gain is 6.39%~65.49% for FTP and IM traffic.
· [vivo] provides power saving benefits for RRM measurement for intra-frequency neighboring cell by EE or non-EE processing and RRM/RLM measurement for serving cell by EE processing and observe following: 
· Compared to serving cell and intra-frequency neighboring cell measurement by non-EE processing, RLM/RRM measurement for both serving and neighbor cell measured by EE processing can achieve 24.4%~32.58% power saving gain.
· Compared to serving cell and intra-frequency neighboring cell measurement by non-EE processing, RLM/RRM measurement for serving cell only measured by EE processing, RRM measurement for neighbor cell is measured by non-EE processing can achieve 14.13%~18.87% power saving gain.
· [Ericsson] provides power saving benefits for RRM measurement for intra-frequency neighboring cell by EE or non-EE processing, and yy monitoring WUS and offloading RRM measurement to EE processing mode, around 25% energy saving gain can be achieved.

Complexity
· [Nokia]:  
· For measurement, from processing complexity perspective, the measurement of e.g. RSRP based on secondary synchronization signal, such as NR Gold code, can be considered to be comparable to the detection of OFDM-based DL WUS.
· Cell search procedure is more complex and whether to consider advanced EE processing state to do the cell detection procedure or moving back to full active state can be considered. Study further the alternatives of assuming that cell search can performed in (advanced) EE processing state or waking the UE to full active state to perform the cell search infrequently
· [HW]: the neighbor cell RRM measurement related configurations need to be buffered, which increases UE’s buffer capacity requirement. The methods/limitations to reduce the LR complexity for supporting neighboring cell measurement should be studied.
· [Samsung]: For EE processing complexity for neighbor cell RRM measurement,
· A necessity of additional buffer may depend on UE implementation.
· Cell ID identification and RF switching may cause additional complexity other than measurement operations.
· [vivo]: Compared to serving cell RRM measurement by EE processing, higher complexity is expected for neighbor cell RRM measurement, by considering cell identification/detection, measurement over multiple cells and multiple beams, and potential cell evaluation are to be performed by EE processing. While at least for intra-frequency TDD scenairo, EE processing complexity for neighbor cell identification can be largely reduced, as the serving cell timing can be used as reference to reduce the searching timing uncertainty.
· [ZTE]: Neighbor cell measurement require additional EE processing complexity in terms of number of codepoints and memory size.
· [Apple]: Neighbor cell RRM measurement (intra-freq and inter-freq) is highly computationally intensive, and it is a much more complicated procedure than serving cell measurement, considering the cell detection and the control logic (measurement configuration needs to be stored, and control mechanism needs to be in place to control when to measure which frequency/cell) . It is unclear whether this can be performed using EE processing.
· [Google]: Neighbouring cell measurement based on EE processing should limit to a small, network-configured set of intra-frequency known cells, explicitly precluding any cell search procedures during the EE state.
· [WILUS]: In the connected state, handover-relevant neighbors are typically known from prior MR measurements and can be signaled to the UE via RRC (e.g., measObjectNR, neighborCellList), eliminating the need for blind PSS scanning. The UE performs targeted EE-based correlation against the known ZC root indices. This significantly reduces EE processing complexity and improves power efficiency per neighbor compared to idle-state search. 
· [MTK]: Neighboring cell measurement by EE processing adds significant complexity (e.g., successive interference cancellation, cell search) that conflicts with the low-power design constraint of EE processing in both idle and connected states. 
· [CATT]: The UE in the EE state performs neighboring cell measurement based on the PCI in the configured information obtained by the UE in non-EE state and the number of measured neighboring cells can be limited for each frequency (e.g., 4). 
· [Lenovo]: Neighbor cell measurement in EE processing state is possible with less measurement capability and more relaxed measurement time budgets to save power and compensate for availability of only 1-2 RX antennas in the EE processing state. 
· [Google]: For evaluating RRM measurements in EE processing mode, RAN1 should strictly cap the required UE complexity for neighbouring cell tracking or restrict to a limited number of intra-frequency neighbouring cells.
Feasibility
· [Nokia]: 
· It would appear feasible to perform serving and neighbor cell measurements in EE processing state if the measurement reference signal, e.g. synchronization signal, and DL WUS design share similar characteristics
· Large residual CFO can lead to reduced measurement accuracy, consider assuming lower residual synchronization error for EE processing state.
· [vivo]: provide simulation results and observed that for intra-frequency neighbor cell measurement by EE processing, RSRP accuracy within±2dB @SINR=-6dB can be achieved based on 1 SSB sample with 2Rx in AWGN channel.
· [Apple]: Study the feasibility and accuracy of performing neighbor cell RRM measurement with EE processing, considering intra-freq and inter-freq measurement, the required cell detection, and the control logic.
· [Lenovo]: Neighbor cell measurement in EE processing state is possible with less measurement capability and more relaxed measurement time budgets to save power and compensate for availability of only 1-2 RX antennas in the EE processing state.
· [MTK]: The feasibility of neighboring cell measurement by EE processing should first be studied under simplified conditions – limited number of neighboring cells and sufficient RSRP separation – without requiring SIC processing, to establish the EE processing power budget boundary. 
 
[FL1]Proposal 7.2-2: For collection of UE energy saving gain results for neighboring cell RRM measurement by EE processing in RRC connected, companies are encouraged to consider the following cases:  
	Case
	Serving cell RRM measurement
	Neighboring cell RRM measurement
	Triggering PDCCH monitoring

	Case1-1
	EE processing
	Non-EE processing w/o relaxation 
	DL WUS

	Case1-2
	EE processing
	Non-EE processing with relaxation.e.g., 4 or 16 times
	DL WUS

	Case 1-3
	EE processing
	EE processing
	DL WUS

	Note 1: for each case, if w/o relaxation is noted, measurement is assumed to be performed every measurement cyle, the measurement cycle is up to company report.
Note 2: Neighboring cell RRM measurement includes at least intra-frequency measurement, inter-frequency measurement is up to company report.
Note 3: WUS triggering PDCCH monitoring scheme is up to company report including the assumed sleep state is up to company report.



	Company
	Y/N
	Comments

	
	
	

	
	
	



 
7.2.3. Sub use case#2-3: RLM measurement for serving cell
Energy saving gain
· [vivo] provide power saving benefits for RRM/RLM by EE processing for serving cell and observe following
· Compared to serving cell measurement by non-EE processing, serving cell measurement by EE processing for 1 sample per measurement cycle can achieve 35.55%~56.77% power saving gain.
· Compared to serving cell measurement by non-EE processing, serving cell measurement by EE processing for 2 samples per measurement cycle can achieve 50.99%~69.58% power saving gain.
Necessity and proposed to study: Ericsson, vivo, Interdigital, Panasonic, LG, Sony, ITRI, DCM, WILUS
· [vivo]: observed that for RRC connected mode, if serving cell measurement by EE processing is introduced only for RRM measurement, while RLM still requires periodic non-EE processing, the UE CANNOT fully obtain the potential 35.55%~69.58% measurement related power saving gain from EE processing.
· [InterDigitial], [Ericsson]: if only RRM measurement is performed by EE processing, the energy saving gain in Connected state might be limited as MR need to perform other measurement anyway. Therefore, the feasibility and necessity of performing RLM/BFD measurements with EE processing state of UE can be studied.
· [DCM], [Panasonic]: Study power saving gain, coverage and accuracy of RLM/BFD measurement by EE processing in CONNECTED.

· In addition, InterDigital proposed to study CSI related measurement by EE processing, while  [Nokia], [ZTE] observed that for connected mode measurement, CSI‑RS processing is significantly more computationally/energy expensive than SSB processing because of multi‑port channel matrix estimation, codebook searches and link‑adaptation calculations and hence proposed when operating in connected mode, the EE processing state is assumed for at least the SSB based measurements outside active time and RAN1 discuss the possible use of the EE processing state (or variation) for SSB-based measurements inside active time.  

Feasibility
· vivo provide the evalution and observed that for SINR measurement for serving cell by EE processing based on PSS/SSS sequences, where SINR is calculated by RSRP/(RSSI-RSRP), the SINR accuracy within 2.5dB @SINR=-7.1dB can be achieved based on 1 SSB sample with 2Rx in AWGN channel. 

[bookmark: _Hlk226828011][FL1]Proposal 7.2-3: For RRC connected state, study feasibility and necessity of serving cell RLM measurement by EE processing, considering at least: 
· UE energy saving gain
· Coverage (e.g., achievable SINR/SNR) and accuracy
· Measurement metrics
· Impact on the EE processing complexity
· Based on at least 6GR sync signal
· other signals 
· Whether there is spec impact or not 
	[bookmark: _Hlk226814740]Company
	Y/N
	Comments

	
	
	

	
	
	

	
	
	

	
	
	



7.3. New Use Cases or functions for DL LP-WUS in connected state 
Since the 6GR DL-WUS is expected to support a larger payload size compared to NR Rel-19 WUS, which allows up to 5 bits, various use cases and functions have been proposed by different companies. There is general consensus that the primary purpose of DL WUS is to wake up the UE for PDCCH monitoring. Additionally, other features can be considered for 6GR DL WUS, depending on benefits and its information bit capacity.
DL WUS facilitates PDCCH monitoring adaptation 
· Nokia: 
· RAN1 is proposed to study the feasibility and necessity of the sequence-based option for 2-stage DCI in the 10.6.1.2 agenda item.
· RAN1 is proposed to study the feasibility and necessity of using DL WUS sequence for the sequence based option for 2-stage DCI and to avoid introducing a new sequence other than DL WUS.
· Ericsson: In the discussions within agenda item 10.5.4.1, one option of 2-stage DCI is to have a sequence based first stage, which is a WUS-like. Therefore, the relation between the two signals/sequences should be studied if WUS monitoring is considered for the 'the time duration'.
· DCM: Discuss in DL control session on whether DL WUS can be used for PDCCH monitoring adaptation.
· Reduce blind decoding 
· [SPD] [ZTE], [Interdigital], [Kyocera], [CATT], [OPPO], [CMCC], [LG], [Lenovo], [xiaomi], [QC], [Ofinno], [ITRI] proposed to study using DL-WUS to control PDCCH monitoring complexity, such as WUS indicates BD related information (e.g., AL, CCE, a subset of PDCCH monitoring candidates, DCI formats etc.) indication. 
· Dynamic indication of UE active period/time 
· [Nokia], [CATT], [ZTE]: consider indication via WUS of ACTIVE time duration/settings including skipping indications
· [DCM], [LG], [WILUS]: DL WUS indicates the termination of PDCCH monitoring, while DL WUS is monitored within PDCCH monitoring duration.
· [ZTE], [Samsung], [CATT], [NEC], [ETRI]: consider adaptation of C-DRX via WUS indication (e.g., cycle, drx-start offset, value of drx-onDurationTimer, etc.,).
· [InterDigital]: Support aperiodic UE DRX active time based on DL-WUS indication
· [WILUS]: Study whether DL-WUS (by configuration or by payload) can indicate the DRX cycle to be applied after wake-up, including at least short DRX cycle and long DRX cycle
From FL: Whether and how to adjustment of C-DRX related Timers/parameters is subject to RAN2 discussion

DL WUS indicating SCell waking up or fast carrier activation/deactivaton 
· [FutureWei], [SPD], [CMCC], [Interdigital], [OPPO], [ZTE], [CATT], [xiaomi], [ITRI] proposed study the feasibility of DL WUS triggering Scell wake up (e.g., similar as dormancy indications) and/or fast carrier activation and deactivation procedures in Connected state.
While,
· [Ofinno]: further justification may be needed to allow network to wake-up SCell while the UE is in the DL WUS monitoring mode.
· [TCL]: Scell or carrier dormancy/activation/de-activation based on DCI like DCP

DL WUS triggering on demand RS 
· [vivo], [MTK], [xiaomi]: In connected mode, WUS triggers on-demand reference signal for high-order QAM demodulation, and/or L1 measurement/report.
· [TCL]: Consider DL-WUS is used for waking up UE(s) to receive on-demand or clustering signals.
· [WILUS]: Study the use of DL-WUS as a dynamic control signal to determine the activation status of the Clustered Common Signal (CCS) duration
DL WUS triggering L1 (e.g., SSB/CSI based) measurement performing and reporting   
· [Nokia]: RAN1 studies WUS for early/late SSB/CSI measurement performing and reporting to maximize the UE uninterrupted deep sleeps
· [ZTE], [CATT], [LG]: Study CSI measurement and report triggered by WUS.


Other functions
· [Nokia]: RAN1 studies WUS for decoupled UL and DL operations considering at least WUS-based indications for switching between multiple PUSCH CGs.
· [HW]: DLWUS indicating necessary parameter updates, e.g., MR related parameters after woken up by DL WUS or beam updating for WUS reception 
· [BYD]: DL-WUS-based BWP switching indication should be considered as a candidate functionality in RRC_CONNECTED, while its robustness requires further study.
· [CATT]: The DL WUS could be used for other indications in the RRC_CONNECTED state, including assisting in Antenna/TRP adaptation
· [ZTE]: A set of power saving parameters can be indicated by WUS outside active time. 
· [MTK]: Study DL-WUS self-synchronization capability, including its use as an aperiodic synchronization signal with differentiated procedures: in idle mode, WUS provides sufficient synchronization for QPSK demodulation; in connected mode, WUS triggers on-demand reference signal (TRS-like) for high-order QAM demodulation. 
· [Nordic]: An always-on DL WUS could be used for synchronization and RLM/RRM purposes depending on the monitoring cycle length. 
· [Lenovo]: Study the feasibility of PDCCH monitoring in EE processing state (after WUS detection) with reduced capability, and relaxed processing time for some deeper sleep states (e.g., deep sleep or ultra-deep state).
[bookmark: _Hlk226826021]Companies are encouraged to provide your views on the new functionalities, e.g., power impact, benefits of moving these functionalities from their legacy signal to 6G DL WUS, and other merits if any
[FL1]Proposal 7.3-1: RAN1 study the necessity and benefits of 6GR OFDM sequence based DL WUS for at least the following functionalities in RRC connected:
· adaptation of PDCCH monitoring, e.g., reduce blind decoding etc. 
· indicating SCell waking up
· triggering on demand synchronization/reference signals
· triggering L1 measurement and report 

	Company
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	Comments

	
	
	

	
	
	

	
	
	



7.4. Co-existence with other features
Co-existence with Network Energy Saving (NES) features
Background: In NR Rel-19, for RRC CONNECTED mode when LP-WUS is configured with Cell DTX, during Cell DTX inactive time, the UE is not expected to monitor LP-WUS both for Option 1-1 and 1-2.
[Nokia], [SPD], [HW], [TCL], [vivo], [NEC], [InterDigital], [Ofinno], [CATT], [LG], [Sony], [Sharp], [Google], [WILUS] proposed to study WUS inter-action with NES features, for example 
· [Nokia]: Aligning cell DTX/DRX and UE C-DRX operations for maximum efficiency
· [NEC]: Study mechanisms for separately or jointly triggering an active time of cell DTX/DRX and C-DRX by DL WUS
· [LG], [Sony]: align the DL-WUS mechanisms including its wake-up and sleeping opportunities to the network discontinuous cell TX and RX
· [HW]. [vivo], [CATT]: Use DL WUS for adaptation of cell DTX/DRX
· [InterDigital]: fast adaptation of DL-WUS configuration based on network energy saving operation and available network resources 
· [HW], [vivo]: UE WUS monitoring behavior during cell DTX/DRX active/inactive time 

Co-existence with PDCCH skipping
Background: In NR Rel-19, for RRC CONNECTED mode LP-WUS can work with legacy PDCCH skipping mechanism without any enhancements.
[SPD], [ZTE], [vivo], [MTK], [LG], [NEC]: study DCI-based skip indication to resume DL WUS monitoring 
[NEC]: utilizing DL WUS to resume PDCCH monitoring without a predicted skipping period

Co-existence with SSSG switching
Background: In NR Rel-19, for RRC CONNECTED mode LP-WUS can work with legacy SSSG switching mechanism without any enhancements.
· [Nokia], [SPD], [LG]: study WUS triggering/co-existing with SSSG switching (with or without additional indication of target SS)
· [Nokia]: Combining BWP and SSSG switching operations
· [QC] reported energy-saving benefits for WUS when used with SSSG switching. Compared to the case of DL WUS monitoring with dense PDCCH (0.5ms SSSG periodicities), enabling sparse PDCCH monitoring (with 0.5/2ms SSSG periodicities) with DL WUS led to energy savings of approximately 29% and 10% for C-DRX configurations of (160ms, 8ms, 100ms) and (20ms, 10ms, 1ms), respectively. In a second scenario with even sparser PDCCH monitoring (0.5/4ms SSSG periodicities), energy savings increased to around 40% and 15% for the same respective configurations.  
Companies are encouraged to provide your views and more details of new functionalities.
	Company
	Comments/suggestions

	
	

	
	

	
	

	
	







8. Agreements in previous meetings
RAN1 #124bis

Agreement
For RRC connected state, study feasibility and necessity of serving cell RRM measurement by EE processing, considering at least: 
· UE energy saving gain
· Coverage (e.g., achievable SINR/SNR) and accuracy
· [bookmark: _Hlk227249613]Measurement metrics
· Impact on the EE processing complexity
· Based on at least 6GR sync signal
· other signals 
· other measurement
· Whether there is spec impact or not

Agreement
For RRC connected state, study feasibility and necessity of neighboring cell RRM measurement by EE processing, considering at least: 
· UE energy saving gain
· Neighboring cell measurement type, e.g., intra-frequency, inter-frequency
· Neighboring cell identification, measurement and evaluation 
· Neighboring cell number limitation if any
· Inter-cell interference
· Coverage (e.g., achievable SINR/SNR) and accuracy
· Measurement metrics
· Based on at least 6GR sync signal
· other signals 
· Impact on the EE processing complexity
the power consumption of neighboring cell RRM measurement based on EE processing
· Other limitations if any
· Whether there is spec impact or not

Agreement
Study 6GR OFDM sequence based DL WUS for waking up UE for at least paging purpose in RRC idle state, considering at least:
· UE energy saving gain 
· Impact to latency, if applicable
· Network overhead, complexity, and energy consumption
· [bookmark: _Hlk229246664]Distributed PO/PF and clustered PO/PF 
· Association between WUS monitoring occasion and PO
· UE behaviors after waking-up
· WUS indication granularity and the number of information bits carried by DLWUS
· WUS monitoring periodicity 
· WUS monitoring occasions 
· Multi-beam operation including at least QCL assumption
· Consequence of false alarm/miss detection
· Other impacts, if any
· Other RRC state if supported
· Other functionalities of 6GR DL WUS
· [bookmark: _Hlk229242369]Same or different carriers for DL WUS and paging 

Agreement
For the RAN1 study on DL WUS triggering PDCCH monitoring with and without C-DRX in RRC CONNECTED state, include:
· DL WUS is monitored periodically based on network configuration
· Once DL WUS is detected, UE starts PDCCH monitoring for a time duration, after a time offset
· the time duration, time offset
· whether WUS is monitored during the time duration 
· How UE stops PDCCH monitoring 
· How UE stops and starts WUS monitoring
· WUS triggering PDCCH monitoring is per cell or cell group
· One or more DL WUS configurations
· Other details if any


RAN1 #124

Agreement
Study 6GR DL WUS triggering PDCCH monitoring with and without C-DRX in RRC connected state, considering at least:
· UE energy saving gain
· Impact to UPT, if applicable
· Impact to latency, if applicable
· Impact to QoS/delay budget satisfaction rate, if applicable
· Network overhead/complexity
· Network energy consumption
· Other impacts, if any 

Agreement
For RRC idle state, study serving cell RRM measurement based on 6GR measurement signal (e.g., at least 6GR sync signal) by EE processing, considering at least: 
· UE energy saving gain
· measurement based on EE processing together with DL-WUS monitoring vs measurement based on non-EE processing together with DL-WUS monitoring 
· coverage (e.g., achievable SINR/SNR) and accuracy
· Impact on the EE processing complexity
For RRC idle state, study neighboring cell RRM measurement based on 6GR measurement signal (e.g., at least 6GR sync signal) by EE processing, considering at least: 
· UE energy saving gain
· measurement based on EE processing together with DL-WUS monitoring vs measurement based on non-EE processing together with DL-WUS monitoring
· Neighboring cell identification, measurement and evaluation 
· Neighboring cell number limitation, if any
· Inter-cell interference
· Coverage (e.g., achievable SINR/SNR) and accuracy
· Impact on the EE processing complexity
· FFS the power consumption of neighboring cell RRM measurement based on EE processing
Note: It doesn’t mean the measurement in EE processing has to be coupled with DL WUS monitoring
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10. Appendix : Proposals from contributions
R1-2603532_Nokia
1. For the 6GR study of UE operation with OFDM sequence-based DL WUS, assume that 6GR WUS monitoring is duty-cycled, with predefined time occasions.
1. For 6GR study of DL WUS, assume that UE monitors WUS(es) in one time occasions that may contain one or more (continuous) WUS monitoring occasions one per paging cycle.   
Proposal 3: For 6GR DL WUS study, assume that PDCCH and PDSCH based paging is supported, and that DL WUS can be used to trigger paging monitoring.
Proposal 4: In 6GR study of DL WUS consider support for larger number of sub-groups. Also consider that UE is able to monitor simultaneously multiple sequences.
Proposal 5: Feasibility and benefit of 6GR WUS to carry other type of indications, such as SI updated and ETWS/CMAS indication could be considered in 6GR WUS study.
Proposal 6: For paging monitoring triggering, further evaluate only OFDM based DL WUS.
Proposal 7: Serving and neighbor cell measurements based on EE processing state should be assumed to enable UE power efficient performance while removing the need to relax measurements, resulting overall better system performance.
Proposal 8: Feasibility and the benefit of 6GR WUS indicating the delivery of system information could be studied.
Proposal 9: RAN1 to investigate the benefit of using WUS operation to indicate the applied transmission approach for cell-common signaling.
Proposal 10: RAN1 to study use of DL WUS during PDCCH monitoring periods, considering:
•	Energy savings
•	Latency impacts
•	Additional signaling overheads including associated fallback procedures
•	Alternative shorter configurations of DRX cycles
Proposal 11: For Connected mode, when DL WUS is configured, DL WUS monitoring is resumed as soon as PDCCH monitoring has ended.
Proposal 12: RAN1 to study if additional L1 schemes (DCI, MAC-CE, timer, …) are justified to postpone the restarting of WUS monitoring after PDCCH monitoring has ended, considering:
o	Energy savings
o	Latency impacts
o	Additional signalling overheads including associated fallback procedures
Proposal 13: RAN1 identifies restrictions for UE when RRM measurements are performed by EE processing to maximize the UE power saving gain benefits.
Proposal 14: In connected mode, assume that serving cell measurements are performed using the EE processing state.
Proposal 15: In connected mode assume that neighbor cell measurements are performed using the EE processing state.
Proposal 16: In connected mode, cDRX operation with WUS is prioritized.
Proposal 17: RAN1 studies WUS for supporting simplified PDCCH monitoring adaptation framework, including but not restricted to:
•	Indicating dynamic adaptations of ACTIVE time settings including skipping indications
•	Aligning cell DTX/DRX and UE C-DRX operations for maximum efficiency 
•	Triggering and indicating SSSG switching (with/without additional indication of target SS)
•	Combining BWP and SSSG switching operations
Proposal 18: RAN1 studies WUS for early/late SSB/CSI measurement performing and reporting to maximize the UE uninterrupted deep sleeps.
Proposal 19: RAN1 studies WUS for decoupled UL and DL operations considering at least WUS-based indications for switching between multiple PUSCH CGs.
Proposal 20: RAN1 is proposed to study the feasibility and necessity of the sequence-based option for 2-stage DCI in the 10.6.1.2 agenda item. 
Proposal 21: RAN1 is proposed to study the feasibility and necessity of using DL WUS sequence for the sequence-based option for 2-stage DCI and to avoid introducing a new sequence other than DL WUS.
Proposal 22: Assume that serving and neighbor cell measurements can be done in EE processing state.
Proposal 23: Consider assuming lower residual synchronization error for EE processing state.
Proposal 24: Study further the alternatives of assuming that cell search can performed in (advanced) EE processing state or waking the UE to full active state to perform the cell search infrequently.
Proposal 25: RAN1 waits until 6GR IoT fundamental characteristics are agreed before studying the applicability/design of the DL 
Proposal 26: RAN1 strives to avoid separate designs of DL WUS for IoT and non-IoT devices.WUS in support of IoT.
Proposal 27: RAN1 prioritizes the study of DL WUS for IoT devices in RRC IDLE/INACTIVE mode.

R1-2603549_FUTUREWEI
Proposal 1: Consider DL WUS of OFDM based sequence for a unified early paging indication functionality in 6G using codepoints with at least an all subgroups indication codepoint, while supporting a maximum of at least 31 subgroups per PO and association to a maximum of at least 4 POs.
Proposal 2: Consider the use of DL WUS of OFDM based sequence to indicate paging occasions/frames sparse distribution, densely clustered distribution, and/or grouping 
Proposal 3: At least serving cell measurement based on EE processing together with DL-WUS monitoring should be a target design.
Proposal 4: Consider how to support dormancy indication using DL WUS of OFDM based sequence with an increased wake-up indication capacity, compared to Rel-19 LP-WUS design, for a unified energy saving information notification functionality in RRC Connected state of 6G.
Proposal 5: Consider PDCCH monitoring Active Time including the time when an onDurationTimer, an InactivityTimer, and RetransmissionTimers are running. DL WUS detection triggers the onDurationTimer, successful PDCCH decoding (re-)starts the InactivityTimer, and the RetransmissionTimers keep running while UE expects retransmission or retransmission grant.
Proposal 6: Consider UE stopping DL WUS monitoring when the onDurationTimer starts and (re-)starting DL WUS monitoring at the end of the PDCCH monitoring Active Time when DL WUS monitoring during the Active Time is not configured.

R1-2603601_Spreadtrum, UNISOC

Proposal 1: DL WUS occasion (similar as NR LO) can be introduced in 6GR. One DL WUS occasion consists of multiple DL WUS monitoring occasions and can be associated with multiple POs
Proposal 2: For wake up delay, the same mechanism in LP-WUS operation in NR can be a starting point.
Proposal 3: For the configuration of DL WUS monitoring occasion and periodicity, NR mechanism can be a starting point.
Proposal 4: Serving cell RRM measurement based on 6GR sync signal by EE processing in RRC idle/inactive state can be considered in 6GR.
Proposal 5: The necessity and UE energy saving gain of neighbouring cell RRM measurement by EE processing state requires further assessment and study.
Proposal 6: For DL WUS triggering PDCCH monitoring w/wo C-DRX, following cases should be considered:
• Use case#1: DL WUS with C-DRX configured.
Sub case#1-1: PDCCH monitoring is triggered by DL WUS. DL WUS can trigger the starting of the drx-onDurationTimer.
Sub case#1-2: PDCCH monitoring is triggered by DL WUS. DL WUS triggers a new timer configured by aNB.
• Use case#2: DL WUS without C-DRX configured. PDCCH monitoring is triggered by DL WUS only.
Proposal 7: For DL WUS triggering PDCCH monitoring w/wo C-DRX,
• Once DL WUS is detected, UE starts PDCCH monitoring for a time duration, after a time offset
For DL WUS with C-DRX, NR Option 1-1 and 1-2 can be baseline to determine the time duration and time offset. For DL WUS without C-DRX, both the time duration and time offset should be considered by aNB.
UE stop WUS monitoring duration the time duration.
• At least timer-based mechanism can be considered to stop PDCCH monitoring, when the timer is expired, UE enter sleep state and monitor DL WUS according to DL WUS configuration by aNB.
• WUS triggering PDCCH monitoring is cell group-level, which is similar as NR.
• One DL WUS configuration can be baseline.
Proposal 8: Serving cell RRM measurement based on 6GR sync signal by EE processing in RRC connected state can be considered in 6GR and entry&exit conditions of EE process state can be studied.

R1-2603659_vivo
Proposal 1: For the paging rate per PO, assume per UE paging rate as RE, REF= 1%, 0.1%, 0.01% or 0.001% and YREF = 1.28s, and group paging rate can be determined as below:
	Traffic
	Option 1 (baseline):
-	The traffic arrival is modelled as a Poisson Arrival Process where inter-arrival times are exponentially distributed, the mean arrival time is P = YREF / RE, REF, where
-	RE, REF= 1%, 0.1%, 0.01% or 0.001% and YREF = 1.28s
-	Per group paging probability RG = 1 – (1 – RE)N, where N is the number of UEs in the group
-	FFS: Value of N
-	For LP-WUS
-	Both per group and UE paging can be assumed.
Note:
-	For i-DRX with cycle duration Y second, 
-	Per UE paging probability RE = 1 – (1 – RE, REF )Y/YREF
-	For e-DRX with K i-DRX cycles duration, PTW duration of L i-DRX cycles, and an i-DRX cycle duration Y second
-	Per UE paging probability is
-	RE = 1 – (1 – RE, REF )(K-L+1)Y/YREF for the first i-DRX cycle within the PTW
-	RE = 1 – (1 – RE, REF )Y/YREF for each of the remaining L-1 i-DRX cycles within the PTW
-	L=4 
Other options are not precluded can be reported by companies.



- All above values are slot-averaged power (i.e., Pfr1 for FR1)
- Synchronous case means actual SSB transmissions from cells are time-aligned e.g., timing of SSBi from celli is aligned with timing of SSBi from cellj
Proposal 2: For intra-frequency measurement only by EE processing-synchronous case, consider the relative power below:
	5MHz BW, 1Rx

	N: Number of cells for intra-frequency measurement
	Synchronous case, FR1

	
	Measurement by EE processing in deep sleep
	Measurement by EE processing in light sleep
	Measurement by EE processing in micro sleep
	scaling factor to the power of WUS detection

	N=4
	15
	12
	10
	1.0

	N=8
	19
	15
	13
	1.3



	5MHz BW, 2Rx

	N: Number of cells for intra-frequency measurement
	Synchronous case, FR1

	
	Measurement by EE processing in deep sleep
	Measurement by EE processing in light sleep
	Measurement by EE processing in micro sleep
	scaling factor to the power of WUS detection

	N=4
	21
	17
	14
	1.0 

	N=8
	26
	21
	18
	1.3



Proposal 3: For intra-frequency measurement and cell search by EE processing-synchronous case, consider the relative power below:

	5MHz BW, 1Rx

	N: Number of cells for intra-frequency measurement & search
	Synchronous case, FR1

	
	Measurement by EE processing in deep sleep
	Measurement by EE processing in light sleep
	Measurement by EE processing in micro sleep
	scaling factor to the power of WUS detection

	N=4
	20
	16
	13
	1.3

	N=8
	24
	20
	16
	1.6 

	Note: Assume a list of 16 cell IDs is provided to UE, among which cell search is performed by EE processing



	5MHz BW, 2Rx

	N: Number of cells for intra-frequency measurement & search
	Synchronous case, FR1

	
	Measurement by EE processing in deep sleep
	Measurement by EE processing in light sleep
	Measurement by EE processing in micro sleep
	scaling factor to the power of WUS detection

	N=4
	27
	22
	18
	1.3

	N=8
	34
	28
	23
	1.6

	Note: Assume a list of 16 cell IDs is provided to UE, among which cell search is performed by EE processing


- All above values are slot-averaged power 
- Synchronous case means actual SSB transmissions from cells are time-aligned e.g., timing of SSBi from celli is aligned with timing of SSBi from cellj

Proposal 4: For the relative power of inter-frequency measurement only by EE processing, consider:
Power for measurement only per frequency layer: Pfr1, i.e., the same as the synchronous case of intra-frequency cell measurement power under the assumed same number of cells
FFS power for switch in/out of the frequency layer
Proposal 5: For asynchronous case of intra-frequency and inter-frequency case, cell search can be performed by non-EE processing, and for the identified cells, measurement can be performed by EE processing  with power consumption Pfr1, i.e., the same as the synchronous case of intra-frequency cell measurement power under the assumed same number of cells.
Proposal 6: For ultra deep sleep, further adopt addtional transition energy and total transition time (15000, 800ms) for IoT UE.
Proposal 7: Adopt the same scaling factors for light sleep as micro sleep.
Proposal 8: Study a unified 6GR DL WUS procedure for both eMBB and IoT use cases.
Proposal 9: UE monitors DL-WUS at WUS monitoring occasion(s) every I-DRX cycle.
Proposal 10: UE monitors paging PDCCH after a time offset when the target DL-WUS is successfully detected.
Proposal 11: Take TDMed WUS monitoring occasion as baseline in 6GR. FFS the necessity of FDMed WUS monitoring occasion.
Proposal 12: The association between WUS monitoring occasion and PO take NR Rel-19 as baseline when WUS monitoring occasion is TDMed. FFS the association when WUS monitoring occasion is FDMed.
Proposal 13: In 6GR, study finer WUS indication granularity than R19.
• FFS the number of subgroups indicated by DL-WUS 
Proposal 14: Study DL-WUS operation as a single DL wake up scheme for RRC idle in 6GR.
Proposal 15: EE processing for serving cell measurement is feasible with marginal additional UE processing complexity.
Proposal 16: For intra-frequency measurement and cell search by EE processing, study providing a list of neighboring cell IDs and limiting the time window for cell search to reduce the EE processing complexity.
Proposal 17: For asynchronous intra-frequency case and inter-frequency case, cell search can be performed by non-EE processing and measurement can be performed by EE processing.
Proposal 18: Study following basic procedure for 6GR DL WUS operation without and with C-DRX:
Network configures DL WUS monitoring occasions (MOs), including periodicity and time offset which are independently from the C-DRX periodicity/offset and UE monitors DL WUS at DL WUS MOs.
o For DL WUS without C-DRX, UE monitors DL WUS periodically.
o For DL WUS with C-DRX, UE monitors DL WUS periodically outside C-DRX active time, and C-DRX cycle / drx-onDurationTimer does not trigger PDCCH monitoring.
Up to network, the periodicity of DL WUS MOs can be explicitly configured the same as or different from C-DRX periodicity.
Upon DL WUS detection, UE starts PDCCH monitoring for time duration #1, after a configured time offset.
o The time duration#1 can be controlled by a timer, e.g., similar as NR lpwus-PDCCH-MonitoringTimer
o The time offset is configurable, including at least the DL WUS processing time, non-EE rpocessing transition time for ramp up, time/frequency synchronization for PDCCH monitoring, if needed
UE remains awake for time duration #2, if PDCCH indicates a new DL or UL transmission. 
During the time duration#1 where UE monitors PDCCH after waking up by DL WUS, UE is not required to monitor DL WUS.
o study whether/how to monitor DL WUS during time duration#2, depending on the design of time duration#2. 
The UE stops monitoring the PDCCH and starts DL WUS monitoring, when one of following is satisfied
o Upon receiving dynamic signaling to stop PDCCH monitoring
o After time duration #1 and #2 expire
Proposal 19: For time duration #2, which is used to extend PDCCH monitoring when PDCCH indicates a new DL or UL transmission, the following options can be considered. The configured value of time duration #2 should be shorter than the legacy NR C-DRX drx-InactivityTimer.
Option 1: use the same Timer as that for controlling time duration#1
Option 2: use a separate Timer, different from the timer for time duration#1 and from drx-InactivityTimer 
Option 3: use the C-DRX like drx-InactivityTimer with a shorter value
Proposal 20: For DL WUS operation without and with C-DRX, DL and UL HARQ operation related Timers such as RetransmissionTimer and HARQ-RTT-Timer is needed.
Proposal 21: For 6GR connected UE energy saving study for eMBB-like aperiodic traffic, PDB  within the range of [30, 100ms] should be prioritized.
Proposal 22:
Support DL WUS operation without C-DRX for 6GR connected mode operation, as it is proved to be the only solution that can achieve significant UE power saving while fulfill the delay requirement for typical eMBB traffics (PDB 30ms~100ms).
DL WUS operation with C-DRX to mimic NR DCP scheme can be realize by configuring WUS monitoring periodicity to be the same as C-DRX cycle. 
Proposal 23: For DL WUS operation without C-DRX, L1/L3 measurements and reporting periodicity (including both EE and non-EE processing based measurement) is explicitly configured by network. While details can be addressed in the later stage.
Proposal 24: For collection of UE energy saving gain results for serving cell RRM measurement by EE processing in RRC connected, at least the following cases are considered:
Case 1:No neighboring cell RRM measurement
	Case
	Serving cell RRM measurement
	Neighboring cell RRM measurement
	Trigger for PDCCH monitoring

	Case1-1
	Non-EE processing
	Not applicable
	C-DRX only

	Case1-2
	Non-EE processing
	Not applicable
	C-DRX with DCP

	Case 1-3
	Non-EE processing
	Not applicable
	DL WUS

	Case 1-4
	EE processing
	Not applicable
	C-DRX only

	Case 1-5
	EE processing
	Not applicable
	C-DRX with DCP

	Case 1-6
	EE processing
	Not applicable
	DL WUS


 Case 3: For UE with full neighboring cell RRM measurement
	Case
	Serving cell RRM measurement
	Neighboring cell RRM measurement
	Trigger for PDCCH monitoring

	Case 3-1
	Non-EE processing
	Non-EE processing w/o relaxation
	C-DRX only

	Case 3-2
	Non-EE processing
	Non-EE processing w/o relaxation
	C-DRX with DCP

	Case 3-3
	Non-EE processing
	Non-EE processing w/o relaxation
	DL WUS

	Case 3-4
	EE processing
	Non-EE processing w/o relaxation
	C-DRX only

	Case 3-5
	EE processing
	Non-EE processing w/o relaxation
	C-DRX with DCP

	Case 3-6
	EE processing
	Non-EE processing w/o relaxation
	DL WUS


Proposal 25: For collection of UE energy saving gain results for neighboring cell RRM measurement by EE processing in RRC connected, at least the following cases are considered:
	Case
	Serving cell RRM measurement
	Neighboring cell RRM measurement
	Trigger for PDCCH monitoring

	Case 4-1
	EE processing
	Non-EE processing w/o relaxation
	DL WUS

	Case 4-2
	EE processing
	Non-EE processing w 4/16 times relaxation 
	DL WUS

	Case 4-3
	EE processing
	EE processing
	DL WUS


Proposal 26: The study of serving cell measurement by EE processing for RRC connected mode should include RLM in addition to RRM measurement to obtain the promising overall power saving gain, while separately evaluating RLM feasibility due to the different metric and reliability requirements from RRM measurement.
Proposal 27: For RRC connected state, study feasibility and necessity of serving cell RLM measurement by EE processing, considering at least:
UE energy saving gain
Coverage (e.g., achievable SINR/SNR) and accuracy
Measurement metrics
Impact on the EE processing complexity
Based on at least 6GR sync signal
other signals 
Whether there is spec impact or not
Proposal 28: Study on-demand SSB/RS triggered by DL WUS for paging reception in RRC idle state and PDSCH reception in RRC connected state in 6GR.
Proposal 29: 6GR should study supporting WUS monitoring during Cell DTX inactive period to trigger on-demand cell DTX active period, improving scheduling flexibility and latency while maintaining low power consumption.
Proposal 30: Deprioritize the WUS function that WUS directly triggers  RACH transmission.

R1-2603668_Ericsson
Proposal 1	The 6GR WUS should be studied in all RRC states (like 5G WUS in Idle/Inactive, Connected states) to provide energy saving for devices in different use cases and scenarios.
Proposal 2	Study the feasibility and necessity of including additional information in DL WUS considering the tradeoff with reliability, WUS duration, and NW overhead.
Proposal 3	Consider monitoring paging PDCCH as the baseline UE behavior after waking up from DL WUS reception.
Proposal 4	The WUS payload should be small-medium (e.g., < [8] bits) depending on the WUS functionalities.
Proposal 5	WUS monitoring periodicity should be aligned with paging periodicity in Idle state.
Proposal 6	Support same carrier for DL WUS and paging.
Proposal 7	To avoid overlapping functionalities, design one single WUS tool for paging indication in Idle/Inactive state.
Proposal 8	Design only one option for 6G WUS monitoring in Connected state.
Proposal 9	To avoid overlapping functionalities, design one single WUS feature for PDCCH monitoring indication in Connected state.
Proposal 10	Only 6GR sync signal should be considered for RRM measurement by EE processing in Connected state
Proposal 11	Study the feasibility and necessity of performing RLM/BFD measurement based on 6GR measurement signal by EE processing.
Proposal 12	New power values are needed for multi-cell intra/inter frequency RRM measurement with EE processing considering the active components in different sleep states.

R1-2603704_ZTE Corporation, Sanechips
Proposal 1: For DL WUS in idle/inactive state, the evaluation assumptions defined in TABLE 1 can be used as a starting point.
Proposal 2: For DL WUS evaluation assumption in connected state, company should report the following assumptions,
-	Traffic Parameters (e.g., frame rate, data rate, jitter range, etc., if needed.)
-	DRX configurations, if used
-	How to use DL WUS, e.g., DL WUS to trigger/adapt PDCCH monitoring
-	Other details if any
Proposal 3: Finer group granularity than 5G should be considered for group-based WUS.
Proposal 4: UE specific WUS should be considered at least for UEs that is in the last used cell.
Proposal 5: UE should monitor paging DCI after wake-up triggered by group-based WUS.
Proposal 6: Consider one wake-up delay as starting point for group-based WUS.
Proposal 7: UE monitors UE specific DCI or sends msg 1 after wake-up triggered by UE specific WUS.
Proposal 8: DL small data transmission in RRC inactive state triggered by UE specific WUS should be studied in 6G.
Proposal 9: UE specific WUS and group based WUS use the same delay .
Proposal 10: Group-based WUS monitoring occasion should be associated with PO based on distributed PO/PF or clustered PO/PF.
Proposal 11: FDM WUS occasion can be considered for group-based WUS.
Proposal 12: UE specific WUS occasion can be configured separately from the paging occasions if UE does not need to monitor paging DCI.
Proposal 13: The association between WUS monitoring occasion and PO should be studied based on multiplex method of WUS monitoring occasion.
Proposal 14: SSB can be used as QCL assumption for both group-based WUS and UE specific WUS as a starting point.
Proposal 15: If CA framework in idle/inactive state is supported, how the WUS operate with multi-carrier/cell should be studied including cross cell wake-up.
Proposal 16: In RRM measurement in idle/inactive state, consider fully EE measurement and partial EE measurement procedure for evaluation.
Proposal 17: For intra-frequency measurement in EE processing, the following can be considered for power modeling
• synchronous case with 4 cells: P*1.2
• synchronous case with 8 cells: P*1.5
• asynchronous case with 4 cells: P*1.4
• asynchronous case with 8 cells: P*1.7
• P is the power consumption of SSB measurement in EE processing.
Proposal 18: For inter-frequency measurement in EE processing, the power consumption can be obtained by:
P*N + Pt*Tt*(N+1)
• P is the power consumption of SSB measurement in EE processing in one frequency layer
• N is the number of frequency layers measured
• Pt is the switching power consumption, assume micro sleep power for Pt.
• Tt is 0.5ms for FR1 and 0.25ms for FR2
Proposal 19: Study the following three options for connect state:
• Scheme#1: WUS indicates whether or not to activate a configured DRX ON.
• Scheme#2: WUS dynamically triggers a DRX active time.
• Scheme#3: WUS dynamically triggers PDCCH monitoring when DRX is not configured.
Proposal 20: CSI measurement and report triggered by WUS before active time for PDCCH monitoring can be considered.
Proposal 21: Dynamic DRX parameters adaptation indicated by WUS can be considered.
Proposal 22: A set of power saving parameters can be indicated by WUS outside active time.
Proposal 23: Whether or not EE processing can be performed during active time should be discussed.
Proposal 24: If EE processing can be performed during active time, power saving parameters can be indicated by WUS during DRX active time.
Proposal 25: Study efficient WUS function to trigger finer SCell wake-up and study the relationship with SCell dormancy.
Proposal 26: EE serving/neighbor cell measurement in connected focus on 6G sync signal.
Proposal 27: For EE serving/neighbor cell measurement in connected mode, the PSG can be evaluated based on following cases
• Case1: normal serving/neighbor cell measurement
• Case2: EE serving/neighbor cell measurement
• Case3: partial EE serving/neighbor cell measurement
Proposal 28: Use 5G PSS/SSS for coverage evaluation as starting point or wait for outcome of 6GR sync signal
Proposal 29: Further study whether EE processing could be applied for RLF, BFR and L1 measurement, including
• The reliability of EE measurement based RLF
• The feasibility of EE measurement based BFR in high frequency range and high speed scenario
• The feasibility of EE processing based L1 measurement and report
Proposal 30: 6G sync signal is used for serving cell/neighbor cell measurement, No further study CSI-RS based EE processing.
Proposal 31: Use RSRP, RSRQ, RINR as measurement metrics in connected mode for measurement. Further discuss whether interference estimation is feasible for EE processing.
Proposal 32: Further study the spec impact from EE processing in connected mode includes
• The case when EE measurement is overlapping with other transmission
• The case when EE measurement based report is distinguished from normal measurement

R1-2603778_InterDigital, Inc.
Proposal 1: Support DL-WUS via low-power receiver-based operation as well as main radio-based operation at the UE from 6GR-day 1.
Proposal 2: Support DL-WUS monitoring for all RRC states supported in 6GR, including RRC INACTIVE states if supported.
Proposal 3: Support flexible configuration of DL-WUS monitoring allowing intra- and inter-band LR and MR operations.    
Proposal 4: Support DL-WUS monitoring at least with UE DRX operation. 
Proposal 5: Support fast adaptation of DL-WUS configuration based on network energy saving operation and available network resources.
Proposal 6: Support activation/deactivation of DL-WUS monitoring based on at least channel measurement (e.g., entry/exit conditions) potentially with UE assistance.
Proposal 7: Support a fallback operation (e.g., based on a timer) for DL-WUS monitoring.
Proposal 8: Energy saving with DL-WUS should be evaluated at least with different sleeping states:
RRC CONNECTED mode: For micro sleep, light sleep and deep sleep states.
RRC IDLE/INACTIVE modes: At least for deep sleep and ultra deep sleep states.
Proposal 9: Study DL-WUS monitoring behavior depending on different sleeping states (e.g., different activation times). 
Proposal 10: Support a synchronization signal dedicated to EE mode UE operation. 
Proposal 11: Support EE mode-based mobility and cell (re)selection including offloading neighbouring cell measurement by using 6GR sync signal and dedicated synchronization signal for EE mode operation. 
Proposal 12: Support beam-based operation for DL-WUS monitoring. 
Proposal 13: Support wake-up indication for controlling PDCCH monitoring as the baseline operation of RRC CONNECTED state DL-WUS monitoring. 
Proposal 14: Support use of DL-WUS to control PDCCH monitoring complexity. 
Proposal 15: Support fast carrier activation and deactivation procedures via DL-WUS.
Proposal 16: Support aperiodic UE DRX active time based on DL-WUS indication. 
Proposal 17: Support UE in EE mode performing RRM, RLM, BFR, and CSI related measurements and reporting. 
Proposal 18: Support a common DL-WUS design that uses subgroup-based wake-up indication for controlling paging monitoring as the baseline operation for both RRC IDLE and RRC INACTIVE states.
Proposal 19: Support different wake-up procedures based on DL-WUS to support different latency requirements.

R1-2603804_NEC
Proposal 1: Support OFDM sequence-based DL WUS for paging monitoring indication as a UE mandatory feature, and do not support reduplicate PEI-like mechanism.
Proposal 2: Support serving cell and neighbouring cell measurement by LR in 6GR.
Proposal 3: Study PSS/SSS and additional synchronization signal to facilitate neighbour cell measurement by LR, especially for the cell ID identification.
Proposal 4: Support configuring a neighbour cell list to UE for LR measurement, and UE behaviour should be defined when UE fails to find a new cell in the list by LR.
Proposal 5: Study mechanisms for separately or jointly triggering an active time of cell DTX/DRX and C-DRX by DL WUS.
Proposal 6: For RRC connected, support a unified DL WUS monitoring configuration for the cases with and without C-DRX.
Proposal 7: Support utilizing DL WUS for adaptation of cell DTX/DRX or C-DRX.
Proposal 8: Study joint design of PDCCH skipping and DL WUS, e.g., utilizing DL WUS to resume PDCCH monitoring without a predicted skipping period.
Proposal 9: Study a unified design of DL WUS for multiple use cases, e.g., define unified and scalable coding, modulation and resource mapping schemes for different use cases.
Proposal 10: Study a procedure to maintain same coverage between DL WUS and its associated PDCCH, when resource of PDCCH updates.
Proposal 11: At least in RRC connected, support UE to monitor multiple DL WUS signals for different purposes, and each with an individual configuration.

R1-2603820_Panasonic
Proposal 1:	For the study of DL WUS operation for paging purpose, the following options should be compared:	                - Option1: DL WUS triggers UE to wake up for monitoring paging DCI		 
	- Option2: DL WUS triggers UE to wake up for the paging message reception in the indicated PO - Option3: DL WUS carries the paging message and triggers UE to wake up for RACH procedure
Proposal 2:	For both serving cell and neighboring cell measurement in both RRC CONNECTED state and RRC IDLE state, the feasibility of the same measurement operation should be considered
Proposal 3:	Serving cell RLM measurement by EE processing should be studied at least from power saving gain and measurement accuracy aspects in RRC CONNECTED state

R1-2603871_Apple
In this contribution, we discussed the physical layer procedures related to DL WUS operations for both idle/inactive and connected modes, and proposed the following:
Idle/inactive mode
Proposal 1: For 6GR idle/inactive mode, consider a unified WUS-based framework to replace NR PEI and LP-WUS.
The framework should include the necessary support for the implementation of both EE processing and non-EE processing for WUS (e.g. by supporting different wake-up delay).
Proposal 2: Consider the transmission of a reference signal for synchronization purpose before paging reception after a WUS is transmitted.
Proposal 3: For the study of DL WUS waking up UE for paging purpose for idle UEs, consider:
UE-(sub)group based indication
o Note that UE-specific indication may be supported by network implementation by having a single UE in one (sub)group.
After receiving DL WUS, UE monitors paging PDCCH.
Proposal 4: Study the feasibility and accuracy of performing neighbor cell RRM measurement with EE processing, considering intra-freq and inter-freq measurement, the required cell detection, and the control logic.
Note: this applies to both idle and connected mode.
Note: the feasibility of using EE processing for neighbor cell measurement still needs investigation.
Proposal 5: For the study of DL WUS in idle mode, it is assumed that serving cell RRM measurement can be performed with EE processing.
FFS whether it is assumed that this can completely replace the serving cell RRM measurement with non-EE processing
Connected mode
Proposal 6: For 6GR connected mode, consider a unified WUS-based framework to replace NR DCP and LP-WUS.
The framework should include the necessary support for the implementation of both EE processing and non-EE processing for WUS (e.g. by supporting different wake-up delay).
Proposal 7: For 6GR connected mode, consider the support of DL WUS with C-DRX.
Proposal 8: For 6GR connected mode, consider separate configuration of measurement cycle and PDCCH monitoring cycle (C-DRX periodicity or WUS monitoring periodicity).
Proposal 9: For 6GR connected mode, consider WUS during C-DRX active time together with other NR features such as cross-slot scheduling, PDCCH skipping, SSSG switching, and short C-DRX cycle.
Proposal 10: For serving cell RRM measurement by EE processing in connected mode, RAN1 to jointly study the feasible measurement metrics (e.g., L1-RSRP vs. L1-SINR) and the measurement accuracy.
In particular, study whether it can achieve similar measurement accuracy as non-EE processing and whether it may lead to mobility performance degradation.
Proposal 11: If EE processing of serving cell RRM measurement cannot achieve similar accuracy as non-EE processing for connected mode, RAN1 to study the conditions to trigger serving cell RRM measurements by EE processing, including channel conditions (e.g., sufficiently good SNR) and the necessary fallback mechanisms (e.g., waking up the MR for high-accuracy verification before finalizing any L3 mobility event). 

R1-2603877_Kyocera
Proposal 1	The introduction of UE-specific identifiers into the DL WUS should be avoided from the following perspectives: 
・ Reduced energy savings compared to just monitoring PDCCH occasionally 
・ Signal processing complexity in the EE processing state
Proposal 2	RAN1 should aim for a lightweight DL WUS design for paging purposes.
Proposal 3	For the PDCCH monitoring trigger procedure of DL WUS in RRC Connected state, prioritize the following procedure coordinated with C-DRX:
	DL WUS is monitored before the start of the C-DRX on-duration according to a configured time offset.
	If the received DL WUS addressed to this UE, triggers the start of the corresponding C-DRX on-duration, during which PDCCH monitoring is performed.
	If the received DL-WUS does not address this UE, UE skips the C-DRX on-duration for that cycle and maintains sleep.
Proposal 4	Adopt the following function as the baseline for the study:
	Reuse the existing drx-onDurationTimer for the PDCCH monitoring duration.
Proposal 5	RAN1 should study the feasibility of BD reduction using DL WUS in RRC Connected state.

R1-2603921_CATT
Proposal 1: The sequence-based DL WUS triggering UE paging PDCCH monitoring should be designed as the basic functionality of DL WUS in the RRC_IDLE/INACTIVE state.
Proposal 2: DL WUS with indication TRS/CSI-RS availability could be considered in RRC_IDLE/INACTIVE state.
Observation 7: Although the UE-specific indication can obtain the maximum UE power saving gain, it might not be feasible due to the following limitations:
The sequence pool design for UE-specific indication.
The assignment and configuration of per-UE sequences in the RRC_IDLE state.
Observation 8: The UE-group indication is preferable as it requires a limited sequence pool and achieves good sequence correlation properties. The following can be further considered:
Improving the precision of the UE-group indication.
Designing finer UE-group indication to balance the signalling overhead and UE power saving gain.
Proposal 3: The UE-group indication via DL WUS would be supported at least for the RRC_IDLE state.
Proposal 4: The FDMed DL WUS monitoring occasion combined with the TDMed DL WUS occasion can be considered to reduce system overhead and the payload requirement of the DL WUS design in 6GR.
Proposal 5: In 6GR, the monitoring occasion of the DL WUS could be configured based on the configured PO/PF.
Proposal 6: For a UE monitoring DL WUS in RRC_IDLE/INACTIVE state, the following can be considered as a baseline: the periodicity of the DL WUS monitoring occasion is same as paging PDCCH monitoring periodicity.
Proposal 7: Apart from paging PDCCH indication and indicating TRS/CSI-RS, carrying short message of the DL WUS could also be considered in RRC_IDLE/INACTIVE state.
Proposal 8: For DL WUS triggering PDCCH monitoring with C-DRX, it could be used to coordinate with the C-DRX, including the following potential indications:
Indicating whether to start the PDCCH monitoring timer of C-DRX, similar to the DCP or LP-WUS in 5G NR.
Indicating the adjustment of the timer of PDCCH, such as the start time or the duration of the PDCCH monitoring timer, subject to RAN2 discussion.
Indicating the adjustment of the parameters of the PDCCH monitoring.
Proposal 9: The timer of PDCCH monitoring with C-DRX can be semi-statically configured via the high layer signalling or indicated by DL WUS.
Proposal 10: For DL WUS triggering PDCCH monitoring with C-DRX, the study on per cell/per sub-cell group PDCCH monitoring within a cell group configured by C-DRX is left for RAN2 discussion. 
Proposal 11: The UE-group indication via DL WUS would be preferable to cooperate with C-DRX for efficient indication and to align the C-DRX among the UEs.
Proposal 12: A time offset shall be introduced between DL WUS MO and the start of the C-DRX on duration timer to cover at least UE waking up delay.
Proposal 13: The DL WUS should be designed to indicate the PDCCH monitoring, including the following indications:
Indicating when to start the PDCCH monitoring window.
Indicating the adjustment of the duration of the PDCCH monitoring window.
Indicating the detailed parameters of the PDCCH monitoring.
Proposal 14: For the DL WUS without C-DRX, per cell indication and cell group indication could be both used for scheduling flexibility and UE power saving.
Proposal 15: The UE-specific indication by DL WUS without C-DRX would be preferable for a flexible indication to fit the burst traffic of the UE.
Proposal 16: A time offset shall be considered for determining PDCCH monitoring window to meet UE waking up delay. In addition, 6GR can study whether the time offset can be adjusted by DL WUS for other purposes.
Proposal 17: The DL WUS could be used for other indications in the RRC_CONNECTED state, including the following functionalities:
Assisting in SCell management.
Assisting in Antenna/TRP adaptation.
Assisting in RACH transmission.
Indicating the CSI measurement and report.
Proposal 18: The DL WUS could be a supplementary indication of the Cell DTX/DRX.
Observation 9: The RSRP accuracy requirements based on PSS/SSS, such as ±3.5 dB accuracy at SINR= -4 dB for RRC_IDLE state and ±2 dB accuracy at SINR= -6 dB for intra-frequency measurement for RRC_CONNECTED state, can be used as a reference for RRM accuracy in 6GR.  
Proposal 19: The following remaining issues for RRM should be studied:
The accuracy target.
How to calculate RSRP.
The baseline assumption for LP RRM.
The power model for evaluation.
Proposal 20: EE-based RRM is not expected to participate directly in decision-making for cell reselection. 
Proposal 21: When UEs in the RRC_IDLE state performs neighbouring cell measurement, it is necessary to introduce an offload criterion for neighbouring cell measurement.
Proposal 22: For RRM in RRC_CONNECTED state, RAN1 should provide careful evaluation on EE processing based RRM. If the RRM performance can be ensured, it is expected to allow UE to use EE processing to perform RRM for better user experience. 








R1-2603989_Xiaomi
Proposal 1: For the evaluation of paging-purpose DL WUS, the actual UE wake-up probability, jointly determined by the FAR and the UE-group wake-up probability, should be taken into account.
Proposal 2: For the evaluation of paging-purpose DL WUS in RRC idle state, the following cases should be studied and evaluated.
Case 1: DL WUS only considering serving cell RRM measurement;
Case 2: DL WUS considering only inra-frequency neighbor cell RRM measurement;
Case 3: DL WUS considering both inra-frequency and inter-frequency neighbor cell RRM measurements.
Proposal 3: For the evaluation of serving cell RRM measurement by EE processing in RRC idle state, the following cases should be provided.
Case 1:No neighboring cell RRM measurement
Case 1-1 vs Case 1-4
Case 1-2 vs Case 1-5
Case 1-3 vs Case 1-6
Case 2:For UE with relaxed neighboring cell RRM measurement
Case 2-1 vs Case 2-4
Case 2-2 vs Case 2-5
Case 2-3 vs Case 2-6
Case 3: For UE with full neighboring cell RRM measurement
Case 3-1 vs Case 3-4
Case 3-2 vs Case 3-5
Case 3-3 vs Case 3-6
Note: the definition of the above cases refers to [FL2] Proposal 5.2.1-1r1 in 10.6.1.2 final FL summary of RAN1#124bis.
Proposal 4: For the evaluation of neighboring cell RRM measurement by EE processing in RRC idle, the following cases should be provided.
Baseline1: I-DRX with DL-WUS
Case 1-1:baseline1 vs Case1-2
Case 1-1:baseline1 vs Case1-4
Baseline1: I-DRX w/wo PEI
Case 1-1:baseline2 vs Case1-3
Case 1-1:baseline2 vs Case1-5
Note: the definition of the above cases refers to [FL2]Proposal 5.2.2-1 in 10.6.1.2 final FL summary of RAN1#124bis.
Proposal 5: Support use cases defined in NR LP-WUS as baseline for the design of DL WUS in the RRC connected state.
Proposal 6: When a UE is configured with multi-cell PDCCH monitoring, implicit mechanisms/rules to determine the target cell(s) for PDCCH monitoring upon wake-up could be studied.
Proposal 7: C-DRX with and without DCP can be used as the baseline for evaluating power saving for DL WUS.
Proposal 8: For the evaluation of DL WUS triggering PDCCH monitoring in RRC connected state, the following cases should be studied and evaluated.
Case 1: DL WUS only considering serving cell measurement;
Case 2: DL WUS considering only inra-frequency neighbor cell measurement;
Case 3: DL WUS considering both inra-frequency and inter-frequency neighbor cell measurements.
Proposal 9: The feasibility of new functions for DL WUS needs to be studied, and the following research points can serve as starting points for discussion.
BD reduction information
SCell dormancy indication
Reference signal indication information

R1-2604024_CMCC
Based on the agreements achieved under AI 10.6.1.2 and CMCC’s analysis, this contribution proposes the following proposals:
Proposal 1: It is recommended 6GR to consider the following two sub use cases for CONNECTED DL WUS: 
- sub case 1: The DL WUS is used to indicate whether the UE is going to monitor the upcoming DRX ON duration (DCP-like). 
- sub case 2: The DL WUS is used to activate PDCCH monitoring and it is applicable for both with/without C-DRX configuration.
Proposal 2: For RRC CONNECTED states, study the feasibility and necessity of serving cell and neighboring cell RRM measurement by EE processing, considering
-  Whether measurement by low power receiver (EE processing) will interrupt the data receptions by main radio
- Existing signals should be considered for measurement by EE processing.
- RRM measurement relaxing by EE processing could be consider and this has some spec impact.
Proposal 3: 
- Study how to define a single discontinuous DL WUS monitoring framework that can accommodate both with-C-DRX and without-C-DRX scenarios. 
- Study the feasibility of DL WUS carrying SCell dormancy indication and/or PDCCH blind decoding reduction information for further UE power saving.
Proposal 4: It is recommended that 6GR to study 
- Sub use case 4: DL WUS for paging indication
- Sub use case 5: DL WUS for considering DL small data transmission or triggering downlink small data reception in UE.
Proposal 5: It is recommended that 6GR study the following aspects for WUS indication granularity and monitoring occasions: 
- Study a finer and proper indication granularity for DL-WUS for better trade-off between power saving gain and network overhead. 
- Study the feasibility and benefit of FDMed LOs in addition to TDMed LOs from the perspective of network energy saving and UE power saving. 
- Study how to reduce the number of UEs in a DL WUS subgroup to achieve more UE power saving gains, e.g., via multiple FDMed DL WUS resources.
Proposal 6: It is recommended that 6GR study: 
- A single DL wake-up scheme for RRC IDLE state that can accommodate both distributed PO and clustered PO triggering via DL WUS. 
- A unified paging framework using WUS MO (derived from legacy NR PO rules) as a common reference point for both WUS-configured and non-WUS-configured scenarios, avoiding disjoint paging mechanisms.
Proposal 7: It is recommended that 6GR study: 
- How to support a cell-specific transmission (in addition to UE-subgroup-based transmission) for DL WUS operation to improve resource/energy efficiency. 
- How to reduce the resource overhead for DL WUS operation, e.g., by optimizing LO design and WUS monitoring occasion duration.
Proposal 8: For both EE processing and non-EE processing, same 6GR measurement signals (e.g., PSS/SSS) are used for serving cell measurements for RRC IDLE/INACTIVE states.
Proposal 9: 6GR PSS/SSS can be considered to be designed to fit for neighboring cell measurement signal for EE processing for RRC IDLE/INACTIVE states.
Proposal 10: The above aspects should be studied for 6GR DL WUS in RRC IDLE/INACTIVE states. In particular: 
- Study how to support multi-beam operation for 6GR DL WUS in idle/inactive mode. - Consider the transmission of a reference signal for synchronization purpose before paging reception after a WUS is transmitted, to facilitate UE synchronization especially when larger SSB periodicity is used. 
- Target one single WUS tool for paging indication in 6GR, avoiding duplication with other wake-up mechanisms.

R1-2604060_LG Electronics
Proposal #1: For UEs in RRC non-connected mode, study how to associate WUS monitoring occasions with PF/PO, considering
- Dynamic PO adaptation (e.g., between distributed PF/PO and clustered PF/PO)
- Multiple WUS monitoring occasions in frequency domain
Proposal #2: For UEs in RRC non-connected mode, consider at least the following functionalities of DL WUS.
- Indication of UE’s paging monitoring (i.e., similar to Rel-19 LP-WUS for idle/inactive UEs)
- Adaptation indication of common signals/channels (e.g., paging, SS/PBCH, SI, PRACH)
- Short messages indication
Proposal #3: For UEs in RRC non-connected mode, take UE-common DL WUS as baseline and deprioritize UE-dedicated DL WUS, considering WUS payload size and resource overhead.
Proposal #4: Further study the necessity of the scenario where carrier for DL WUS is different from carrier for paging.
Proposal #5: Adopt the following power scaling factor for intra-frequency neighboring cell RRM measurement based on EE processing in RRC IDLE mode.
	N: Number of cells for intra-frequency measurement
	Synchronous case
	Asynchronous case

	
	FR1
	FR1

	N=8
	1.5
	1.7

	N=4
	1.2
	1.4


- Assume the neighbor cells are known cells
o No cell identification/search is performed by EE processing
- N includes serving cell(s) and configured neighbor cell(s)
- FFS: Power scaling when cell identification/search is performed by EE processing, if feasible
- FFS: Power scaling for inter-frequency measurement by EE processing considering neighboring/frequency/carrier limitation, if feasible
- Note: Sleep power is not scaled by the table
- Note: FR1 includes ~7GHz
Proposal #6: For UEs in RRC connected mode, consider DL WUS to indicate whether UE starts a PDCCH monitoring timer after a time offset, without configuring DRX (i.e., similar to Rel-19 LP-WUS option 1-2).
Proposal #7: For UEs in RRC connected mode, study DL WUS monitoring during the PDCCH monitoring timer, considering the following aspects:
- Different types/functionalities depending on whether DL WUS is outside or during PDCCH monitoring timer
- Different time domain resource patterns (e.g., periodicity and offset) depending on whether DL WUS is outside or during PDCCH monitoring timer 
Proposal #8: For UEs in RRC connected mode, consider DL WUS to enable the following functionalities and study how to make DL WUS associated with PDCCH configuration.
- Indication of SSSG switching and/or PDCCH skipping
- Adjustment of PDCCH monitoring parameters (e.g., the number of BD candidates, aggregation level, etc.)
Proposal#9: For UEs in RRC connected UE, study the feasibility and UE energy saving gain of RLM/BFD measurement based on 6GR measurement signal by EE processing.
Proposal #10: Study the harmonized design of DL WUS operation and cell DTX/DRX.

R1-2604125_OPPO
Proposal 1: For UE energy efficiency, the 6GR should consider energy efficient design for DL control channel and related wake-up triggering. UE energy efficiency should avoid duplication of design similar function, i.e., strive for a single Wake-up signal.
DL WUS is the main solution for wake-up operation in both Idle/Connected states.
Proposal 2: The general functionality of DL WUS is to provide the wake-up indication for UE(s)/UE group(s), regardless of RRC states.
Strive for a common design for different RRC states.
Proposal 3: Considering the functionality other than wake-up by DL WUS in Connected State, study the feasibility of:
Dormancy indications for Scell(s).
Providing information to reduce complexity of PDCCH blind detection after wake-up.
Proposal 4: In 6GR study, lower values of residual Frequency Error for DL WUS reception is assumed for EE processing. 
For FR1, EE mode’s Frequency Error assumption is up to 2 ppm.
For ~7GHz, EE mode’s Frequency Error assumption is up to 1 ppm.
Proposal 5: Measurement periodicity for sync signals should be considered to meet the time & frequency synchronization for DL WUS.
Proposal 6: In the 6GR study, we can conclude that single waveform DL WUS can support full coverage in all states with resources comparable to PDCCH.
DL WUS adopt intercell interference mitigation design to ensure WUS operation in RRC connected state. 
Proposal 7: RAN1 evaluate different options of synchronization signal solutions for DL WUS synchronization and RRM measurement
The sync part of DL WUS.
The Low Power sync signal specific for WUS detection.
The common sync signal well balanced for initial access by MR and WUR’s synchronization and RRM measurement.
Proposal 8: RAN1 study WUR measurement for RRC Connected mode in 6GR, based on the different sync signal options.
Study the measurement procedure by WUR.
Proposal 9: Study unified DL WUS monitoring resources with DL control.
Considering the same or bundled resources for both DL control and WUS.
Proposal 10: Depending on the WUS payload bit, study the directly sequence mapping or coding schemes for encoding in Connected state. 
Proposal 11: For better spectrum efficiency, study the link adaptation scheme for DL -WUS to reduce the overhead in RRC connected state.
Proposal 12: Study the DL WUS triggered PDCCH monitoring procedure in Connected state. 
A PDCCH monitoring duration can be configured for DL WUS.
Proposal 13: 6GR DL WUS provides a sub-group level indication on whether to monitor its associated PO.
Study the exacted sub-group number for UE Paging earlier indication.
Proposal 14: Considering the functionality other wake-up by DL WUS in Idle State, study the feasibility of:
Aperiodic TRS indication.
Providing synchronization assistance by DL WUS.
Proposal 15: As broadcast channel, DL WUS of OFDM-based sequence targets to full coverage in RRC Idle State in 6GR.
Configurable resources are supported to meet different scenarios.
Proposal 16: For UEs receiving DL WUS of OFDM-based sequence in RRC idle stats, 6GR study measurement condition for both serving and neighbor cell measurements and the feasibility for measurement by WUR, 
Cell reselection can be done based on WUR measurement.
The DL WUS monitoring for UE is not enable/disable by measurement.
Proposal 17: Study one common design of DL WUS structure and monitoring for different RRC states, considering 2 options:
The common control search space monitoring occasion can be applied for 6GR DL WUS in Idle state.
Associations between common control monitoring occasions and DL WUS monitoring occasions in Idle state.

R1-2604197_Samsung
Proposal 1: RAN1 shall study how to define a single discontinuous DL WUS monitoring framework for PDCCH monitoring in RRC CONNECTED state. 
Whether there is a need to support DL WUS monitoring without C-DRX and what is the use case.
Proposal 2: RAN1 shall study the association relationship between DL WUS monitoring occasion and the time duration for PDCCH monitoring in C-DRX in RRC CONNECTED state.
Proposal 3: RAN1 shall study a single/unified time offset between DL WUS monitoring occasion and the start of PDCCH monitoring for all device types and various sleep states in RRC CONNECTED state.
Proposal 4: Simultaneous monitoring of DL WUS and PDCCH at a time is not supported in DL WUS design in 6GR.
Proposal 5: For DL WUS operation in the multi-cells/carriers scenario, RAN1 shall study the configuration of DL WUS monitoring resources on a single cell/carrier or per cell group.
Proposal 6: RAN1 shall study a single active DL WUS configuration at a time as a baseline for 6GR.
FFS: Whether there is a need to support multiple DL WUS configurations and what is the use case.
Proposal 7: RAN1 shall study DL WUS to provide a functionality for DRX adaptation.
Proposal 8: RAN1 shall study DL WUS procedure to trigger either distributed PO and clustered PO in RRC IDLE state. 
Proposal 9: RAN1 shall study the association relationship between DL WUS monitoring occasion and PO after the number of DL WUS subgroups per PO and the information bits per DL WUS sequence have been determined. 
Proposal 10: RAN1 shall study 6GR DL WUS waking up UE for PDCCH monitoring at least in RRC IDLE state.
Proposal 11: RAN1 shall study the impact of the number of UEs per DL WUS subgroup on the UE power saving gains.
Proposal 12: RAN1 shall study minimizing the number of candidate time offset between the DL WUS occasion and the start of the associated PO/PF for all device types and various sleep states to reduce network resource overhead.
Proposal 13: For RRC IDLE state, RAN1 shall study at least SSB-based QCL assumption for DL WUS with a one-to-one association.
Proposal 14: RAN1 shall study the feasibility and benefits of supporting separate carriers for DL WUS and paging to optimize network resource efficiency, while taking the support of same carrier for DL WUS and paging as a baseline, considering the single-receiver assumption for DL WUS and paging monitoring.
Proposal 15: RAN1 shall study how to address the resource waste/energy consumption in NW perspective and power consumption/long latency in UE perspective for SI update/change in RRC IDLE state.
Proposal 16: RAN1 shall study the evaluation case shown in table 4 for neighboring cell RRM measurement by EE processing for RRC IDLE state.
Proposal 17: For evaluation purposes, the group paging rate for UE baseline power saving configuration is defined as follows:
The per-UE paging probability for i-DRX with cycle duration Y is:
RE = 1 – (1 – RE, REF )Y/YREF where RE, REF ∈ {1%, 0.1%, 0.01%, 0.001%} and YREF = 1.28s
The per-group paging probability is:
RG = 1 – (1 – RE) N, where N is the number of UEs in the group
Companies to report the assumed values of RE, REF and N for their evaluations.
Note: This formulation is aligned with the methodology in the TR 38.869.
Proposal 18: For neighbor cell RRM measurement during EE processing in FR1 (including around 7GHz), add other scaling factors such as 3.2x to the EE processing power values.

R1-2604204_Lenovo
Proposal 1: Study the feasibility of EE state in 6GR for idle mode paging occasion monitoring, discuss the entry condition and evaluate the paging latency, FAR etc. for low paging rate scenario such as network is also in NES mode.  
Proposal 2: Evaluate multiple FDMed LPWUS blocks to reduce network power consumption.
Proposal 3: Study the feasibility of PDCCH monitoring with reduced capability, and relaxed processing time in EE processing state (after WUS detection) for some deeper sleep states (e.g., deep sleep or ultra-deep state). 
Proposal 4: Study the feasibility of notification using EE state to minimize unnecessary PDCCH monitoring, reduce blind decoding complexity.
Proposal 5: At least for delay-tolerant devices, study the measurement capability and measurement time budgets for neighbor cell measurements, distinguishing between EE processing state within a sleep state and non-EE processing states, considering differences in processing/power capabilities and the number of RX antennas.

R1-2604221_Ofinno
In this paper we make the following observations and proposals: 
Proposal 1: Support LP-WUS framework from 5G as baseline for DL WUS in 6GR with a focus on OFDM based sequence of the DL WUS.  
Proposal 2: RAN1 to study including sending some control information via DL WUS as part of DL WUS energy efficiency studies.
Proposal 3: Study at least the following use cases/functionalities for DL WUS, including identifying the amount of information necessary to be carried by DL WUS: 
DL WUS facilitates PDCCH monitoring adaptation (including paging)
DL WUS for adaptation of cell DTX/DRX
DL WUS for SI update indication
Proposal 4: RAN1 to study methods to mitigate the UE complexity impact of increasing the number of bits the DL WUS.
Proposal 5: Support DL WUS in all RRC states. 
Proposal 6: RAN1 to postpone detailed discussion of a dedicated solution for RRC inactive or sub-state impact to DL WUS until RAN2 has made sufficient progress on RRC state modelling.  
Proposal 7: RAN1 to focus DL WUS discussions on: 
Supported scenarios for DL WUS 
OFDM based sequence design of DL WUS 
Functionalities of DL WUS
Proposal 8: As part of the 6GR study on DL WUS, include multi-TRP and single cell multi-carrier as part of the study.
FFS: any dedicated design for those scenarios. 
Observation 2: In 5G LP-WUS monitoring can be supported both inside and outside the active DL BWP. 
Proposal 9: RAN1 to assume that DL WUS monitoring will be supported both inside and outside the active BWP, while studying any impact to changes to BWP in 6GR compared with 5G BWP.     
Proposal 10: RAN1 to carefully consider any RAN2 progress on DRX and/or cell DTX/DRX as part of DL WUS design. 
Proposal 11: When C-DRX is configured with DL WUS, RAN1 to study DL WUS triggering PDCCH monitoring both inside and outside of active time. 
Observation 3: DL WUS and PEI share similar goals of minimizing paging occasions the UE needs to monitor. 
Proposal 12: RAN1 to study how to combine the features of PEI and DL WUS into the DL WUS design. 
Proposal 13: RAN1 to study how multiple DL WUS configurations would work including the benefits and detailed procedure.   
Proposal 14: RAN1 to study performing measurements in EE processing in RRC inactive/substate. 
Proposal 15: RAN1 to study RRM measurement in EE processing based on 6GR OD-SSB. 

R1-2604274_Huawei, HiSilicon
Proposal 1: Study 6G DL WUS with finer wakeup granularity (than 5G LP-WUS) in RRC idle state to reduce the false wake-up rate (FWR).
FWR is the probability that a UE wakes up upon detecting a WUS that was intended for a different UE within the same wake-up group.
Proposal 2:  Support DL WUS as a single DL wake-up scheme for RRC idle state.
Proposal 3: Study 6G DL WUS procedures in RRC connected state, taking the following into account:
Support of larger WUS capacity, compared to 5G-A.
Single DL WUS procedure related to PDCCH monitoring.
Flexible gap between DL-WUS reception and PDCCH monitoring.
Measurements by LR, i.e., RRM/RLM measurements.
Proposal 4: Support performing serving cell RRM measurement by EE processing.
Proposal 5: Given the energy saving benefit, it is meaningful to support neighboring cell RRM measurement by EE processing, and the methods/limitations to reduce the LR complexity for supporting neighboring cell RRM measurement should be studied.
Proposal 6: For RRC idle state, study clustered DL WUS and PO in one SSB periodicity, where DL WUS can indicate PO numbers with actual paging message, and PO location can be dynamically determined by DL WUS.

Proposal 7: Multiple beams of DL WUS should be supported in RRC idle state.

Proposal 8: Study simplified paging procedure after detecting sequence-based DL WUS, e.g., only monitor PDCCH (where PDCCH carries paging message), or directly monitor PDSCH.
Proposal 9: Study appropriate false alarm/ miss detection rate from the following aspects:
UE power consumption of invalid PDCCH/PDSCH detection or RACH.
Impact to latency.
Impact to network initial access capacity and energy consumption.

Proposal 10: RAN1 should study DL WUS monitoring procedure for triggering PDCCH monitoring in 6G RRC connected state with the objective of supporting a single procedure.
Proposal 11: Study activation/deactivation of DL WUS monitoring by aNB signaling and/or based on condition(s), such as timer.

Proposal 12: In 6G, how to adapt gap of wakeup to various traffic types, and the trade-off between traffic latency and power saving gain should be considered.
Proposal 13: DL WUS can be configured on a serving cell per cell-group, and DL WUS indication is applicable to all serving cells in the cell-group.
Proposal 14: Study the coexistence between cell DTX/DRX, C-DRX and DL WUS.
Proposal 15: For RRC idle state, DL WUS can be used for more efficient paging procedure and SI update.
Proposal 16: For RRC connected state, DL WUS can be used to indicate necessary parameter updates.
Proposal 17: RAN1 should study the possibility of using DL WUS to support functionalities other than wake-up, if beneficial. Considering the following aspects:
Power impact both from network side and device side.
Benefits of moving these functionalities from their legacy signal to 6G DL WUS.
Coverage performance.
Number of bits needed to carry the functionality.
Proposal 18: The RRM scaling factors for EE processing can be shown as below:
	N: Number of cells for intra-frequency measurement
	Synchronous case
	Asynchronous case

	N=8
	1.5x
	1.7x

	N=4
	1.2x
	1.4x



R1-2604345_BYD
Proposal 1: The 5G LP-WUS mechanism should be used as a baseline for designing DL-WUS operation for paging reception, including WUS-to-PO association, UE wake-up behaviour, monitoring periodicity, and WUS monitoring configuration.
Proposal 2: For RRC_CONNECTED DL-WUS operation, the impacts of false alarm and missed detection should be considered separately, with particular attention to missed detection, especially in C-DRX operation.
Proposal 3: DL-WUS-based BWP switching indication should be considered as a candidate functionality in RRC_CONNECTED, while its robustness requires further study.

R1-2604359_MediaTek Inc
Proposal 1: Study a unified 6GR DL WUS paging procedure that covers co-existence of non-IoT and IoT devices with different wake-up delays and harmonizes WUS-configured and non-WUS-configured scenarios.
Proposal 2: Support flexible paging occasion with WUS-based paging indication as a baseline 6G feature, enabling deeper BS sleep states.
Proposal 3: Support DL WUS for paging subgroup indication as the fundamental functionality in RRC idle/inactive states.
Proposal 4: Support UE-group indication with 5-bit subgroup ID (up to 32 subgroups) as baseline (unified for both non-IoT and IoT devices). FFS: Larger subgroup number if 2 receive antennas can be ensured (e.g., only for non-IoT devices).
Proposal 5: Modify the C-DRX mechanism for 6G WUS monitoring, enabling WUS monitoring occasions within on-duration, aligned with a single unified discontinuous monitoring framework.
Proposal 6: Study WUS-assisted PDCCH skipping for connected mode, with evaluation of DCI-based (Option A) and timer-based (Option B) skip entry mechanisms, addressing UE energy saving, UPT impact, latency, and QoS satisfaction.
Proposal 7: Study WUS monitoring throughout the DRX cycle – both outside active time (via C-DRX modification) and during active time (via WUS-assisted PDCCH skipping) – as a unified PDCCH monitoring adaptation framework, replacing legacy PDCCH skipping and SSSG switching to avoid duplicated functionality.
Proposal 8: Study DL-WUS self-synchronization capability, including its use as an aperiodic synchronization signal with differentiated procedures: in idle mode, WUS provides sufficient synchronization for QPSK demodulation; in connected mode, WUS triggers on-demand fine synchronization for high-order QAM demodulation.
Proposal 9: The feasibility of neighboring cell measurement by EE processing should first be studied under simplified conditions – limited number of neighboring cells and sufficient RSRP separation – without requiring SIC processing, to establish the EE processing power budget boundary.
Proposal 10: RAN1 to discuss and decide practical setting and power values for EE processing, considering the fundamental difference between legacy processing and prevent too optimistic assumptions. 

R1-2604362_Tejas Network Limited
Proposal 1: For the time offset between DL WUS detection and PDCCH monitoring start, RAN1 should agree that: (a) T_offset accounts for UE EE-state to active-state transition time, beam re-acquisition time; (b) T_offset is a network-configured value from a finite set; (c) the set of supported T_offset values is subject to UE capability reporting, at low-frequency (below 7.125 GHz) and high-frequency operation.
Proposal 2: WUS monitoring should be suspended during the PDCCH active window (Option A). Early termination of the active window, if needed, should be achieved via an explicit DCI indication rather than continued WUS reception.
Proposal 3: For the WUS monitoring occasion to PO association in RRC IDLE, RAN1 should agree that: (a) the WUS monitoring occasion is placed a fixed number of slots N_offset before the associated PO (or before the first PO in a cluster), where N_offset accounts for T_EE, guard period, and beam re-validation time; (b) N_offset is either standardized per numerology or signalled as part of the WUS configuration IE; (c) for clustered PO/PF, a single positive WUS detection gates monitoring of all POs within the same PF cluster; (d) DL WUS may serve as a coarse timing reference for PO reception, but SSB/TRS remains the primary synchronization reference for PDCCH demodulation at the PO.
Proposal 4: RAN1 should study link-level evaluation of 6GR DL WUS FAR and MDR as a function of received SNR at the WUS monitoring occasion. FAR/MDR targets, such as 1% baseline values, should be evaluated together with UE energy saving gain, paging latency, and WUS coverage relative to the 6GR synchronization signal coverage point.

R1-2604452_Google
Proposal 1: RAN1 study on the 6G DL-WUS prioritizes group-based or subgroup-based indication as the starting point for RRC IDLE/INACTIVE state.  
Proposal 2: Neighbouring cell measurement based on EE processing should limit to a small, network-configured set of intra-frequency known cells, explicitly precluding any cell search procedures during the EE state.
Proposal 3: DL WUS with C-DRX is prioritized and assumed as the baseline to ensure UE state machine stability and reliable network reachability. 
Proposal 4: Support the dynamic indication of the wake-up delay (time gap) within the 6GR DL WUS payload to allow the UE to flexibly optimize its hardware sleep depth and transition energy. 
Proposal 5: Consolidate related PDCCH monitoring adaptation features (such as PDCCH skipping and SSSG switching) into a unified, DL WUS-controlled framework to significantly reduce UE implementation complexity and verification overhead. 
Proposal 6: RAN1 should ensure that either the DL WUS waveform is natively robust to up to 5 ppm CFO, or a dedicated low-power synchronization mechanism is provided, avoiding mandatory MR wake-ups for frequency tracking.

R1-2604483_ETRI
Proposal 1: DL WUS operation should be supported for UEs in both RRC Connected and RRC IDLE/INACTIVE states.
Proposal 2: For DL WUS triggering PDCCH monitoring with C-DRX in RRC_CONNECTED state, the periodicity of DL WUS monitoring is aligned with the C-DRX cycle
Proposal 3: For DL WUS triggering PDCCH monitoring with C-DRX, the time duration and the time offset are configured by the network.
Proposal 4: To minimize UE power consumption, the UE is not required to monitor DL WUS during the time duration in which the UE performs PDCCH monitoring.
Proposal 5: The UE starts and stops DL WUS monitoring based on the network configuration.
Proposal 6: For RRC_CONNECTED mode, study the dynamic indication of active period related parameters (e.g., onDurationTimer, drx-InactivityTimer) via 6GR DL WUS to optimize UE power-saving efficiency.
Proposal 7: The time-domain distribution of DL WUS MOs is determined by the configuration of the associated POs and PFs.
Proposal 8: A DL WUS monitoring occasion is associated with its corresponding PO based on a time offset(s).
Proposal 9: Upon detection of a DL WUS, the UE performs PDCCH monitoring for paging at the POs associated with the DL WUS MO.
Proposal 10: For DL WUS in RRC IDLE state, at least subgroup-level granularity is supported for the wake-up indication.
Proposal 11: In 6GR DL WUS, the number of subgroups can be increased depending on the supported information bit size to enhance wake-up indication resolution.
Proposal 12: Additional functionalities can be further considered for 6GR DL WUS, depending on the available information bit capacity and payload size.
Proposal 13: The periodicity and monitoring occasions for DL WUS monitoring are configured by the network.

R1-2604601_Sony
Proposal 1 – RAN1 to include assumptions on the percentage of time a UE spent in either of the RRC IDLE and CONNECTED states to understand the total amount of power saving of DL-WUS in either of RRC states.
Proposal 2 – RAN1 to study mechanisms to allow DL-WUS to fulfil the target coverage, independent of device reception capability.
Proposal 3 – RAN1 to study mechanisms for configuration of DL-WUS resource allocations and DL-WUS monitoring occasions adapting to the device type and its WUR capability.
Proposal 4 – Power saving method of DL-WUS monitoring needs to accommodate approaches to also reduce the cost of measurements and overhearing (false-wake-up) cost.
Proposal 5 – For DL-WUS operation in idle mode to allow joint UE and base-station power saving, RAN1 to consider the following:
- no additional low-power synchronization signal is needed for DL-WUS reception,
- reference signals designed for synchronization and measurement purposes are designed such that they can be received by the same receiver, referred to in 6GR as EE processing, used for reception of DL-WUS, 
- DL-WUS is designed such that it can also be used as a synchronization signal to the subsequent channel when it is detected,
- Simple configuration for wake-up occasion and discontinuous reception of the low-power receiver (aka EE processing) by allowing wake-up occasion to be considered as reference for channel monitoring.
Proposal 6 – RAN1 to consider mechanisms where the discontinuous reception operation of the wake-up monitoring occasions is adjusted according to the 6GR synchronization signal and its periodicity.
Proposal 7 – RAN1 to consider discussion from other agenda items such as initial access and synchronization signal design that directly impact the DL-WUS and EE analysis.
Proposal 8 – 6GR DL-WUS scheme design should strive to avoid shortcoming of 5G NR solutions in terms of maintaining synchronization and performing measurements. 
Proposal 9 – RAN1 to study procedures to align the DL-WUS mechanisms including its wake-up and sleeping opportunities to the network discontinuous cell TX and RX.  
Proposal 10 – RAN1 to consider discussion from other agenda items that directly impact the DL-WUS and EE analysis in RRC CONNECTED.

R1-2604646_Sharp
Proposal 1: Support DL WUS operation for both clustered PF/PO and distributed PF/PO designs.
Proposal 2:Study DL WUS adaptation mechanisms to support flexible PF/PO distribution (clustered and uniform), including both synchronized parameter reconfiguration and dynamic association schemes, with consideration of signaling overhead, UE complexity, and adaptation latency.
Proposal 3: Support that DL WUS triggers paging PDCCH monitoring as the baseline behavior and Support group-common DL WUS as the baseline design for idle-mode operation.
Proposal 4: Agree that DL WUS should support subgroup indication capability not less than that of Rel-19 LP-WUS (e.g., supporting at least 31 subgroup indications).
Proposal 5:
Use the UE paging cycle as the baseline periodicity for DL WUS monitoring in group-common operation. 
Support alignment of DL WUS monitoring periodicity with cell DTX cycles to improve power efficiency.
Proposal 6: Study the necessary of multiple UE capability of waking up time and the feasibility of designing a single set of DL WUS resources that can support UEs with different wake-up capabilities if applicable.
Proposal 7: Study DL WUS operation together with C-DRX, taking Option 1-1(i.e. DL WUS trigger on duration of C-DRX) as the baseline, and further evaluate the power saving gain compared to the baseline.

R1-2604707_Qualcomm Incorporated
Proposal 1: Study using DL WUS to indicate PDCCH monitoring for an upcoming paging occasion and study details such as the gap between a WUS occasion and a paging occasion as well as UE grouping.
Proposal 2: Study DL WUS triggering wake-up for an upcoming DRX on-duration
Proposal 3: Study UE energy saving mechanisms within C-DRX active time (e.g. PDCCH monitoring triggering and adaptation with a DL WUS or a non-scheduling DCI).
Proposal 4: Study the time gap between a DL WUS and the action it triggers in CONNECTED mode for each supported scenario.
Proposal 5: Study the periodicity of DL WUS occasions in CONNECTED mode.
Proposal 6: Study DL WUS monitoring when multiple carriers are configured or active.
Proposal 7: Study using DL WUS as indication to monitor a subset of PDCCH candidates in a robust manner.
Proposal 8: Whether to perform serving cell and neighboring cell measurement in EE processing state or regular power state is left up to UE implementation, i.e. there is no need to introduce explicit specification support for RRM measurements and reporting in EE processing state

R1-2604750_NTT DOCOMO, INC.
Proposal 1:
For 6GR, study the DL WUS for following purpose in RRC IDLE/INACTIVE state, 
o DL WUS indicates SI update and ETWS/CMAS notification

Proposal 2:
Study the necessity of entry/exit condition of DL WUS monitoring in IDLE/INACTIVE state considering both eMBB and IoT use cases. 

Proposal 3:
For RRM measurement by EE processing in IDLE/INACTIVE state  
o Study the necessity of entry/exit condition of serving cell measurement 
o Study the details of entry/exit condition of neighbour cell measurement
Proposal 4:
Study FDMed DL WUS monitoring occasions for better network energy saving.  
Proposal 5:
Study following approaches to terminate the PDCCH monitoring for both cases of with and without C-DRX in CONNECTED state.
o Timer expiration 
o PDCCH indicates the termination of PDCCH monitoring 
o DL WUS indicates the termination of PDCCH monitoring, while DL WUS is monitored within PDCCH monitoring duration.
Proposal 6:
Study power saving gain, coverage and accuracy of RLM/BFD measurement by EE processing in CONNECTED.
Proposal 7:
Discuss in DL control session on whether DL WUS can be used for PDCCH monitoring adaptation.  

R1-2604776_ITRI
Proposal 1:
For 6GR DL WUS operation in RRC idle state, the following functionalities should be studied in RAN1:
o Option 1: UE performing time/frequency synchronization of 6GR DL WUS prior to its reception.
o Option 2: UE performs time/frequency synchronization of 6GR DL WUS according to its reception.
Proposal 2:
For 6GR DL WUS operation in RRC connected state, the following functionalities should be studied in RAN1:
o PDCCH blind decoding (BD) indication/reduction can be considered.
PDCCH BD indication/reduction may at least comprise adjustment of PDCCH monitoring parameters (e.g., the number of BD candidates, aggregation level, etc.).

R1-2604790_Nordic Semiconductor ASA
Proposal 1: Study interaction between WUS and DRX in all RRC states and whether WUS could replace fully DRX functionality.
Proposal 2: Study methods to simplify paging procedure by taking ubiquity of 6G WUS into an account.
Proposal 3: Serving cell and possible neighbour cell measurements should be done in low-power (EE-processing) mode and the accuracy requirements of the measurements could be relaxed.
Proposal 4: Avoid specifying alternative wake-up solutions like 5G PEI in addition to 6G WUS.
Proposal 5: The unified discontinuous monitoring framework uses a single set of configuration parameters for monitoring cycle, the onDuration timer for PDCCH monitoring, and the inactivity timer after PDCCH reception, regardless of whether the UE monitors DL WUS or only PDCCH (with C-DRX) in connected mode. 
Proposal 6: The presence of the DL WUS MO offset configuration determines whether DL WUS is in use in the network. 
Proposal 7: When DL WUS is not received by the UE, this should be treated in the same way as if the DL WUS offset and the corresponding MO are not configured. In this case, the UE starts monitoring PDCCH according to the configured C-DRX setting. 
Proposal 8: DL WUS is not assumed during the inactivity timer of C-DRX.
Proposal 9: The unified discontinuous monitoring framework uses a 5G NR-like DRX Command MAC CE for early termination of PDCCH monitoring. 

R1-2604844_CAICT
In this contribution, we give following proposals of energy saving of 6G Rel-20 SI:
Proposal 1: Study 6GR DL WUS procedure for both eMBB and IoT use cases in RRC idle states and RRC connected states.
Proposal 2:  SSB similar signal may be used for WUR-based RRM measurements in IDLE and INACTIVE states.
Proposal 3: DL WUS as a single DL wake-up scheme for RRC idle state is supported.
Proposal 4: the POs bearing actual paging messages can be dynamically clustered and arranged to improve the energy saving gain.
Proposal 5: Study enhanced integration of DL-WUS and C-DRX procedures for further UE power saving.
Proposal 6: Study DL WUS triggering PDCCH monitoring without C-DRX, where DL WUS monitoring is configured independently from C-DRX and DL WUS detection triggers a PDCCH monitoring time window / active time. 

R1-2604856_CEWiT
In this contribution, we provide our views on WUS operation in RRC states.
The proposals are summarized as follows.
Proposal 1: Study DL WUS signal optimization for both distributed and clustered PO configurations.
Proposal 2: Study time and frequency domain multiplexing of WUS occasions.
Proposal 4: UE-specific identifiers should be included in 6G DL WUS for finer granularity.

R1-2604883_TCL
Proposal 1: Consider DL-WUS is used for initial access or random access to trigger UE related behavior, e.g., 6GR synchronization signal receiving, RACH transmission, PO determination, etc.
Proposal 2: Consider DL-WUS is used for triggering UE related behavior, e.g., Paging PDCCH monitoring, 6GR PO determination, etc.
Proposal 3: Consider how to get WUS monitoring occasion in RRC idle state based on the location of PF or PO, at least considering below impact, which may be up to RAN 2 discussion.
PO clustering
WUS-based paging 
DL-WUS monitoring periodicity
Other periodicity, e.g., DRX/DTX, or the value indicated by SIB X.
Proposal 4: Postpone to discussion on WUS-based paging until some conclusions on sequence length of DL-WUS achieved.
Proposal 5: Consider distributed DO (DL-WUS monitoring occasion) window or clustered DO window for Paging PDCCH or PDSCH monitoring.
Proposal 6: Consider how clustered pattern or clustered window with PO/PF configuration impacts on DL-WUS monitoring periodicity.
Proposal 7: Consider how UL-WUS transmission impacts on DL-WUS configurations in RRC idle state.
Proposal 8: For DL-WUS scheduling or configuration, including resource location of DL-WUS and carrying messages at DL-WUS, consider following potential design as reference,
Broadcast message, e.g., MIB, SIB X
Common signal(s) based scheduling with explicit or implicit way, e.g., 6G sync signal/channel, PBCH, etc.
Dynamic scheduling, e.g., DCI indication following 2-stage DCI design
Proposal 9: Support DL-WUS used for all 6GR devices, but heterogeneous device capabilities, including receiver sensitivity spread, accumulated CFO/SFO, and optional LP‑WUR presence, should be carefully considered for DL-WUS type choosing, DL-WUS resource configuration, etc.
Proposal 10: Support maximum 10bit payload size as baseline to study DL-WUS sequency from sequence capacity enhancement, complexity and overhead perspective.
Proposal 11: Support DL-WUS TDM used for expanding capacity, and consider if FDM can only used for eMBB devices because of limited RF filter capability.  
Proposal 12：Support DL-WUS FDM or hooping scheme, and further consider how to map DL-WUS frequency resource.
Proposal 13: Discuss the impact of single/multiple carrier(s) configuration on DL-WUS design.
Proposal 14: Support DL-WUS below functionalities in RRC connected state
Trigger PDCCH monitoring
Trigger on-demand or clustered signal receiving
Scell or carrier dormancy/activation/de-activation based on DCI-WUS like DCP
Proposal 15: Support decoupling C-DRX configuration with DL-WUS.
Proposal 16: Discuss if C-DRX is supported for low-tier devices or other special scenarios.
Proposal 17: Support at least below options for UE stops PDCCH monitoring in RRC connected state
Predefined resource location for CORESET or search space, e.g., for low-tier devices
Configure maximum PDCCH monitoring window during one wake-up window
Demodulated DCI during wake-up window used to indicate extra monitoring window, or inactive timer like NR to trigger extra monitoring window
Proposal 18: Except for methods mentioned in Proposal 8 to directly indicate resource location , for how UE stops or starts DL-WUS monitoring, other methods as below can be further considered, 
Predefined rules, e.g., based on signal pattern with on-demand transmission, or SFN, raster parameter, BWP parameter, etc.
Recommended DL-WUS location based on up-link reporting, e.g., UL-WUS or UAI.
Proposal 19: Consider DL-WUS used for Scell dormancy, activation, deactivation in RRC connected state.
Proposal 20: Consider whether/how to sync during UE waking-up, at least considering
Signal transmission with sync function, e.g., PSS/SSS, LP-SS if supported, CSI-RS, TRS, etc.
Signal design of DL-WUS, e.g., X-amble insertion including Preamble/Midamble/Postamble
Proposal 21: Consider the impact of diverse UE capability and the most DL 400MHz bandwidth on RRM measurement in EEPS.
Proposal 22: Consider 6GR PSS/SSS as measurement signal in EEPS whatever RRC idle state or connected state.
Proposal 23: Consider how to measure sync signal in 6GR EEPS, e.g., whether to define new RSRP or not, and consider how to meet coverage requirement by PSS/SSS repetition. 
Proposal 24: Consider the conditions of entering EEPS or exiting EEPS from RAN 1 perspective.
Proposal 25: Consider DL-WUS monitoring occasions as one reference point for RRM measurement configuration.
Proposal 26: Consider the necessity or feasibility of SINR measurement in EEPS for interference-assisted measurement.

R1-2604888_NICT
Proposal-1: RAN1 is invited to study and align on a structured set of design aspects for DL WUS-assisted PDCCH monitoring in RRC_CONNECTED, covering both scenarios with and without C-DRX, including:
• Configuration of time offset and monitoring duration
• Interaction between WUS monitoring and PDCCH monitoring
• Assumptions for initiating and terminating monitoring
Proposal-2: RAN1 is invited to consider and align a common set of evaluation assumptions on WUS configuration and operational flexibility, taking into account:
• UE capability
• Service characteristics

R1-2604910_WILUS Inc.
Proposal 1: For the Downlink Wake-Up Signal (DL WUS) operation in the RRC IDLE/INACTIVE state, it is proposed to study the following items:
- PO/PF Structure Design: Distributed and clustered PO/PF structures, leaving the dynamic adaptation of N_group for further study (FFS).
- WUS–PO Association: Mapping schemes including 1:1 and M:1 diversity combining, ensuring the time offset (W_offset) between the two occasions is bounded by the UE's hardware activation time.
- UE Behaviour After Wake-up: Granular state transitions upon wake-up, specifically studying the location and timing of self-ID matching.
- Information Bits & Receiver Structure: A layered information-bit structure that ensures compatibility for both simple time-domain correlator (TDC) and frequency-domain correlator (FDC) receivers.
- WUS Periodicity: Decoupling the WUS monitoring periodicity from the legacy DRX cycle to reduce paging delay.
- Multi-Beam Operation: A multi-beam K×M monitoring occasion structure based on legacy LP-WUS, including a study on setting an upper bound for K×M to prevent excessive power consumption.
- Performance Evaluation Targets: Defining target ranges for False Alarm Rate (FAR) and Miss Detection Rate (MDR) jointly with the RAN4 working group to ensure consistent evaluations.
- Carrier and BWP Configuration: A trade-off analysis of carrier configurations (e.g., same carrier vs. cross-BWP) considering UE hardware switching costs.
Proposal 2: For the dynamic triggering of PDCCH monitoring using the Downlink Wake-Up Signal (DL WUS) in the RRC CONNECTED state, it is proposed to study the following items:
- Unified Monitoring Framework: Study both the approach linked to the C-DRX cycle (Option 1-1) and the independent on-demand approach (Option 1-2) under diverse traffic models.
- Timer and Offset Configuration: Study the configuration of the preparation time offset (T_offset) and monitoring duration (T_mon) parameters, ensuring that the UE's sleep state transition delay (hardware activation time per EE-Rx type) serves as a lower bound.
- Traffic-Adaptive Early-Stop: Study the method of suspending WUS monitoring during the window (as a Phase 1 baseline) versus maintaining WUS monitoring to enable traffic early-stop indications.
- PDCCH Monitoring Stop Conditions: Study clear priority rules to prevent misalignment when multiple stop conditions conflict (e.g., timer expiration, explicit stop indication, and inactivity timer expiration).
- Multiple Configurations and Dynamic Switching: Study the mechanism of providing multiple (e.g., up to 4) DL WUS configurations to accommodate various traffic QoS requirements, along with MAC-CE based dynamic switching of the active configuration.
- Triggering Scope: Study the feasibility of per-cell WUS triggering to maximize energy efficiency, while maintaining the cell group-level (e.g., MCG/SCG) triggering as the baseline in multi-cell environments.

Proposal 3: Study Serving Cell RRM Measurement by EE Processing in RRC Connected State
- Study EE-RSRP and EE-SINR as candidate L1 measurement metrics for EE processing-based serving cell measurement, and investigate the use of null-WUS occasions as an implicit interference reference for EE-SINR estimation without additional reference signal overhead.
- Study a coupled waveform design (EE-SS-WUS) in which measurement pilots are embedded within the WUS sequence, enabling simultaneous wake-up detection and RRM measurement from a single EE receiver activation.
- Study a two-tier RRM framework in which the EE receiver (Tier 1) performs continuous low-power cell quality tracking and conditionally triggers the main OFDM receiver (Tier 2) only when link quality falls below a predefined degradation threshold.
- Study correction mechanisms for EE receiver measurement bias and assess whether UE capability signaling for EE-Rx architecture type (e.g., time-domain correlator vs. FFT-based) is required for accurate network-side measurement interpretation.

Proposal 4: Study on Connected-State EE-based Neighboring Cell RRM Measurement
- Root Index Configuration: Use network-configured target cell root indices to eliminate blind searches and reduce correlator complexity.
- Network-Assisted Timing: Study network-assisted timing (e.g., estimated ToA via aNB coordination) to minimize the search window and enhance power savings.
- Measurement Capacity: Evaluate = 2–4 as the starting point for neighboring cell measurements.
- Frequency Scenarios: Study intra-frequency (primary) and inter-frequency cases, evaluating the net EE gain against PLL re-tuning overhead.

Proposal 5: Study DL-WUS operation in Clustered Common Signal (CCS) Transmission
- Study the use of DL-WUS as a dynamic control signal to determine the activation status of the Clustered Common Signal (CCS) duration.
- Study mechanisms where DL-WUS indicates the presence of paging messages for IDLE/INACTIVE UEs and the necessity of PDCCH monitoring for CONNECTED UEs, with the aim of preventing unnecessary monitoring overhead.
- Study schemes to achieve joint energy savings for both the network and the UE, enabling the UE to maintain sleep state and skip the long CCS duration monitoring when no traffic is present.

Proposal 6: Study C-DRX cycle switching as another functionality supported by DL-WUS in RRC_CONNECTED state.

Proposal 7: Study whether DL-WUS can indicate the DRX cycle to be applied after wake-up, including at least short DRX cycle and long DRX cycle.

Proposal 8: Study how the DRX cycle switching indication is carried by DL WUS, e.g., via a separate information field or a separate OFDM-based sequence. 

Proposal 9. For DL-WUS operation in SCMC, the xNB should be able to transmit DL-WUS only on a designated carrier, e.g., the coverage carrier, and the UE should be able to monitor DL-WUS only on that designated carrier while in lower-power wake-up mode.

Proposal 10. One DL-WUS Occasion should be able to include multiple DL-WUS Monitoring Occasions, each associated with a respective carrier for subsequent PDCCH monitoring, and upon detecting a matching DL-WUS code point in a DMO, the UE should activate MR and perform PDCCH monitoring on the carrier associated with that DMO.


R1-2604914_Vodafone, Deutsche Telekom, Orange
Proposal 1: RAN1 should have an early decision/consensus on whether DL WUS operation is supported in all the bands supported by 6G UEs.
Proposal 2: RAN1 to study feasibility of 6G UE monitoring and reception of DL WUS and paging in one band and subsequent procedures (e.g. RACH) in a different band considering at least:
Overall UE power saving gain
Latency
Required signalling information
Beam mapping between bands for initial access
UE energy saving gain of WUS vs PEI with RRM measurement by EE-processing


HW	SS	xiaomi-1	xiaomi-2	CATT	vivo (deep sleep)	vivo (ultra deep sleep)	Apple	0.52500000000000002	0.28000000000000003	0.17630000000000001	0.29160000000000003	0.45	0.49909999999999999	0.80500000000000005	0.28899999999999998	


UE energy saving gain of WUS vs PEI with RRM measuremetn by non-EE processing


SS	Apple	Nokia	0.22	5.1999999999999998E-2	5.6000000000000001E-2	


UE energy saving gain of WUS vs I-DRX only with RRM measurement by EE processing


HW	vivo-1	vivo-2	Ericsson-1	Ericsson-2	xiaomi-1	xiaomi-2	sony-1	sony-2	sony-3	0.61499999999999999	0.32229999999999998	0.73050000000000004	0.76590000000000003	0.8911	0.33479999999999999	0.40439999999999998	0.28999999999999998	0.246	2.5000000000000001E-2	


UE energy saving gain of WUS vs I-DRX only with RRM measurement by non-EE processing


Nokia(SSB 20ms)	Nokia(SSB 40ms)	Nokia(SSB 80ms)	Nokia(SSB 160ms)	sony-1	sony-2	0.44600000000000001	0.42599999999999999	0.42599999999999999	0.42699999999999999	0.26100000000000001	-2.1999999999999999E-2	


Case 1-6 vs Case 1-3


HW(Case 1-6 vs Case 1-3)	SS(Case 1-6 vs Case 1-3)	Apple(Case 1-6 vs Case 1-3)	xiaomi(Case 1-6 vs Case 1-3)	vivo(Case 1-6 vs Case 1-3)	vivo(Case 1-6 vs Case 1-3, ultra deep sleep)	0.2172	0.28499999999999998	0.25	0.24529999999999999	0.23400000000000001	0.748	


Case 1: other case


vivo (Case 1-6 vs Case 1-1)	vivo (Case 1-6 vs Case 1-1, ultra deep sleep)	vivo (Case 1-6 vs Case 1-2)	vivo (Case 1-6 vs Case 1-2, ultra deep sleep)	Apple (Case 1-6 vs Case 1-1)	Apple (Case 1-3 vs Case 1-1)	Apple (Case 1-2 vs Case 1-1)	Nokia (Case 1-6 vs Case 1-2)	Nokia (Case 1-5 vs Case 1-2)	Nokia (Case 1-3 vs Case 1-2)	Ericsson (Case 1-5 vs Case 1-2)	Ericsson (Case 1-5 vs Case 1-2 ultra deep sleep)	xiaomi (Case 1-5 vs Case 1-2)	xiaomi (Case 1-4 vs Case 1-1)	0.32700000000000001	0.77900000000000003	0.46899999999999997	0.82599999999999996	0.28899999999999998	5.1999999999999998E-2	2.3E-2	0.51400000000000001	2.5999999999999999E-2	0.45100000000000001	0.76590000000000003	0.8911	2.5999999999999999E-2	3.2199999999999999E-2	


Case 2


HW (Case 2-6 vs Case 2-3, 4x relaxation)	xiaomi (Case 2-6 vs Case 2-3, 4x relaxation)	HW (Case 2-6 vs Case 2-3, 16 relaxation)	E/// (Case 2-5 vs Case 2-2, 3x relaxation)	E/// (Case 2-5 vs Case 2-2, 3x relaxation, ultra deep sleep	Nokia (Case 2-6 vs Case 1-2, 4x relaxation)	Nokia (Case 2-6 vs Case 1-2, 16x relaxation)	Nokia (Case 2-2 vs Case 1-2, 4x relaxation)	Nokia (Case 2-2 vs Case 1-2, 16x relaxation)	Nokia (Case 2-3 vs Case 1-2, 4x relaxation)	Nokia (Case 2-3 vs Case 1-2, 16x relaxation)	Nokia (Case 2-5 vs Case 1-2, 4x relaxation)	Nokia (Case 2-5 vs Case 1-2, 16x relaxation)	xiaomi (Case 2-5 vs Case 2-2, 4x relaxation)	xiaomi (Case 2-4 vs Case 2-1, 4x relaxation)	Apple (Case 2-6 vs Case 2-1, 4x relaxation)	Apple (Case 2-3 vs Case 2-1, 4x relaxation)	Apple (Case 2-2 vs Case 2-1, 4x relaxation)	0.2152	0.1716	0.21659999999999999	0.62860000000000005	0.17699999999999999	0.49	0.50800000000000001	-2E-3	-1E-3	0.41199999999999998	0.441	2.1999999999999999E-2	2.5000000000000001E-2	1.6199999999999999E-2	2.1700000000000001E-2	0.23799999999999999	-4.2999999999999997E-2	-0.191	


Energy saving gain for neighbor cell RRM measurements by EE-processing


HW(Case 1-6 vs Case 1-2)	vivo(Case 1-6 vs Case 1-2)	xiaomi(Case 1-6 vs Case 1-2)	HW (Case 1-4 vs Case 1-2, 4x relaxation)	HW (Case 1-4 vs Case 1-2, 16x relaxation)	vivo (Case 1-4 vs Case 1-2, 4x relaxation)	vivo (Case 1-4 vs Case 1-2, 16x relaxation)	xiaomi (Case 1-4 vs Case 1-2, 4x relaxation)	xiaomi (Case 1-4 vs Case 1-2, 16x relaxation)	xiaomi (Case 1-5 vs Case 1-1)	xiaomi (Case 1-3 vs Case 1-1, 4x relaxation)	xiaomi (Case 1-3 vs Case 1-1, 16x relaxation)	xiaomi-7	xiaomi-8	xiaomi-9	E///-1	E///-2	E///-3	E///-4	0.31009999999999999	0.30170000000000002	0.28610000000000002	0.23499999999999999	0.2928	0.246	0.29339999999999999	0.22009999999999999	0.2752	0.11210000000000001	9.98E-2	0.12479999999999999	8.2100000000000006E-2	0.1026	9.2100000000000001E-2	0.73870000000000002	0.86280000000000001	0.68440000000000001	0.80640000000000001	


Energy saving gain for WUS monitoring with deep sleep







Max	
HW	QC	Nokia	Ericsson	HW	MTK	Apple	vivo	FTP3	IM	FTP3	compared with CDRX	compared with DCP	0.40100000000000002	0.4	0.53	0.25	0.70199999999999996	0.501	0.502	0.55559999999999998	Min	
HW	QC	Nokia	Ericsson	HW	MTK	Apple	vivo	FTP3	IM	FTP3	compared with CDRX	compared with DCP	0.21099999999999999	0.09	0.12	0.25	0.64200000000000002	0.501	0.502	0.55559999999999998	



Energy saving gain for WUS monitoring with light or micro sleep 









Max	
HW	MTK	MTK	Apple	vivo	FTP3	VoIP	FTP3	compared with CDRX	compared with DCP	0.28999999999999998	0.29099999999999998	0.23599999999999999	0.28399999999999997	0.16689999999999999	Min	
HW	MTK	MTK	Apple	vivo	FTP3	VoIP	FTP3	compared with CDRX	compared with DCP	3.1E-2	0.29099999999999998	0.23599999999999999	-2.5000000000000001E-2	1.9800000000000002E-2	



Latency reduction

Max	
HW	MTK	vivo	HW	MTK	MTK	FTP3	IM	VoIP	0.111	-0.108	0.65939999999999999	0.68600000000000005	0.745	8.4000000000000005E-2	Min	
HW	MTK	vivo	HW	MTK	MTK	FTP3	IM	VoIP	-0.08	-0.108	-0.1014	-0.109	0.745	8.4000000000000005E-2	
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Table 1 Evaluation assumptions for UE energy saving analysis for DL WUS operation  

Parameters  Value  

Paging cycle  1.28 s  

SNR  Low SNR condition is assumed, and 3 SSBs (20ms  periodicity) are processed for synchronization before PO  reception.  

Baseline  Baseline 1: NR Rel - 17 PEI, group paging rate 10%  with 8 subgroups  

WUS  Group paging rate 10% with 8 subgroups  

WUS FAR  1%  

EE processing of SSB  Every 320 ms for synchronization purpose  

  

Power model for non - EE processing  Assumed bandwidth: 20 MHz   PDCCH - only: 80   PDCCH + PDSCH: 120   SSB or SSB + serving cell RRM: 80   Intra - freq or inter - freq RRM (known cells): 120   Intra - freq or inter - freq RRM with cell search: 160   Deep sleep: 1 (with 450 transition energy)   Light sleep: 20 (with 100  transition energy)  

Power model for EE processing  1 Rx assumed   EE processing for WUS/SSB: 15 (with additional  transition energy of 15)   Additional EE sleep state power: 0.1   UE is assumed to be deep sleep state when monitoring  WUS.  

Signal duration  SSB: 1 ms (2 slots)   PO: 1 ms   WUS duration: 1 ms   Intra - freq RRM: 2 ms   Inter - freq RRM: 5 ms  

 Time offset between SSB and PO: 10 ms   Time offset between SSB and PEI: 10 ms  

 


image10.emf
Table  22 :Assumptions for RRM by EE and non - EE processing in idle state  

Parameters  Assumptions  

E E/non - EE  processing   common parameters  

SSB   period  8 0ms  

S MTC  2 ms  

S ystem   B W  2 0MHz  

I DRX cycle  1 .28s  

non - EE  processing   specific parameters  

Relative power  56 : AGC   56*1.2 :  sync and intra - F  measurement only  

Relax ion factor for  measurement by non - EE  processing for neighbor cell  4/16  

EE  processing   specific parameters  

Rx  2  

Relative power  21 : AGC  and/ or  serving cell measurement -   only   21 : sync  for  serving  cell only  measurement    21*1.2 : sync for both  serving and intra - F  neighor cell  measurement Note1  

transition energy/time  Additional energy overhead  21 , in unit of (relative power x ms), is included for  each time entering or leaving EE processing during ultra - deep/deep sleep. Ramp - up  or ramp - down time for EE processing is 2 ms.  

Note1:  For serving and neighboring cell measurement by EE processing, the relative power of sync is  21   unit with  scaling factor 1.2 cause additional correlation operations need to be done for the neighboring cell compared with  serving cell measurement only   Note2: For intra - F only measurement by non - EE processing, 2 samples are measured for AGC, sync, serving and  intra - F measurement   to ensure the accuracy .   
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