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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In last RAN4 meeting, RAN4 had discussed the LP-WUS/WUR WI and made the following agreement [1]. In this contribution, we present our initial view on the RRM impact of LP-WUR operation.
	Sub-topic 2-1 General aspects
Issue 2-1-1: Core requirements to be specified for LP-WUR measurement
Agreement: 
· At Rel-19 LP-WUR WI, for LP-WUR measurement, RAN4 specifies measurement requirements for the following:
· Measurement requirements for LP-WUR serving cell measurement based on LP-SS at Idle/Inactive state
· Measurement requirements for LP-WUR serving cell measurement based on existing PSS/SSS at Idle/Inactive state
· Other related requirements are FFS
FFS on the following topics
Issue 2-1-2: Core requirements to be specified for MR RRM relaxation
Issue 2-1-3: Criteria (entry/exit conditions) for LP-WUR measurement 
Issue 2-1-4: Criteria (entry/exit conditions) for MR RRM measurement relaxation  
Issue 2-1-5: States need be considered
Issue 2-1-6: Impact on specification
 
Sub-topic 2-2 LP-WUR requirements at RRC_IDLE/INACTIVE state
Issue 2-2-1: Methodology on specifying LP-WUR RRM requirements at Idle/Inactive mode
Agreement: Agreement on the target SNR for RAN4 simulation:
· The outcome of RAN1’s study in Rel-19 WI on SNR/SINR target is used as the starting point for RAN4 LP-WUR requirement study. 
· Aspects not considered in RAN1 (if any) can be further discussed in RAN4. 
 
Issue 2-2-3: Accuracy
Agreement:
RAN4 requirement for LP-WUR RRM measurement in Idle/inactive states:
· RAN4 to discuss the simulation assumptions considering the target SNR, accuracy and number of samples.
· RAN4 will define the delay requirement in core part, and further discuss whether/how to define the accuracy requirement.
For information only:
RAN4 requirement for LP-WUR RRM measurement in Idle/inactive states:
Options for further discussion (the options are only for information purpose)
· Option 1): Define the dedicated accuracy requirement in the performance section, FFS whether/how it can be verified in the test case.
· Option 2): No dedicated accuracy requirement in the performance section, and reflect the accuracy performance as a margin in the core requirement.
Option 2a): FFS accuracy requirement, and reflect the accuracy performance in delay requirement in core part. 
· Other options are not precluded.
 
FFS on the following topics
Issue 2-2-2: Noise figure and others impact(RF impairment) on SNR target X
Issue 2-2-4: Measurement metrics
Issue 2-2-5: LP-SS with periodicity
Issue 2-2-6: Time/frequency sync
Issue 2-2-7: Timeline on RRM requirement evaluation work
Issue 2-2-8: Other considerations
 
Sub-topic 2-3 MR RRM relaxation
Issue 2-3-1: MR RRM relaxation factor for serving cell/neighbour cell
FFS
 
Sub-topic 2-4 Procedure and configuration of LP-WUS indicating paging monitoring triggered by LP-WUS
Issue 2-4-1: Entry/exit condition for LP-WUS monitoring
FFS
 
Sub-topic 2-5 LP-WUR CONNECTED mode
Issue 2-5-1: LP-WUR at CONNECTED mode
FFS
 
Sub-topic 2-6 Others
Issue 2-6-1: eDRX related 
FFS


2. Accuracy
In last meeting, RAN4 spent a long time to discuss how to define the accuracy requirement. Two possible way forwards were proposed.
· Define a new LP-SS accuracy directly in performance section
· Follow the legacy IDLE mode requirements to reflect accuracy in reselection margin
We prefer the second option to reuse the same approach where the legacy SSB-based measurements in IDLE mode are used with a margin other than creating a new LP-SS performance part. The NR SSB performance is also defined because the SSB performance can be verified in CONNECTED mode, but LP-SS is only used in IDLE mode which cannot be verified due to no measurement reporting. 
[bookmark: _Ref166162126]Proposal 1: No dedicated accuracy requirement in the performance section are defined for LP-SS based measurement and reflect the accuracy performance as a margin in the IDLE/INACTIVE mode core requirement.
3. MR RRM relaxation
Based on RAN1 and RAN2’s discussion, different scenarios to support the RRM relaxation are proposed as shown below: 
· MR relaxation with LR
· MR offloading by LR
Considering the MR relaxation, one of the principles is serving cell measurement relaxation should not impact the paging and cell re-selection performance. At the same time, we should also consider maximizing the power saving gain from LP-WUS. Furthermore, we also need to consider whether the UE with MR relaxation can be still in the coverage of LP-WUS. Whether these two scenarios are valid in Rel-19 LP-WUS WI are being discussed in other groups. Thus, we propose to wait until the scenario is clarified in other WGs firstly before RAN4 to define the scaling factor for MR relaxation.
[bookmark: _Ref166162129]Proposal 2: RAN4 to wait other WGs’ progress to clarify the MR RRM relaxation scenario before discussing the relaxation requirement.
4. Entry/exit condition for LP-WUS monitoring in RRC-IDLE and INACTIVE
In legacy NR, UE will use the SSB to measure and evaluate the serving cell’s quality with the cell selection S criterion. If UE has evaluated that serving cell’s quality doesn’t fulfil the cell selection S criterion in N consecutive DRX cycles, UE will initiate all neighbour cells’ measurement.
When LP-WUS operation introduced, UE will use LP-WUS to monitor serving cell’s quality. The conditions to enter/exit the LP-WUS monitoring shall be defined, e.g. based on serving cell RSRP or/and RSRQ. However, considering this issue may be discussed in different WGs at the same time, it’s better to avoid duplicate discussion among the WGs. In our understanding, RAN4 can focus on defining the requirement based on measurement simulation evaluation. 
[bookmark: _Ref162279187]Proposal 3: RAN4 to discuss the requirement about exit the LR by serving cell evaluation based on the LP-RSRP/LP-RSRQ simulation results.
[bookmark: _Ref166162136]Proposal 4: RAN4 to discuss the requirement about entry the LR by serving cell evaluation based on the SSB RSRP/RSRQ.
5. RRM measurement
LP-RSRP definition 
In RAN1 116bis, the LP-RSRP and LP-RSRQ definition are agreed as follow. RAN4 can reuse the definition from RAN1 to start the evaluation on LP-RSRP and wait RAN1’s progress on LP-RSRQ.
	Agreement
From RAN1 perspective, at least the following metrics can be supported for RRM serving cell measurement performed by OOK-based receiver based on LP-SS:
· LP-RSRP
· LP-RSRP is the linear average of received power of LP-SS in OOK ON symbols.
· FFS: How to determine the received power of LP-SS in OOK ON symbols
· LP-RSRQ
· LP-RSRQ = LP-RSRP/LP-RSSI
· For the definition of LP-RSSI for determination of LP-RSRQ, further consider the following options:
· Option 1: LP-RSSI is the linear average of total received power in all LP-SS OOK symbols.
· Option 2: LP-RSSI is the linear average of total received power in LP-SS OOK OFF symbols.
· Option 3: LP-RSSI is the linear average of total received power in LP-SS OOK ON symbols.


[bookmark: _Ref166162140]Proposal 5: RAN4 to follow RAN1’s LP-RSRP definition to evaluate the LP-SS performance and wait RAN1’s further progress on LP-RSRQ.
LP-SS periodicity
In RAN1 116 meeting, RAN1 agreed the following design to have X samples LP-SS within 1.28s to evaluate the serving cell quality by LP-SS.
	Agreement
For LP-SS design from RAN1 perspective, consider at least the following as the design target:
· For RRM measurement performed by LP-WUR based on LP-SS, UE can satisfy measurement accuracy based on X LP-SS samples within a period which is comparable to Y=the length of I-DRX cycle that is larger or equal to 1.28s.
· FFS: X  
· Note: Y is chosen for evaluating LP-SS design. 
· Network overhead and network power consumption are to be considered


The UE is required to evaluate the serving cell quality using the S-criteria and decide whether to initiate neighbour cell measurements. Such evaluations are done by LP-RSRP/RSRQ which are filtered using at least 2 measurements which are spaced by at least DRX/2 [3]. The periodcity of LP-SS is ongoing in RAN1 and a periodicity of 320 ms is used as the starting point in the WID. Thus, we propose to use 320ms as a start point to evaluate the performance. 
[bookmark: _Ref166162143]Proposal 6: RAN4 to use LP-SS with 320ms periodicity to evaluate the performance.
SSB periodicity
UE can also use PSS/SSS for LP-WUR to evaluate the serving cell quality to decide whether to exit/enter the LP-WUR. In this case, to compare the performance with LP-SS, we propose to follow the same periodicity as LP-SS, such as 320ms to evaluate the PSS/SSS based LP-WUR exit condition. At the same time, we also notice that the power consumption due to LP-WUR is very less than the legacy MR. Thus, the power consumption of fast PSS/SSS detection(compared with 1 measurement sample per DRX in legacy IDLE mode) is negligible.
[bookmark: _Ref166162147]Proposal 7: RAN4 to discuss the PSS/SSS periodicity to evaluate the LP-WUR exiting condition in LR.
6. Simulation 
RAN4 needs to discuss the measurement definition and agree the simulation assumption to evaluate these measurement metrics similar as legacy NR SSB measurement. Some initial simulation results for LP-SS based RSRP measurement are shown in Figure 1 below. RAN4 needs to discuss the simulation assumption firstly. For example, whether the interference cell needs to be modelled, and the interference is SSB or LP-SS or both in the simulation. After that, RAN4 can further check the detailed results based on the agreed simulation assumption.
[image: ]
Figure 1 Initial simulation results showing the RSRP measurement performance using LP-SS
[bookmark: _Ref162279200][bookmark: _Ref166162151]Proposal 8: RAN4 to discuss the following simulation assumption to evaluate the LP-SS related measurement metrics.
· Whether interference cell is needed
· Which interference signals need to be modeled, SSB, LP-SS or both
[bookmark: _Ref166162154]Proposal 9: RAN4 to discuss the simulation assumption to evaluate the LP-SS measurement.
7. LP-WUR in RRC-CONNECTED mode
RAN4 shall focus on developing the RRM requirements for IDLE and INACTIVE mode during this meeting since not too many agreements in other WGs. Discussions on CONNECTED mode shall be postponed until any agreements are achived in other WGs regarding, and if so RAN4 can check the RRM requirements for those at later stage.
[bookmark: _Ref163069576] Proposal 10: CONNECTED mode requirements for LP-WUS is postoponed until more progress is achieved in other WGs. 
8. Summary
[bookmark: _Hlk23953093]In this contribution, we have initially discussed the LP-WUS operation. Based on the discussions, we have made following proposals and observations:
Proposal 1: No dedicated accuracy requirement in the performance section and reflect the accuracy performance as a margin in the core requirement.
Proposal 2: RAN4 to wait other WGs’ progress to clarify the MR RRM relaxation scenario before discussing the relaxation requirement.
Proposal 3: RAN4 to discuss the requirement about exit the LR by serving cell evaluation based on the LP-RSRP/LP-RSRQ simulation results.
Proposal 4: RAN4 to discuss the requirement about entry the LR by serving cell evaluation based on the SSB.
Proposal 5: RAN4 to follow RAN1’s LP-RSRP definition to evaluate the LP-SS performance and wait RAN1’s further progress on LP-RSRQ.
Proposal 6: RAN4 to use LP-SS with 320ms periodicity to evaluate the performance.
Proposal 7: RAN4 to evaluate the PSS/SSS based LP-WUR exiting condition with the same periodicity as LP-SS.
Proposal 8: RAN4 to discuss the following simulation assumption to evaluate the LP-SS related measurement metrics.
Proposal 9: RAN4 to discuss the simulation assumption to evaluate the LP-SS measurement.
Proposal 10: CONNECTED mode requirements for LP-WUS is postoponed until more progress is achieved in other WGs.
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10. Appendix
Table: Assumptions for link level simulation for LP-SS Sync&RRM measurement
	Parameter
	Unit
	Cell 1
	Cell 2

	RF channel number
	-
	Channel 1
	Channel 1

	Carrier Frequency
	GHz
	2.6
	2.6

	RB utilization
	%
	100
	100

	SCS	Comment by Zhixun Tang_Ericsson: RAN1 #116b Working Assumption
-The SCS of a CP-OFDM symbol used for LP-SS generation is the same as that used for LP-WUS generation
	kHz
	30
	30

	System BW
	MHz
	20
	20

	CP type
	-
	Normal
	Normal

	LP signal
	-
	OOK-1, OOK-4, PSS/SSS

	OOK-4,
PSS/SSS

	LP-SS M
	-
	OOK-1:1,
OOK-4:2,
	OOK-4:2

	LP-SS duration	Comment by Zhixun Tang_Ericsson: RAN1 #116b Agreement
Working Assumption
Support the following options for LP-SS
-	Option 1: OOK-1 
-	Option 2: OOK-4 with M=2,4, FFS:1,8,16	
	symb
	2
	2

	LP-SS BW	Comment by Zhixun Tang_Ericsson: RAN1 #116b Agreement
From RAN1 perspective, support X PRBs for LP-WUS and LP-SS with SCS 30kHz (blanked guard RBs are not included) for a channel bandwidth equal or larger than 5MHz
-	X to be down-selected between 11 and 12 PRBs 
-	FFS the number of PRBs for 15kHz
-	FFS if other number of PRBs needed, for LP-SS and LP-WUS with a channel bandwidth equal or less than 5MHz
	MHz
	5
	5

	LP-SS pattern
	
	OOK-4: [1010]
	OOK-4: [0101]

	LP signal periodicity
	ms
	320
	320

	Relative Delay of 1st Path (synchronous)
	μs
	0
	CP/2

	Relative Delay of 1st Path (asynchronous)
	ms
	0
	1.5

	Frequency Offset relative to UE frequency reference
	ppm
	0/10

	Es/Noc
	dB
	6.4
	1.25, 2.68, 5.36
(SINR: -6dB, -3dB, 0dB)

	Number of Tx antennas
	-
	1
	1

	Number of Rx antennas
	-
	1

	Channel
	-
	Static, TDL-C 300

	Speed
	Km/h
	30

	Speed
	Km/h
	30

	Noc model
	-
	AWGN noise
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