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[bookmark: _Toc116995841]Introduction
This contribution discusses about core requirements related to NR LP_WUS. In the last RAN4 #111 meeting, the following agreements were made. 
	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.
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. 
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.
 








Discussion 
LP-WUR (OFDM capable) measurement based on existing SSB.
For LP-WUR that is capable of receiving PSS/SSS, RAN1 is currently discussing about measurement quantities which need to be considered based on SSB (PSS/SSS). While there are existing measurement quantities defined for MR based on SSB, for instance SS-RSRP, reusing of same quantities may not be always be possible. RAN1 is currently discussing whether some adjustments would need to be done for the measurement quantities to accommodate them to the LP-WUR operation and therefore, separating the definitions might be preferable. 
[bookmark: _Toc166513928]For LP-WUR that is capable of receiving PSS/SSS, RAN1 is discussing on absolute and relative measurement quantities based on SSB. The metrics should be defined so that they are applicable for time and frequency domain processing.
When considering the above, RAN4 should have a good understanding of PSS/SSS based LP-WUR measurements and therefore, evaluations are necessary. 
[bookmark: _Toc166513929]RAN4 to perform evaluations on PSS/SSS based LP-WUR measurements. 
LP-SS based LP-WUR
Consideration on LR measurements quantities
RAN1 is currently working on OOK capable LP-SS, which has impact on how and when RAN4 can define requirements. In this section we summarise the status in of RAN1 work. 
	RAN1 Agreement
[bookmark: _Hlk165989959]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.
· FFS: LP-SINR. The exact metrics for OOK-based receiver to be used and defined in the specifications depend on the outcome of [RAN1]/RAN2/RAN4 discussions.




LP-RSRP is the linear average of received power of LP-SS in OOK ON symbols.
LP-RSRQ = LP-RSRP/LP-RSSI, but LP-RSSI for determination of LP-RSRQ, is still open in RAN1. 
RAN1 has been working on LP-SS design, and there has been some progress. However, there are still multiple aspects that are still open after RAN1#116. The following observation captures some of them.  The exact definition of RSSI has been still left open for further discussion. The basic difference between the resulting RSRQ metrics and corresponding RSSI definitions could be seen as a difference in the time domain resources that are used for measurement (of RSSI). Total time span over which the RSSI measurement samples can be taken is equal among different options i.e. full LP-SS duration. The distribution of the obtained RSRQ estimates in AWGN for two different SNR operation points (0dB and 3dB) with two different LP-SS lengths (8 and 16 bits). For those interested, appendix provides simulations of different LP-SS options. 
[bookmark: _Toc166513930]After RAN1#116 at least the following aspects are still FFS is RAN1: 
I. [bookmark: _Toc166513931]FFS how OOK-1 and OOK-4 are specified.
II. [bookmark: _Toc166513932]RRM measurement metric is still FFS in RAN1. 
III. [bookmark: _Toc166513933]FFS Whether or not to specify overlaid OFDM sequences(s) 
IV. [bookmark: _Toc166513934]FFS on SNR to achieve the coverage of PUSCH for message3.
When considering the RAN4 workload, one way forward for RAN4 is to discuss which RRM requirements are common for both LP-SS based LP-WUR and PSS/SSS based LP-WUR and focus on those while RAN1 is progressing and evaluating the design. 
[bookmark: _Toc166513935]RAN4 to identify common requirements for PSS/SSS and LP-SS based LR and prioritise those while RAN1 is working on LP-SS design. 
[bookmark: _Toc166513936]RAN4 to prioritise PSS/SSS based LP-WUR requirements while RAN1 is working on LP-SS design.
Supported Architecture options.
Currently, RAN1 has been discussing about the following architecture options. Depending on the RAN1 progress, the architecture options may have impact on RAN4 RRM requirements. 
The following architecture options are being discussed: 
· Envelope-only detectors (ED): The LR is operating in ED only mode, i.e., only ON/OFF keying is supported by the receiver. The LR has no IQ branch to perform coherent/sequence detection.
· Dual mode receivers, i.e., ED + SD mode: The LR is predominantly operating in ED mode when the signal conditions are conducive enough to use OOK detection. However, when the signal quality degrades, the LR switches to sequence detection mode, where it uses IQ branches to perform coherent detection to improve the coverage. 
· Sequence-only detectors (SD): The LR uses IQ branches always to perform coherent detection. It consumes more power due to the better accuracy of crystal oscillators (XO) used to drive the PLLs. The LR with IQ branch can receive the OOK signal, either by using non-coherent reception or by using the overlay sequence.
Based on RAN1 discussion about the different LR types i.e., LR that is capable of receiving PSS/SSS and Envelope detector based LR. It can be expected that the exact LR implementation approach in the UE is not restricted, there could be a mix of different types of LR architecture options present in the deployment. For instance, in IDLE/Inactive mode especially, where network may need to prepare to support different LR types. Therefore, it would be beneficial for the RAN4 to study different types of LR and define RRM requirements separately, as needed, for supported architecture types.
[bookmark: _Toc163489173][bookmark: _Toc166513937]RAN4 to study the need for RRM requirements for different architecture types and define requirements separately for supported architecture types, as needed.
[bookmark: _Toc163489174][bookmark: _Toc166513938]RAN4 to discuss what is the impact of different architecture options on LP-WUR requirements. 
[bookmark: _Toc116995848]

MR relaxation
	Issue 2-1-5: States need be considered.
· Proposals 
· P1: For the UE serving cell RRM measurement offloaded from MR to LP-WUR, at least the following new states can be identified and should be supported (vivo)
· State 1: MR has RRM relaxation on serving cell and neighbour cell (if there is any) measurement and LP-WUR performs serving cell measurement. 
· State 2: MR stops perform any RRM measurement and LP-WUR performs serving cell measurement. 
· P2: Considering the UE power saving gained by LP-WUS or WUR, RAN4 shall consider different method for different LP-SS cases (ZTE):
· For the LP-SS without the OFDM sequence, the RRM measurement on serving cell via MR shall be relaxed.
· For the LP-SS with the OFDM sequence, the RRM measurement on serving cell may be stopped when UE is in ultra-deep sleep.
Recommendations: 
Suggest RAN4 to consider at least the 2 states in P1.




MR relaxation scenarios 
According to our understanding, there are different scenarios to consider when considering MR relaxations. In some scenarios MR may be fully turned off while in other scenarios, some of the measurements are relaxed. 
[bookmark: _Toc166513939]For both PSS/SSS and LP-SS based LP-WUR, support scenario where MR RRM measurements are partially relaxed. 
[bookmark: _Toc166513940]For both PSS/SSS and LP-SS based LP-WUR, MR stops perform any RRM measurement and LP-WUR performs serving cell measurement. 
MR relaxation/offloading starting point. 
From the network point of view, it should be clear when the responsibility of the measurements is on the MR side and when LP-WUR is performing either PSS/SSS or LP-SS base measurements on the serving cell. As RAN4 is currently only considering IDLE/INACTIVE mode, the earliest starting point during for measurement relaxation/offloading is  when the UE is released to the IDLE/INACTIVE mode. In this case, the UE may be able to use MR measurements performed in the connected mode. The RAN4 requirements should consider the scenario where the UE starts measurement offloading once UE is released to idle/inactive mode. 
[bookmark: _Toc166513941]Performing the evaluation of MR relaxation/offloading based on MR measurements in connected mode provide more accurate representation of radio conditions than LP-WUR measurements in the idle-mode. 
[bookmark: _Toc166513942]RAN4 to discuss the starting point of MR relaxation/offloading when UE is being released to idle-mode. 
RRM relaxation factor for serving / neighboring cell.
	Issue 2-3-1: MR RRM relaxation factor for serving cell/neighbour cell.
· Proposals 
· P1: Relaxation factors within the range from 8 to 16 as the starting point for the relaxation factor for the MR RRM relaxation (vivo)
· P2-1: Equal or larger than 8 (CMCC)
· P2-2: >=16 (Huawei)
· P2: RAN4 should consider relaxation on higher priority frequency layer search requirements based on “conditions” defined by RAN2. (vivo)
· P3: Neighbor cell evaluation can be discussed after further input from RAN2 (Samsung)
Moderator’s Note:
The suggested relaxation factor in P1 is based on RAN1 SI outcome, for example at section 9.1 of TR 38.869 “Significant UE power saving gain (up to more than 90%) is observed by using LP-WUS/WUR to trigger UE MR paging monitoring compared with existing I-DRX operation (with and without PEI), if sufficient relaxation to MR RRM measurement is applied.”




In the last meeting companies were proposing MR RRM measurement relaxation factors. However, it is not clear whether the relaxation factors can be always applied when LR is in operation. 
[bookmark: _Toc166513943]Further discuss in which conditions the relaxation factors are applied.
Entry and Exit condition criteria for LP-WUR measurements. 
The LP-WUR is expected to monitor the serving cell quality either by monitoring LP-SS or PSS/SSS, depending on UE and network support. The conditions to enter/exit the LP-WUS monitoring shall be clearly defined, and for instance based on RSRP (SSB) or RSRQ thresholds. For the entry and exit conditions, RAN4 would need to perform evaluations on both PSS/SSS based LP-WUR and LP-SS based LP-WUR. 
[bookmark: _Toc166513944]RAN4 to discuss serving cell evaluation for entry / exit conditions for PSS/SSS and LP-SS based LR. 
[bookmark: _Toc166513945]PSS/SSS based entry/exit evaluation can be prioritised. 
When the UE is in IDLE or INACTIVE mode, the UE may start monitoring the LP-WUS if the serving cell measurement performed by the MR is above an entry threshold. When the UE starts monitoring LP-WUS, it may stop legacy PO monitoring. LP-WUS monitoring may be stopped if the serving cell measurement performed by the LR is less than the exit threshold. At this point, some of the questions that need to be answered are what the serving cell measurements are used to evaluate entry/exit conditions, what are the thresholds used and who sets these thresholds. These questions are mostly related to RAN1 and RAN2. However, there has been no progress in RAN2 regarding entry/exit condition issue in RAN2#125bis meeting.   
Specification impact
Issue 2-1-6: Impact on specification
	Issue 2-1-6: Impact on specification
· Proposals 
· [bookmark: _Toc163489180]P1: RAN4 to discussion of which sections of the specification are impacted by the WI. (Samsung Nokia)
Recommendations: Continue discussion




RAN4 to study TS 38.133 specification impact analysis and FFS on how to capture it in the specification.
	
	Clause
	Impact Comment

	3
	Definitions, symbols and abbreviations
	Yes: New abbreviations, symbols and definitions expected.

	4
	SA: RRC_IDLE state mobility
	Yes.
· Specify further RRM relaxation of UE MR for both serving and neighbor cell measurements, and UE serving cell RRM measurement offloaded from MR to LP-WUR, including the necessary conditions.
· Serving cell measurement requirement for LP-SS and PSS/SSS by LP-WUR


	5
	SA: RRC_INACTIVE state mobility
	Yes.
From the WID: For IDLE/INACTIVE mode.
· Specify further RRM relaxation of UE MR for both serving and neighbor cell measurements, and UE serving cell RRM measurement offloaded from MR to LP-WUR, including the necessary conditions

	6
	RRC_CONNECTED state mobility
	No.
· CONNECTED mode measurements (RRM/RLM/BFD/CSI) are performed by MR. From the WID as there’s no RAN4 objective for the CONNECTED mode, no specification impact is expected. 
FFS if there’s any impact after RAN2 & RAN1 discussion.

	7
	Timing
	FFS

	8
	Signalling characteristics
	FFS

	9
	Measurement Procedure
	FFS

	10
	Measurement Performance requirements
	FFS

	11
	Void
	Not Applicable



SNR and PUSCH message3.
Issue 2-2-1: Methodology on specifying LP-WUR RRM requirements at Idle/Inactive mode.
The following conclusion is being made in RAN1#116-bis, and companies are encouraged to report the achievable SNR targets for a given set of simulation assumptions:
	Conclusion: 
For calibration purposes, companies are encouraged to report the SNR to achieve the coverage of PUSCH for message3, at least with the following assumptions: 
· Carrier frequency: 2.6 GHz
· The number of Tx chains: 1
· MIL of MSG 3: use the average one in R17 coverage, i.e.,153.51 dB for non-redcap UE.
· Transmit antenna gain correction factors for WUS: up to company report.
· Noise Figure: All three values +2dB, +5dB, +8dB on top of NF of MR (7dB) are to be reported, SNR for different assumptions on NF are determined separately



RAN1 is currently looking into SNR to achieve the coverage of PUSCH for message3. 
[bookmark: _Toc166513946]RAN1 is interested to find the SNR to achieve the coverage of PUSCH for message3. 
Currently, RAN1 is conducting a simulation study to find out the impacts of various factors, such as
· modulation type and modulation order
· different LR architecture options (e.g., envelope detector or sequence correlator)
· methods to improve detection performances of different architecture types that impacts the coverage of PUSCH for message3. 
The evaluations regarding the target SNR are still on going in RAN1, and only the preliminary results are still available. RAN4 may wait until RAN1 concludes the decision factors (as discussed above) that impact for the target SNR to achieve the coverage of PUSCH for message3. 
[bookmark: _Toc166513947]RAN4 to wait for the RAN1 conclusions on the target SNR before agreeing on the coverage of PUSCH message3. 



Conclusion
The following Observations and Proposals were made:
Observation 1: For LP-WUR that is capable of receiving PSS/SSS, RAN1 is discussing on absolute and relative measurement quantities based on SSB. The metrics should be defined so that they are applicable for time and frequency domain processing.
Proposal 1: RAN4 to perform evaluations on PSS/SSS based LP-WUR measurements.
Observation 4: After RAN1#116 at least the following aspects are still FFS is RAN1:
I.	FFS how OOK-1 and OOK-4 are specified.
II.	RRM measurement metric is still FFS in RAN1.
III.	FFS Whether or not to specify overlaid OFDM sequences(s)
IV.	FFS on SNR to achieve the coverage of PUSCH for message3.
Proposal 2: RAN4 to identify common requirements for PSS/SSS and LP-SS based LR and prioritise those while RAN1 is working on LP-SS design.
Proposal 3: RAN4 to prioritise PSS/SSS based LP-WUR requirements while RAN1 is working on LP-SS design.
Proposal 4: RAN4 to study the need for RRM requirements for different architecture types and define requirements separately for supported architecture types, as needed.
Proposal 5: RAN4 to discuss what is the impact of different architecture options on LP-WUR requirements.
Proposal 6: For both PSS/SSS and LP-SS based LP-WUR, support scenario where MR RRM measurements are partially relaxed.
Proposal 7: For both PSS/SSS and LP-SS based LP-WUR, MR stops perform any RRM measurement and LP-WUR performs serving cell measurement.
Observation 5: Performing the evaluation of MR relaxation/offloading based on MR measurements in connected mode provide more accurate representation of radio conditions than LP-WUR measurements in the idle-mode.
Proposal 8: RAN4 to discuss the starting point of MR relaxation/offloading when UE is being released to idle-mode.
Proposal 9: Further discuss in which conditions the relaxation factors are applied.
Proposal 10: RAN4 to discuss serving cell evaluation for entry / exit conditions for PSS/SSS and LP-SS based LR.
Proposal 11: PSS/SSS based entry/exit evaluation can be prioritised.
Observation 6: RAN1 is interested to find the SNR to achieve the coverage of PUSCH for message3.
Proposal 12: RAN4 to wait for the RAN1 conclusions on the target SNR before agreeing on the coverage of PUSCH message3.
[bookmark: _Toc116995849]


Appendix: LP-SS simulations from RAN1
For those who are interested, this section provides preliminary simulation results on RSRQ metrics for different options RAN1 is discussing. 
	RAN1 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.
· FFS: LP-SINR. The exact metrics for OOK-based receiver to be used and defined in the specifications depend on the outcome of [RAN1]/RAN2/RAN4 discussions.




[image: ]
Figure 1. Different LP-RSRQ metrics for M=1,2 (and 4) for LP-SS lengths of 8 and 16bits (16 and 32 OOK symbols respectively) in AWGN.
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[bookmark: _Ref166051314]Figure 2. Different consider LP-RSRQ metrics for M=1,2 (and 4) for LP-SS lengths of 8 and 16bits (16 and 32 OOK symbols respectively) in AWGN.
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