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1. Introduction
During RAN#103 meeting, a revised WID[1] was approved on low-power wake-up signal and receiver for NR (LP-WUS/WUR). In this contribution, our initial views on LP-WUS/WUR and related analysis of RRM requirements are provided.
2. Discussion
2.1 RRC_IDLE/INACTIVE state
LP-WUS monitoring
According to TR38.869 [2], the UE equipped with LP-WUR is assumed to consist of two receivers, which are MR (Main receiver) and LP-WUR (low-power wake up receiver). 
In general, MR is the normal legacy UE, while LP-WUR is newly introduced add-on receiver on top of MR to reduce the power consumption when DRX is configured. If DRX is configured and no traffic is arrived, MR can go into sleep mode, and start monitoring paging at the occasion. In this case, if LP-WUR is enabled, LP-WUR can monitor LP-WUS to wake up MR for triggering paging monitoring. In particular, in RRC_IDLE/INACTIVE state, MR can enter ultra-deep sleep mode to disable the power consuming functionality to achieve better energy saving gain, if MR stays in the sleep as much as possible due to relatively long transition time and large transition power. When LP-WUR receives LP-WUS indicating wake-up, MR monitors the legacy paging occasion to receive signals or data.
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Figure 1 Wake-up procedure of LP-WUS/WUR

RAN1 agreement on LP-WUR
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Agreement
Multi-beam operations are supported for LP-WUS and LP-SS for idle mode

Agreement
LP-WUS occasions (LOs) are defined for LP-WUS monitoring.
· Each LO has one or more LP-WUS monitoring occasions (MOs), where UE can monitors for LP-WUS transmission in each of the LP-WUS MOs.
· Different LP-WUS MOs may correspond to different beams in multi-beam operation
· It is not precluded that FFS whether or not each LO is defined as a time window that covers the corresponding LP-WUS MOs
· FFS details
· It is at least supported that a UE monitors LOs with a configured periodicity.
· Each UE has a periodicity for LO monitoring, and it is at least supported that a UE monitors one LO per period.
· FFS: A UE does not expect its LP-WUS monitoring occasions overlapping in time 
· FFS: monitoring of multiple more than one LOs per period e.g. if LP-WUS common to all UEs is supported or in case of eDRX (if supported)
· FFS eDRX, if supported

Agreement
For the case where a UE supports PEI and PEI is configured by the gNB, after the UE receives LP-WUS indicating wake-up, it is up to UE implementation whether to monitor PEI or not.

Agreement
It is supported that the UE monitors the legacy PO after receiving LP-WUS indicating wake-up.
· FFS: support of UE monitoring dynamic PO

Conclusion
For idle/inactive mode, how to map a UE to a subgroup ID for LP-WUS is left to RAN2 to decide.



Observation 1: FFS whether new requirements needed or not for LP-WUS monitoring during idle and inactive mode.
Serving and neighbor cell measurements 
According to WID[1], RAN4 needs to specify MR serving cell RRM measurement relaxation in RRC_IDLE_INACTIVE state.  Related objective is provided as follows:
	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 (RAN4, RAN2)


For MR in RRC_IDLE/INACTIVE state, MR is required to wake-up to perform serving cell measurement at least per one or two DRX cycles by current requirements. There is observation [2] that significant power saving gain can be achieved, if serving cell measurement relaxation is performed. According to observation in [2], OOK-based LP-WUS is more robust to frequency error than OFDM-based signal. So, in our view, there can be a room for serving cell relaxation in case LP-WUR is enabled, since time/frequency tolerance of LP-WUS is higher than the existing signals. Therefore, first we think RAN4 needs to specify whether serving cell measurement relaxation is feasible in case LP-WUR is enabled. Then, we can discuss whether to introduce serving cell measurement relaxation. For LP-WUR in RRC_IDLE/INACTIVE state, taking into account that it is newly introduced add-on feature, new requirement is needed. 
For intra, inter, and inter-RAT cell measurement relaxation by MR, we think existing RRM measurement requirement relaxation under low mobility or not-at-cell-edge scenario can be considered as starting point. For further relaxation, we think it is beneficial for reducing power consumption, however, unless clear scenario is defined, there can be negative impact on proper cell- reselection. Therefore, it could be further discussed after further RAN2 input.
Proposal 1: RAN4 needs to further evaluate serving cell measurement relaxation by MR when LP-WUR is enabled 
Proposal 2: Neighbor cell evaluation can be discussed after further input from RAN2
LP-WUR RRM measurement
During the study phase, LP-WUR is expected to receive PSS/SSS or LP-SS for performing synchronization of time/frequency as well as LP-WUS for waking-up MR. In general, LP-WUR (OOK-based LP-WUR) is able to receive OOK-based signal such as LP-WUS and LP-SS, while more advanced LP-WUR (OFDM-based LP-WUR), which consists of I/Q branch can receive existing PSS/SSS and LP-WUR. Although the details of LP-SS are still discussing, it is expected that the LP-SS will be transmitted sparsely than that of SSB. Also, due to limitation of OOK-based signal structure, the coverage, and time/frequency synchronization accuracy are expected to be worse than that of existing PSS/SSS. Similarly, the performance of receiving PSS/SSS by OFDM-based LP-WUR may be degraded than MR due to lack of capability. Meanwhile, for receiving LP-SS by OFDM-based LP-WUR, the discussion is going on in RAN1, so it needs further input from RAN1. Therefore, we think new requirements for serving cell measurement by OOK-based LP-WUR in RRC_IDLE/INACTIVE state with LP-SS based, and new requirements for serving cell measurement by OFDM-based LP-WUR in RRC_IDLE/INACTIVE state with PSS/SSS are required. For the requirements for receiving LP-SS by OFDM-based LP-WUR, it needs further input from RAN1.
The details on LP-SS are still on discussion in RAN1 with latest agreement as following:
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Agreement
Support both OOK-1 and OOK-4 for LP-WUS. 
· FFS how OOK-1 and OOK-4 are specified 
· For OOK-4, M<=4, FFS supported values
· The SCS of a CP-OFDM symbol used for LP-WUS generation can be the same as one of the SCS(s) used for other NR transmissions in the same CP-OFDM symbol
· FFS different SCS.

Agreement
Further study the following options for LP-SS:
· Option 1: OOK-1 
· Option 2: OOK-4 with M=1,2,4,[8]
· The SCS of a CP-OFDM symbol used for LP-SS generation is the same as that used for LP-WUS generation
· FFS: different SCS

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

Agreement
The ‘ON-OFF’ pattern for OOK symbols of LP-SS is based on binary sequence(s)
· FFS binary sequence(s) details, including the sequence type, the number of sequences, and the sequence length
· FFS overlaid OFDM sequences, if supported

Agreement
For the overlaid OFDM sequence(s) for LP-SS, consider the following options for further down-selection:
· Option 1: Do not specify the overlaid OFDM sequences(s) 
· Option 2: Specify the overlaid OFDM sequence(s) targeting for OOK waveform generation without targeting for sync and RRM measurement for OFDM-based LP-WUR using the overlaid sequence of LP-SS.
· Option 3: Specify the overlaid OFDM sequence(s) targeting for OOK waveform generation and also targeting for sync and RRM measurement for OFDM-based LP-WUR using the overlaid sequence of LP-SS.
· For Option 3, it is up to RAN4 to make decision on whether/how to define the RRM measurement requirement for OFDM-based LP-WUR using the overlaid sequence of LP-SS.




Proposal 3: Introduce new requirements for serving cell measurement by OOK-based LP-WUR in RRC_IDLE/INACTIVE state with LP-SS based, and new requirements for serving cell measurement by OFDM-based LP-WUR in RRC_IDLE/INACTIVE state with PSS/SSS
Proposal 4: Pending on RAN1 progress on LP-WUS and LP-SS design, RAN4 shall wait sufficient input from RAN1 to start the evaluation work.
Paging reception
When LP-WUR is enabled, LP-WUR can monitor LP-WUS to wake up MR for triggering PDCCH/paging monitoring.
RAN2 work on objective “Specify the procedure and configuration of LP-WUS indicating paging monitoring triggered by LP-WUS” has not started yet. It’s FFS whether exiting RAN4 requirements for “Maximum interruption in paging reception” can be reused or not. 
Proposal 5: Paging reception requirement impact can be discussed after further input from RAN2 and RAN1.

eDRX
Supporting eDRX for the UE equipped with LP-WUS is FSS in RAN1. Therefore, it can be discussed after the input from RAN1.
Proposal 6: eDRX can be discussed after further input from RAN1

LP-WUS monitoring entry/exit condition
[bookmark: _GoBack]In previous RAN1 meeting, the entry/exit condition of on/off LP-WUS monitoring has been discussed. Majority of companies’ view is that the condition can be decided based on pre-configured criteria with SS-RSRP/SS-RSRQ, which means that a UE can evaluate the signal quality of LP-WUR with RSRP of MR. In order to define the pre-configured criteria, it is worth noting that the RSRP measurement results difference between MR and LP-WUR should be stable and comparable. One solution is to consider the antenna sharing architecture between LP-WUR and MR to guarantee better accuracy for RRM measurement offloading that can be discussed in UE RF session (more details can be found in our companion contribution [3]).

Proposal 7: FFS for LP-WUS monitoring entry/exit condition based on progress of UE RF session

2.2 RRC_CONNECTED state
As indicated in the WI objective:
	· For CONNECTED mode, specify procedures to allow UE MR PDCCH monitoring triggered by LP-WUS including activation and deactivation procedure of LP-WUS monitoring (RAN2, RAN1)
· Check in RAN#105 for potential TU adjustment in RAN2
· Note: In CONNECTED mode, UE MR ultra-deep sleep is not considered, and UE RRM/RLM/BFD/CSI measurements are performed by MR




During CONNECTED mode, UE RRM/RLM/BFD are performed by MR, these requirements are not applicable for LP_WUR during RRC CONNECTED mode. And timing requirements are also not applicable given LP-WUR don’t support UL transmission or CA/DC. 
Observation 2: No impact is observed   for  RRC_CONNECTED state mobility, timing, signaling characteristic, and measurement procedure requirements.
Regarding LP-WUS operation under RRC connected mode, following agreement reached in April RAN1 meeting:
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Agreement
· For RRC CONNECTED mode, from RAN1 perspective, further study following LP-WUS procedures to trigger PDCCH monitoring:
· Case 1: PDCCH monitoring is triggered by LP-WUS with C-DRX configuration
· Option 1-1: LP-WUS monitoring according to the LP-WUS monitoring configuration before drx-onDurationTimer to trigger the starting of the drx-onDurationTimer.
· This option may replace DCP functionality
· Option 1-2: LP-WUS monitoring outside C-DRX active time according to the LP-WUS monitoring configuration to trigger PDCCH monitoring.
· PDCCH monitoring possibly irrespective of drx-onDurationTimer
· Option 1-3: LP-WUS monitoring inside C-DRX active time according to the LP-WUS monitoring configuration to trigger PDCCH monitoring.
· Case 2: PDCCH monitoring is triggered by LP-WUS without C-DRX configuration. LP-WUS can be monitored at any time according to the LP-WUS monitoring configuration
· FFS duty-cycled and/or continuous LP-WUS monitoring
· Combination of options in Case 1 and combination of options in Case 1 and Case 2 are not precluded.

Agreement
For RRC CONNECTED mode, maximum number of LP-WUS information bits is up to X bits 
· FFS value X, which is no more than [8 or 16]

Agreement
For RRC CONNECTED mode, minimum time gap between LP-WUS reception and MR to start PDCCH monitoring is introduced considering at least following
· LP-WUS processing time
· MR transition time for ramp up
· Time/frequency synchronization of MR
· FFS whether UE can report supported minimum time gap from candidate values
FFS: Whether the minimum time gap values can be more than one

Agreement
For RRC CONNECTED mode, from RAN1 perspective, 
· PDCCH monitoring triggered by LP-WUS is enabled/disabled by gNB RRC signaling
· FFS whether to support UE assistance.
· LP-WUS monitoring by UE is known to gNB.
· FFS whether implicit/explicit indication from UE is necessary
· In case LP-WUS monitoring is enabled, following options are further studied
· Option 1: No additional indication/condition are introduced for activation/deactivation of LP-WUS monitoring
· Option 2: Activation/deactivation of LP-WUS monitoring by gNB L1/L2 signaling with or without UE assistance.
· Option 3: Activation/deactivation of LP-WUS monitoring based on condition(s), such as timer.
· Option 4: Activation/deactivation of LP-WUS monitoring based on implicit indication/condition, e.g. UL transmission.



The details of LP-WUS procedure to trigger PDCCH monitoring are still on discussion in RAN1 with several alternatives. Also the activation/deactivation of LP-WUS monitoring is still FFS in RAN1 and RAN2 work will be started from April meeting. 
Observation 3: FFS whether need to introduce LP-WUS monitoring activation and deactivation delay requirements pending on RAN2/RAN1 progress.  
3. Conclusion
In this contribution, our view on RRM requirement is provided.
Observation 1: FFS whether new requirements needed or not for LP-WUS monitoring during idle and inactive mode.
Proposal 1: RAN4 needs to further evaluate serving cell measurement relaxation by MR when LP-WUR is enabled 
Proposal 2: Neighbor cell evaluation can be discussed after further input from RAN2
Proposal 3: Introduce new requirements for serving cell measurement by OOK-based LP-WUR in RRC_IDLE/INACTIVE state with LP-SS based, and new requirements for serving cell measurement by OFDM-based LP-WUR in RRC_IDLE/INACTIVE state with PSS/SSS
Proposal 4: Pending on RAN1 progress on LP-WUS and LP-SS design, RAN4 shall wait sufficient input from RAN1 to start the evaluation work.   
Proposal 5: Paging reception requirement impact can be discussed after further input from RAN2 and RAN1.
Proposal 6: eDRX can be discussed after further input from RAN1
Proposal 7: FFS for LP-WUS monitoring entry/exit condition based on progress of UE RF session
Observation 2: No impact is observed   for RRC_CONNECTED state mobility, timing, signaling characteristic, and measurement procedure requirements.
Observation 3: FFS whether need to introduce LP-WUS monitoring activation and deactivation delay requirements pending on RAN2/RAN1 progress.  
Based on above proposals and observations, table below summarizes the expected impact to RRM core requirements for Rel-19 LP-WUS/WUR WI:
	RRM core requirements
	Expected impact

	4: RRC_Idle state mobility
5: RRC_INACTIVE state mobility
	4.1/4.2/5.1: Serving cell/intra-inter-frequency measurement by MR can be relaxed
· Serving cell measurement relaxation by MR 
· Intra/inter-freq. and inter-RAT measurement relaxation by MR
· Maximum interruption time in paging reception (FFS pending on RAN2/RAN1 progress) 
· Serving cell measurement requirement for LP-SS and PSS/SSS by LP-WUR
· eDRX (FFS pending on RAN1) 


	6: RRC_CONNECTED state mobility
	NO

	7: Timing
	No

	8. Signalling characteristics
	FFS on new requirements for LP-WUS monitoring during idle and inactive state
FFS on new requirements for LP-WUS monitoring activation and deactivation delay under connected mode

	9. Measurement
	NO
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