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Introduction
A new R19 WI “Low-power wake-up signal and receiver for NR (LP-WUS/WUR)” was approved in RAN#102, and the latest WID can be found in [1]. The objectives related to RAN4 are copied below.
	· To specify an LP-WUS design commonly applicable to both IDLE/INACTIVE and CONNECTED modes (RAN1, RAN4)
· Specify OOK (OOK-1 and/or OOK-4) based LP-WUS with overlaid OFDM sequence(s) over OOK symbol
· The LP-WUS design shall ensure that for IDLE/INACTIVE operation, the same information is delivered irrespective of LP-WUR type. The OFDM sequence can carry information.
· At least duty-cycled monitoring of LP-WUS is supported
· For IDLE/INACTIVE modes
· Specify procedure and configuration of LP-WUS indicating paging monitoring triggered by LP-WUS, including at least configuration, sub-grouping and entry/exit condition for LP-WUS monitoring (RAN2, RAN1, RAN3, RAN4)
· Specify LP-SS with periodicity with Yms for LP-WUR, for synchronization and/or RRM for serving cell. (RAN1, RAN4)
· LP-SS is based on OOK-1 and/or OOK-4 waveform with or without overlaid OFDM sequences. Further down selection between with and without overlaid OFDM sequences is to be done within WI.
· Note: For LP-WUR that can receive existing PSS/SSS, existing PSS/SSS can be used for synchronization and RRM instead of LP-SS.
· Y will be decided within WI. 320ms is the start point.
· 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)
· Note: The target coverage of LP-WUS and LP-SS shall be the coverage of PUSCH for message3.
· Note: The optimization of LP-WUS signal design for idle/inactive mode is prioritized over the optimization for connected mode.
· Specify the necessary RAN4 core requirement(s) to support the feature (RAN4).
· [bookmark: OLE_LINK1]Specify UE low-power wake-up receiver requirements, at least REFSENS, ACS and ASCS requirements with consideration of possible new methodology to assess the low-power wake-up receiver performance
· Define guard RBs for ACS and ASCS cases
· Study testability of above requirements
· Consider impacts of different architecture and impairments, and set requirements that enable all types of reasonable implementation 
· Study and if necessary specify or support by declaration, the corresponding BS requirements, e.g., dynamic range for LP-WUS/LP-SS. 
· Current NR BS requirements is baseline
· Specify necessary RRM requirements


In this paper, we will provide our initial views on RRM requirements for LP-WUR.
Discussion
RRM requirement 
RAN4 needs to first discuss the scope of RRM requirements. Based on our understanding of WID, the RRM work should focus on the new measurement scenarios in RRC_IDLE/INACTIVE. 
	· 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)


First, it may happen that UE uses MR for serving and neighbor cell measurement, but with relaxation. RAN4 has defined relaxed measurement requirements for cell reselection in R16 power saving WI, and we assume similar requirements are to be defined. The entry/exit condition and relaxation factor may be different. The former should be discussed in RAN2, and the latter in RAN4. We will discuss it later in this paper.
Second, it may happen that UE uses LP-WUR for serving cell measurement. Based on the SI discussion, there are mainly two types of LP-WUR under consideration: 
· LP-WUR with OOK receiver: the receiver that can only perform energy detection
· LP-WUR with OFDM receiver: the receiver with I/Q branches that can perform sequence detection
For OOK receiver, RAN1 is defining LP-SS because it cannot use current OFDM signal for sync and RRM. RAN4 needs to define LP-SS based RRM measurement requirements for this receiver.
For OFDM receiver, according to WID, existing SSB can be used for sync and RRM. RAN4 needs to define SSB based RRM measurement requirements for this receiver.
Therefore, RAN4 should define 3 sets of requirements as follows. Each set of requirements includes delay in terms of number of occasions/samples, and should also include accuracy. For RRC_IDLE/INACTIVE, RAN4 may not need to define explicit accuracy as for RRC_CONNECTED. In cell reselection requirements, accuracy is implicitly defined as margin (highlighted in yellow in the copied requirements), and we assume similar approach can be used. 
	For an intra-frequency cell that has been already detected, but that has not been reselected to, the filtering shall be such that the UE shall be capable of evaluating that the intra-frequency cell has met reselection criterion defined in TS38.304 [1] within Tevaluate,NR_Intra when Treselection = 0 as specified in table 4.2.2.3-1, table 4.2.2.3-2, table 4.2.2.3-3, table 4.2.2.3-4 or table 4.2.2.3-5 provided that:
when rangeToBestCell is not configured:
-	the cell is at least 3dB better ranked in FR1 or 4.5dB better ranked in FR2.


Proposal 1: RAN4 to define RRM measurement delay and (implicitly) measurement accuracy requirements for the following combinations of receiver and reference signal.
· MR, based on SSB, with relaxed measurement 
· LP-WUR with OOK receiver, based on LP-SS
· LP-WUR with OFDM receiver, based on SSB
For each set of requirements, RAN4 needs to determine the SINR side condition, measurement delay and measurement accuracy.
For MR measurement with relaxation, defining the requirements is straightforward. The SINR side condition and accuracy should be same as in existing requirements for cell reselection, while the delay is extended by a relaxation factor. As the relaxation is aimed at power saving, we believe the power saving gain should be the main factor to determine the relaxation factor. Figure 1 shows our evaluation on the power saving gain from SI for MR relaxed measurement, with different relaxation factors.
[image: C:\Users\z00471532\AppData\Roaming\eSpace_Desktop\UserData\z00471532\imagefiles\5B42CE3E-6806-4BA6-8259-EE51DE8C464E.png]
Figure 1: Power saving gain for MR relaxed measurement with different relaxation factors
It can be seen that the power saving gain reduced obviously when relaxation factor becomes smaller. With 10 times relaxation, the gain is 20% in ideal case for paging, and to achieve meaningful gain in realistic case, the relaxation factor needs to be > 20. We suggest RAN4 to consider 16 as the smallest relaxation factor.
Proposal 2: For MR measurement with relaxation, the legacy SINR condition and accuracy are re-used, and the relaxation factor should be >= 16.
For LP-WUR measurement, RAN4 needs to discuss the methodology for defining the requirements. Based on the discussion during SI and the latest discussion in RAN1, we understand RAN4 can wait for further agreement from RAN1 on the target SINR conditions, as this is being discussed in RAN1. RAN4 can use the agreed target SINR as the baseline for the side condition for LP-WUR measurement requirements.
RAN4 then needs to evaluate the RRM measurement performance at the target SINR conditions. Here we still have two dynamic factors, i.e. delay and accuracy. We suggest RAN4 to first determine the target accuracy, e.g. same accuracy as for cell reselection or with some relaxation, and then the corresponding delay. As long as the delay is reasonable for typical deployments, the triplet of SINR, accuracy and delay can be used for defining the requirements.
Proposal 3: To define the serving cell RRM measurement requirements for LP-WUR, RAN4 to 
· Wait for further agreement from RAN1 on the target SINR conditions as baseline 
· Evaluate the RRM measurement delay and accuracy at the target SINR conditions
· Determine the target accuracy and corresponding delay 
One particular issue RAN4 needs to consider when evaluating the measurement performance of LP-WUR is the time and frequency error. It is well known that the measurement performance degrades with larger time and frequency error. 
In legacy requirements the time and frequency error may not be big issue as UE will perform sync on SSB before measurement. For LP-WUR, the sync performance may not be as good as MR, especially for OOK receiver, and the impact of time and frequency error may not be negligible. We suggest RAN4 to discuss the assumption on time and frequency error, e.g. when agreeing on the simulation assumption for LP-WUR.
Proposal 4: To define the serving cell RRM measurement requirements for LP-WUR, RAN4 to discuss the assumption on time and frequency error the measurement may experience.
[bookmark: _Hlk162600933]Entry/exit of LP-WUS monitoring
Another aspect RAN4 needs to discuss is the entry/exit of LP-WUS monitoring. 
· When the entry condition for LP-WUS monitoring is met, UE may turn off MR for paging monitoring but monitors LP-WUS with LP-WUR, and UE should wake up MR for paging reception when it receives WUS targeting at it. 
· When the exit condition for LP-WUS monitoring is met, UE should turn on MR for paging monitoring. 
It is important that UE does not miss paging when entry/exit condition for LP-WUS monitoring is met. We suggest RAN4 to define requirements on UE paging monitoring to make sure that UE does not miss paging when entry/exit condition for LP-WUS monitoring is met.
· When the entry condition for LP-WUS monitoring is met, it is important to make sure UE timely opens LP-WUR for LP-WUS monitoring if it turns off the MR, otherwise it may miss paging.
· When the exit condition for LP-WUS monitoring is met, it is important to make sure UE timely opens MR for paging monitoring if MR is turned off, otherwise it may miss paging. 
Proposal 5: RAN4 to define requirements on UE paging monitoring to make sure that UE does not miss paging when entry/exit condition for LP-WUS monitoring is met. 
On the entry/exit condition, we understand RAN2 is the main WG to discuss procedure and configuration, while RAN4 should discuss the metrics. One straightforward metric is RSRP, which is already used in legacy procedures for measurement control. 
However, the performance or coverage of LP-WUS is mainly determined by SINR, but there may not be a 1-to-1 mapping between RSRP and SINR, and SINR is not a measurement quantity discussed in RAN1. Also, some other metrics such as RSRQ or RSSI can also be considered. We suggest RAN4 to discuss the metrics for defining entry/exit condition for LP-WUS monitoring.
Proposal 6: RAN4 to discuss the metrics for defining entry/exit condition for LP-WUS monitoring. At least RSRP is considered, and other metrics are FFS.
In above discussion, the entry/exit condition is for LP-WUS monitoring. RAN4 also needs to discuss entry/exit condition for serving cell RRM measurement offloading, i.e. when UE could turn off MR but use LP-WUR for serving cell RRM (sync and measurement). 
In our view, same entry/exit condition for LP-WUS monitoring applies for serving cell RRM measurement offloading. The following scenarios can be resulted from different conditions for the two procedures
· UE uses MR for paging monitoring but not for serving cell RRM. We do not think this scenario makes much sense because the power saving gain is marginal – MR anyway wakes up every paging cycle for paging monitoring, and it does not take much more power for MR to do serving cell RRM. On the other hand, the sync performance of LP-WUR may not be enough for paging reception.
· UE uses MR for serving cell RRM but not for paging monitoring. We do not think this scenario makes much sense because there would be no power saving gain from using LP-WUR when MR needs to wake up every DRX cycle for RRM. Of course, MR measurement may be relaxed, but then it is much more infrequent compared to LP-WUR based serving cell RRM, and the time and frequency drift in between two MR measurements may make the time and frequency error too large for LP-WUS monitoring.
Proposal 7: RAN4 to confirm that same entry/exit condition for LP-WUS monitoring applies for serving cell RRM measurement offloading (from MR to LP-WUR).
Conclusions
In this paper we provided our initial views on RRM requirements for LP-WUR.
Proposal 1: RAN4 to define RRM measurement delay and (implicitly) measurement accuracy requirements for the following combinations of receiver and reference signal.
· MR, based on SSB, with relaxed measurement 
· LP-WUR with OOK receiver, based on LP-SS
· LP-WUR with OFDM receiver, based on SSB
Proposal 2: For MR measurement with relaxation, the legacy SINR condition and accuracy are re-used, and the relaxation factor should be >= 16.
Proposal 3: To define the serving cell RRM measurement requirements for LP-WUR, RAN4 to 
· Wait for further agreement from RAN1 on the target SINR conditions as baseline 
· Evaluate the RRM measurement delay and accuracy at the target SINR conditions
· Determine the target accuracy and corresponding delay 
Proposal 4: To define the serving cell RRM measurement requirements for LP-WUR, RAN4 to discuss the assumption on time and frequency error the measurement may experience.
Proposal 5: RAN4 to define requirements on UE paging monitoring to make sure that UE does not miss paging when entry/exit condition for LP-WUS monitoring is met. 
Proposal 6: RAN4 to discuss the metrics for defining entry/exit condition for LP-WUS monitoring. At least RSRP is considered, and other metrics are FFS.
Proposal 7: RAN4 to confirm that same entry/exit condition for LP-WUS monitoring applies for serving cell RRM measurement offloading (from MR to LP-WUR).
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