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Discussion and Decision
1 Introduction
R19 WI for Low-power Wake-up Signal and Receiver for NR was agreed in RAN#102, and the WI objective on RRM measurement relaxation and offloading in IDLE/INACTIVE state is copied below:
	4.1
Objective of SI or Core part WI or Testing part WI

The objectives of the work item are the following:

· 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)


This contribution provides our views on RRM measurement relaxation and offloading aspect.
2 Discussion

RAN1 progress

In RAN1#116 meeting, RAN1 discussed and decided to introduce the RRM measurement by LP-WUR based on LP-SS to satisfy a specific measurement accuracy. 
	LP-WUS and LP-SS design
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


Observation 1: RRM measurement based on LP-SS with a certain accuracy is supported on LR. 
RAN2 SI conclusion
Following is RAN1 and RAN2 outcome for RRC_IDLE/INACTIVE mode in R18 LP-WUS SI phase.  
	<RAN2 part>
For RRC_IDLE/INACTIVE mode:

-
RAN2 has studied the procedure where network configures LR for LP-WUS monitoring and concluded that LP-WUS to control paging/PEI monitoring with no UE reporting of WUS coverage status or change is feasible. Details are to be decided in WI phase.

-
RAN2 has studied and concluded to support subgrouping for LP-WUS, detailed design depends on the payload of LP-WUS. 

-
RAN2 has studied the entry and exit condition of using LP-WUS, and concluded the condition(s) could be at least based on the serving cell measurement using LR and/or MR.

-
RAN2 has studied LP-WUS configuration, at least via system information broadcast. 

-
RAN2 has studied and concluded the feasibility for RRM measurement relaxation (including no measurement) for serving cell by MR and neighboring cell by MR at least if RRM measurement on LR for serving cell is feasible/supported. 

	<RAN1 part>

RAN1 has carried out system level evaluations for the UE power saving and latency benefit of using LP-WUS/WUR for IDLE/INACTIVE UEs.

-
UE power saving gain cannot be observed if the existing Rel-18 MR RRM measurement periodicity for serving and neighbour cells are applied and UE MR enters in ultra-deep sleep during LP LP-WUS monitoring, therefore MR serving and neighbour cell measurement with further time domain relaxation than that is allowed in Rel-18 specification for IDLE/INACTIVE and/or at least serving cell RRM offloaded from MR to LR are beneficial. 

-
Compared with existing I-DRX operation, 

-
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. 

-
For duty-cycled LP-WUS monitoring and same duty ratio, higher power saving gain is observed if the relative power consumption of LP-WUR ON for LP-WUS monitoring is lower.

-
For continuous LP-WUS monitoring, UE power saving gain is only observed if the relative power consumption of LP-WUR ON for LP-WUS monitoring is lower, e.g. no larger than 1 unit. 

-
If the MR enters ultra deep sleep while monitoring LP-WUS, compared with legacy I-DRX operation with same I-DRX cycle, moderate paging latency increase (e.g. ~400ms) is observed by using LP-WUS/WUR, due to the ramp up and re-sync procedure of MR from ultra-deep sleep state and if legacy paging occasion is reused. From RAN1 perspective, potential techniques to decrease the latency e.g. using shorter I-DRX cycles, dynamic paging occasion determination, UE MR transmit PRACH directly after wake-up by LP-WUS, UE MR entering deep sleep during LP LP-WUS monitoring, were proposed and evaluated. 

-
Compared with existing eDRX operation, significant paging latency reduction and moderate UE power saving gain is observed, if LP-WUS monitoring and the corresponding paging monitoring after MR wake-up is performed not restricted within existing PTW of eDRX. Significant UE power gain and moderate paging latency increase is observed if LP-WUS monitoring is restricted within existing PTW of eDRX and existing paging occasion determination is reused.  


According to R18 study, based on the part highlighted in yellow, we can derive the following observations on the RRM measurement relaxation and offloading:

Observation 2: UE power saving gain is only reflected when UE relax the measurement by MR or offload measurement from MR to LR during UE monitoring LP-WUS period. 
Observation 3: RRM measurement relaxation and offloading operation for serving cell by MR is feasible if RRM measurement by LR is supported. 

Terminology of RRM measurement relaxation and offloading
Before we start the RRM measurement framework with LP-WUS, it’s better to align the understanding on the term of RRM measurement relaxation and offloading first. 

For RRM measurement offloading and relaxation, it refers to the RRM measurement via MR. The characteristics of that based on measurement type and mode is described in Table-1.
Table-1. Characteristics of different measurement relaxation and offloading 
[image: image1.png]Serving cell Relaxation Serving relaxation condition is met Relaxed FFS
Neighbor cell Relaxation Neighbor relaxation condition is met Relaxed No
Serving cell Offloading Serving offloading condition is met No Yes
Neighbor cell Offloading N/A N/A N’A





Proposal 0: For discussion purpose, the following assumption on the LP-WUS based RRM measurement will be used in RAN2 discussion:
· RRM measurement relaxation for serving cell: 
When serving relaxation condition is met, the measurement via MR for serving cell can be relaxed; the relaxation requirement will be defined by RAN4. 
· RRM measurement relaxation for neighbor cell:

When neighbor relaxation condition is met, the measurement via MR for neighbor cell can be relaxed; the relaxation requirement will be defined by RAN4. 

· RRM measurement offloading for serving cell:

When serving offloading condition is met, the measurement for serving cell is not performed on MR, but on LR. 
RRM measurement framework with LP-WUS
Since only serving cell measurement for the measurement offloading from MR to LR in WID scope, according to the observation 1-3, it’s clear that the serving measurement by LR is feasible and will be supported in R19, therefore, it’s clear that the serving measurement offloading/relaxation should be performed when the UE monitoring LP-WUS. And for neighbor measurement, it's always performed by MR.  
Proposal 1: During LP-WUS monitoring period, the serving cell measurement is relaxed or offloaded from MR to LR. 
Proposal 2: Neighbor measurement is always performed by MR. 

Based on observation 2 and proposal 1, when UE is monitoring LP-WUS, UE performs measurement in LP-WUS measurement mode. Therefore, to simplify the UE implementation and facilitate the discussion, we can clarify that condition for LP-WUS monitoring is the condition for serving measurement offloading/relaxation operation. 

Proposal 3: The (entry/exit) condition to monitor LP-WUS is the (entry/exit) condition of LP-WUS measurement mode. 
Following is our understanding on the UE operation in the RRM offloading/relaxation mode. We can call it as LP-WUS measurement mode.
· Serving measurement 

In the LP-WUS measurement mode, there are three options on serving measurement as follows. 
	Option 
	Serving measurement by LR
	Serving measurement by MR

	1
	Yes, based on SSB or LP-SS
	No

	2
	Yes, based on SSB or LP-SS
	Yes, in relaxation mode

	3
	No
	Yes, in relaxation mode.


According to the power saving performance, Option 1 is better than Option 2 and better than Option 3 (i.e. Option 1>Option 2> Option3).
Since RAN1 already agreed to support the serving measurement on LR, option 3 can be excluded. Between Option 1 and Option 2, We should prioritize Option 1 unless the measurement accuracy based on LP-SS by MR is insufficient. 

Proposal 4:  In LP-WUS measurement mode, UE performs the serving measurement by LR.
When UE performs the serving cell quality by LR in LP-WUS measurement mode, UE uses the serving measurement result can be used for mobility purpose. 

Proposal 5:  When UE performs the serving measurement by LR, the serving measurement result by LR can be used for mobility purpose. 
· Neighbor measurement
For neighbor measurement, UE operation is different based on frequency priority.
For the measurement on the frequency with higher priority, UE is required to always perform it regardless of whether the serving cell’s quality is good or not. In order to save UE power on this measurement, when UE is monitoring LP-WUS and in LP-WUS measurement mode, we should assume MR performs the neighbor measurement on higher priority frequency in relaxation mode. 

Proposal 6: In LP-WUS measurement mode, on the frequency with higher priority, UE is required to perform neighbor measurement by MR in relaxation mode. 
For the measurement on the frequency with same or lower priority, whether to initiate the measurement depends on the serving cell quality of the UE. Therefore, when UE is in LP-WUS measurement mode, and UE performs the serving measurement by LR, the serving quality based on measurement by LR can be used to evaluate whether to start this neighbor measurement. 

Proposal 7: In LP-WUS measurement mode, on the frequency with same or lower priority, can use the serving quality measured by LR to initiate the neighbor measurement by MR. 
3 Conclusion
According to the analysis in section 2, we propose that:
Observation 1: RRM measurement based on LP-SS with a certain accuracy is supported on LR. 

Observation 2: UE power saving gain is only reflected when UE relax the measurement by MR or offload measurement from MR to LR during UE monitoring LP-WUS period. 
Observation 3: RRM measurement relaxation and offloading operation for serving cell by MR is feasible if RRM measurement by LR is supported. 

Proposal 0: For discussion purpose, the following assumption on the LP-WUS based RRM measurement will be used in RAN2 discussion:

· RRM measurement relaxation for serving cell: 

When serving relaxation condition is met, the measurement via MR for serving cell can be relaxed; the relaxation requirement will be defined by RAN4. 

· RRM measurement relaxation for neighbor cell:

When neighbor relaxation condition is met, the measurement via MR for neighbor cell can be relaxed; the relaxation requirement will be defined by RAN4. 

· RRM measurement offloading for serving cell:

When serving offloading condition is met, the measurement for serving cell is not performed on MR, but on LR. 

Proposal 1: During LP-WUS monitoring period, the serving cell measurement is relaxed or offloaded from MR to LR. 
Proposal 2: Neighbor measurement is always performed by MR. 

Proposal 3: The (entry/exit) condition to monitor LP-WUS is the (entry/exit) condition of LP-WUS measurement mode. 
Proposal 4:  In LP-WUS measurement mode, UE performs the serving measurement by LR.

Proposal 5:  When UE performs the serving measurement by LR, the serving measurement result by LR can be used for mobility purpose. 

Proposal 6: In LP-WUS measurement mode, on the frequency with higher priority, UE is required to perform neighbor measurement by MR in relaxation mode. 
Proposal 7: In LP-WUS measurement mode, on the frequency with same or lower priority, can use the serving quality measured by LR to imitate the neighbor measurement by MR. 
