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1 Introduction
The contribution discusses RRM measurement for UE power saving, including RRM measurement relaxation and misalignment between SSB/SMTC and DRX on-duration, etc.

2 RRM measurement relaxation
It was agreed in RAN1#94bis that relaxing RRM measurement should be studied for R16 UE power saving.
	Agreements:
· Further study on relaxing/adapting RRM measurement for UE power saving, 
· Relaxing/adapting the number of RRM measurements in time domain for serving cell and neighbor cells based on certain conditions, e.g., number of SSB/CSI-RS/measurement occasions.
· Relaxing/adapting the number of measured cells/frequencies for neighbor cells based on different conditions 
· Schemes considered should disclose the mechanism used to determine the mobility/speed assumed
· FFS conditions, e.g., channel condition, UE location, UE speed, measurement configuration, measurement results, cell type, etc.
· FFS impact on measurement/mobility performance
· Relaxed/adapting measurement report (if any)
· Other solutions are not precluded.



2.1 RRM measurement relaxation in R15 NB-IoT
At least for low mobility UEs, there could be excessive RRM measurements. Because of this, relaxed RRM measurement had been specified in R15 NB-IoT, as the following agreement.
	Agreement:
For UE operating WUS, UE is allowed to relax RRM measurements, at least for low mobility UEs, to once every N DRX cycles, where N is FFS
· The RRM measurement relaxation is enabled/disabled by the network.
· WUS can still be enabled by the network when the RRM measurement relaxation is disabled.



One example of RRM measurement relaxation is shown in the following figure. 



Figure 1: RRM measurement relaxation in NB-IOT

[bookmark: OLE_LINK21][bookmark: OLE_LINK22]It can be observed that if low mobility UE is allowed to relax RRM measurement to once every N DRX cycles, UE may almost stay sleep state (e.g. deep sleep) within the N DRX cycles ideally. Simply speaking, RRM measurement relaxation can make low mobility UE stay in sleep state.
Observation 1: RRM measurement relaxation can make low mobility UE stay in sleep state.

2.2 Triggering PDCCH monitoring in R15 NB-IoT
In realistic, with RRM measurement relaxation UE should still wake up to check whether there is paging. To make UE stay in sleep state (e.g. light sleep), BS can use WUS (Wakeup Signal) to inform UE whether there is paging. The following agreement was reached at RAN1#89.
	Agreement:
· A physical signal/channel indicating whether the UE needs to decode subsequent physical channel(s) is introduced, at least for idle mode paging. Candidates for the signal/channel are:
· Wake-up signal or DTX
· Go-to-sleep signal or DTX
· Wake-up signal with no DTX
· Downlink control information
· FFS whether synchronization to the camped-on cell is assumed for detecting/decoding WUS/GTS, depending on the (e)DRX cycle length
· Design details are FFS
· Connected mode DRX is FFS



The following figure shows an example of usage of WUS.

Figure 2: RRM measurement relaxation with WUS in NB-IOT

It can be observed that WUS can make low mobility UE almost stay in sleep state even if PDCCH needs to be monitored timely.
[bookmark: OLE_LINK20]Observation 2: WUS can make low mobility UE almost stay in sleep state even if PDCCH needs to be monitored timely.

2.3 Re-sync in R15 NB-IoT
[bookmark: _GoBack]As mentioned above, with RRM measurement relaxation, UE may almost stay in deep sleep state or light sleep state, however, this can lead to impairment of sync at UE. Fortunately, impairment of sync, including AGC inaccuracy and T/F offset, can be compensate by WUS. It was agreed in RAN1#93 WUS can be used to compensate timing/frequency offset resulting from not synchronizing due to the RRM measurement relaxation. The compensation can be regarded as re-sync procedure.
	Agreement
· Support WUS with synchronization of up to the timing/frequency offset resulting from not synchronizing due to the RRM measurement relaxation of N DRX cycles, where N is configured from the list of {1, 2, 4, 8} with the condition that N DRX cycles <= 10.24s.
· Configuration of N is cell specific.



Observation 3: WUS can be used to compensate impairment of sync resulting from not synchronizing due to the RRM measurement relaxation.

2.4 RRM measurement relaxation in R16 NR
In our view, RRM measurement relaxation can be also introduced in R16 NR at least for low mobility UE.
It was agreed in RAN1#94bis that additional resource can be introduced.
	Agreements:
· Further study on the benefit/impact for additional resource for RRM measurements for power saving for mobility performance not inferior to that of Rel-15 
· The schemes proposed should at least include the following aspects:
· The signals/channels used as additional resource
· Procedure on how to use additional resources.
· Overhead from network perspective should be considered.


In our view, the additional resource could have functionalities like WUS defined in R15 NB-IoT, such as triggering PDCCH monitoring and re-sync.
Therefore, we have the following proposal.
Proposal 1: RRM measurement relaxation can be introduced at least for low mobility UE, and the additional resource could have functionalities like WUS defined in R15 NB-IoT, such as triggering PDCCH monitoring and re-sync.

3 Reduction of UE wakeup due to misalignment between SSB/SMTC and DRX
It was agreed in RAN1#94bis that possible misalignment between SSB(s)/SMTC and DRX on-duration should be studied.
	Agreements:
· Focus on stationary (e.g., 0km/h), pedestrian (e.g., 3km/h) and vehicular (e.g., 30km/h) scenarios for further studies when considering UE power saving techniques for RRM measurements,
· Further studies UE power saving for RRM measurement by considering the following issues
· Multi-beam/multi-cell related RRM measurement issues.
· Possible misalignment between SSB(s)/SMTC and DRX ON duration



If misalignment happens, UEs may wake up for both SSB/SMTC and DRX on-duration. 
SSB/SMTC could be cell specific or group common, while DRX configuration is UE specific. Hence, it is hard for network to align SSB/SMTC with DRX on-duration for all UEs. The following figure shows misalignment between SSB/SMTC and DRX on-duration.


Figure 3: Misalignment between SSB/SMTC and DRX

One straightforward method to mitigate this issue is to design the additional RS as a RRM measurement RS occurring before DRX on-duration. But RRM measurement RS may need a large overhead to guarantee RRM measurement performance, especially for neighbor cell measurement or even inter-frequency measurement. So, we have a concern on overhead of the additional resource if it is used as a RRM measurement RS.
Therefore, we have the following proposal.
Proposal 2: Overhead of the additional resource should be considered, if it is used as a RRM measurement RS.

4 RRM measurement occasions increasing due to pre-sync 
It was reported in [1] that AGC tuning will cause additional measurement occasions. The following figure shows that UE needs two SSBs for AGC tuning and RRM measurement to get one RRM measurement sample.


Figure 4: Two SSBs for AGC tuning and RRM measurement

In our view, this issue may not be so critical, since RRM measurement may be performed with large dynamic range. It is better to ask RAN4 to study the impact of RRM measurement performance, regarding the case that when UE wakes up from sleep state and performs RRM measurement (needs pre-sync). 
Therefore, we have the following proposal.
Proposal 3: It is suggested to send an LS for asking RAN4 to study the impact of RRM measurement performance, regarding the case that when UE wakes up from sleep state and performs RRM measurement (needs pre-sync).

5 Conclusion
As summary, we propose that:
Proposal 1: RRM measurement relaxation can be introduced at least for low mobility UE, and the additional resource could have functionalities of WUS defined in R15 NB-IoT, such as triggering PDCCH monitoring and re-sync.
Proposal 2: Overhead of the additional resource should be considered, if it is used as a RRM measurement RS.
Proposal 3: It is suggested to send an LS for asking RAN4 to study the impact of RRM measurement performance, regarding the case that when UE wakes up from sleep state and performs RRM measurement (needs pre-sync).
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