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The one of WID objectives is shown as 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)
· 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.
In this contribution, we analyze how the UE perform RRM measurement during LP-WUS monitoring mode.
2 Discussion
2.1 RRM measurement
Since LP-SS will be introduced, one more reference signal can be selected for RRM measurement reason apart from SSB (SSS). However, some restriction on which reference signal should be measured is identified. RAN1 has analysed two types of LR (low receiver), one is OOK-based LR and another one is OFDM-based LR. 
For OOK-based LR, since it is not able to perform measurement based on SSB due to lack of demodulation capability, only LP-SS can be used for RRM measurement, also in WID we specify that LP-SS is only used for serving cell measurement instead of neighbour cell measurement. That is to say, if mobility should be supported, in order to acquire different cell’s measurement result, the UE need to warm up MR to perform neighbour cell measurement based on SSB. However, frequent measurement by MR during LP-WUS monitoring mode is not pursued due to high transition consumption. Therefore, it is concluded that for OOK-based LR, serving cell measurement should be based on LP-SS by LR meanwhile neighbour cell measurement should be based on SSB by MR in a relaxed way. More details how relaxed it is could be FFS.
Proposal 1: for OOK-based LR, serving cell measurement is based on LP-SS by LR meanwhile neighbour cell measurement is based on SSB by MR in a relaxed way.
For OFDM-based LR, since now the LR is able to demodulate either LP-SS or SSB in serving cell for RRM measurement, both options can be considered. It provides an opportunity that network could, base on implementation, shut off the LP-SS transition and indicate UE to perform serving cell measurement based on SSB by LR, therefore, network energy consumption could be reduced. In a word, which reference signal should be measured by UE-LR could be indicated by network.
Proposal 2: for OFDM-based LR, whether serving cell measurement is based on LP-SS or SSB can be indicated by network.
One more issue is that does OFDM-based LR could also perform neighbour cell measurement based on SSB? According to RAN1 discussion, more study is needed that whether such kind of OFDM-based LR is able to identify SSB from other cell. Regarding this question, it is important because it will impact the decision on whether measurement could be totally offloaded from MR to LR, it is obvious that if all measurement procedure (including serving cell and neighbour cell) could be done only by LR, more power saving gain can be achieved. Since further procedure including measurement procedure/requirement, mobility can only be specified after this decision, an LS could be sent to RAN1/RAN4 to ask for the potential direction to facilitate further design.
Proposal 3: for OFDM-based LR, whether neighbour cell measurement is based on SSB by LR should wait for RAN1/4 conclusion.
Proposal 4: send an LS to ask RAN1/4 that whether neighbour cell measurement can be based on SSB by OFDM-based LR.
No matter whether OOK-based or OFDM-based LR is used, it is necessary to discuss whether neighbour cell measurement is always needed or not. In legacy measurement rule according to TS 38.304, the neighbour cell measurements however only need to be performed by the UE if the serving cell is not strong enough, in this way it is beneficial for measurement overhead also no impact on mobility issue. Same principle can be also considered during LP-WUS monitoring mode, i.e., the UE is not required to perform neighbour cell measurement if the serving cell signal quality based on LP-SS is good enough. It is also noted that in Rel-17 measurement relaxation for neighbour cell is introduced for power saving, when it comes to LP-WUS monitoring mode, this mechanism can also be considered, i.e., if neighbour cell measurement is activated, relaxed neighbour cell measurement should be performed. The power saving gain could be more considerable as for LP-WUS mechanism, transition power consumption is involved.


Fig.1 neighbor cell measurement
Proposal 5: neighbour cell measurement can be stopped or relaxed based on the serving cell signal quality, legacy measurement rule can be a baseline.
In case that both reference signals will be measured by UE, for example, serving cell measurement is based on LP-SS by LR and neighbour cell measurement is based on SSB by MR. Considering different reference signal could have different reception sensitivity, when both are used simultaneously for one evaluation, e.g., cell reselection or any other purpose by comparison between two reference signals. Some offset or compensation may be needed.
Proposal 6: if both LP-SS and SSB are evaluated simultaneously, the signal sensitivity should be further studied.
2.2 Mobility
To support LP-WUS monitoring mode mobility, besides cell measurement result is required, cell identification is also needed as UE need to identify which cell is camped/measured or which cell should be selected. And there is no problem for MR relaxed measurement to identify PCI based on SSB, but for LP-WUS monitoring mode, if there is no SSB measurement available, the UE could only acquire measurement result but not be able to identify a cell, that is to say even though the UE has already known the camped cell before entering LP-WUS monitoring mode, there could be inter-cell LP-SS interference, the UE probably would not know whether the current measured LP-SS is for the camped cell or not. Regarding this, cell identification information (e.g., based on specific sequence format) should also be carried by LP-SS, of which details could be decided by RAN1. And it is also better for future-proof if any case needed for Cell identification information.
Proposal 7: to support mobility and/or avoid inter-cell LP-SS measurement interference during LP-WUS monitoring mode, cell identification information can be carried by LP-SS, details can be decided by RAN1.
Regarding cell reselection, it is expected that cell reselection can be supported for a LPWUS capable UE since measurement is enabled during LPWUS monitoring mode. And one of the reasons why LPWUS monitoring mode need to support mobility is that we are expecting the UE could monitor LPWUS as much as possible among cells as long as there is no data/signal arrival even though the cell has already been changed, staying LPWUS monitoring mode as much as possible is beneficial for UE power saving. In legacy, the UE could perform cell reselection among neighbour cells without RRC state change. However there could be multiple neighbour cells who can not support LPWUS, and UE in these cell need to fall back to normal RRC_IDLE/INACTIVE from LPWUS monitoring mode, which is not so friendly for power saving. Therefore some solutions could be considered to let UE perform cell reselection to select one cell who supports LPWUS feature as much as possible, or just not preform cell reselection as long as the current serving cell can provide a good LPWUS service to UE, of which details can be FFS.
Proposal 8: RAN2 is suggested to consider optimization on cell reselection for LP-WUS monitoring UE.
3 Conclusions
Proposal 1: for OOK-based LR, serving cell measurement is based on LP-SS by LR meanwhile neighbour cell measurement is based on SSB by MR in a relaxed way.
Proposal 2: for OFDM-based LR, whether serving cell measurement is based on LP-SS or SSB can be indicated by network.
Proposal 3: for OFDM-based LR, whether neighbour cell measurement is based on SSB by LR should wait for RAN1/4 conclusion.
Proposal 4: send an LS to ask RAN1/4 that whether neighbour cell measurement can be based on SSB by OFDM-based LR.
Proposal 5: neighbour cell measurement can be stopped or relaxed based on the serving cell signal quality, legacy measurement rule can be a baseline.
Proposal 6: if both LP-SS and SSB are evaluated simultaneously, the signal sensitivity should be further studied.
Proposal 7: to support mobility and/or avoid inter-cell LP-SS measurement interference during LP-WUS monitoring mode, cell identification information can be carried by LP-SS, details can be decided by RAN1.
[bookmark: _GoBack]Proposal 8: RAN2 is suggested to consider optimization on cell reselection for LP-WUS monitoring UE.
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