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[bookmark: _Ref165266342]1 Introduction
The SID [1] of LPWUS is to study ultra-low power mechanism that can support low latency in Rel-18, e.g. lower than eDRX latency. This can be achieved by using a wake-up signal to trigger the main radio and a separate receiver which has the ability to monitor wake-up signal with ultra-low power consumption. Main radio works for data transmission and reception, which can be turned off or set to deep sleep unless it is turned on.
RAN1 has made some progress on LPWUS evaluation, architecture and signal design. And for RAN2 we have the following objective:
· Study and evaluate L1 procedures and higher layer protocol changes needed to support the wake-up signals  [RAN2, RAN1] 
Since this is first RAN2 meeting to discuss LPWUS, we generally analyze LPWUS impact on the higher layer design.
2 Discussion
2.1 The relationship between RRC state and LPWUS mode


Fig.1 LPWUS framework
As shown in Fig.1, in this mechanism, a new separated/integrated receiver (i.e., low power wake up receiver, LPWUR) is introduced to monitor low power wake up signal (LPWUS). And main radio (MR) is to describe the regular communication device (i.e., NR device today), in which operations related to RRC_IDLE/INACTIVE/CONNECTED state are performed.
The fundamental of this LPWUS mechanism is that UE does not have to always switch on its MR (or keep in active time) when there is no any data/signal coming but only use a separated LPWUR to monitor simple LPWUS for possible data/signal (which means low power consumption), so that more power saving gain is achieved.
It is noted that in legacy UE who is accessing network anyway need to stay in any one of RRC states, but now since a new LPWUR is introduced and the MR can be switched off, in this kind of “LPWUS mode”, what UE need to do may only monitor LPWUS (or synchronization signal) without actions related to RRC_IDLE/INACTIVE/CONNECTED, e.g., paging, SSB reception, UE specific monitoring etc.
Therefore, in this kind of “LPWUS mode” (i.e., LPWUR is switched on and MR is switched off), we need to consider whether to introduce “a new mode” for LPWUS, or such kind of mode can be regarded as a sub-state of RRC state. It can be further studied based on the progress of specific design for LPWUS.
Proposal 1: RAN2 is suggested to consider whether to define “a new mode” within RRC state or outside RRC state for LPWUS monitoring based on the progress of specific design for LPWUS.
2.2 LPWUS transition notification
In legacy, for RRC_CONNECTED UE, if there is no more data/signal coming to the UE, network may, based on implementation (e.g., internal inactivity timer), send RRCRelease to UE, then UE is released to RRC_IDLE/INACTIVE for power saving. Furthermore, now we are not just satisfied with the power consumption in RRC_IDLE/INACTIVE, UE can even stay in LPWUS mode for ultra-low power consumption. 
Basically, UE can be transited to LPWUS mode from any RRC states. Thus we need some mechanisms to let network inform UE of entering LPWUS mode. And for RRC_CONNECTED (maybe this is a low priority but still can be studied), it is straightforward that using RRCRelease to carry indication of entering LPWUS mode, but for RRC_IDLE/INACTIVE, since there is no dedicated RRC signal reach to a specific UE, how to inform UE of entering LPWUS mode should be considered.
Proposal 2: RAN2 is suggested to consider how network inform UE of entering LPWUS mode from any RRC states especially for RRC_IDLE/INACTIVE.
However, there could be case that UE can determine entering LPWUS mode by itself (if possible), but even for this UE self-triggered behaviour, the UE still need to figure out some methods to let network be aware of the UE state, otherwise, state misalignment could happen and network can not send suitable signal to reach such kind of UEs.
2.3 LPWUS false alarm issue
In legacy for RRC_IDLE/INACITVE, the UE need to monitor paging for possible data/signal coming. Furthermore since there is no dedicated channel in RRC_IDLE/INACTIVE, multiple UEs may use the same paging resource/occasion to monitor its own possible data/signal. However even though one UE receive the paging indication, sometimes the paging message including specific UE-ID may not indicate that UE but for other UEs, which cause unnecessary paging reception (unnecessary power consumption), i.e., false alarm issue.
Similarly, UE specific channel in LPWUS mode may not be assumed, so UE may have the same problem as paging reception. And this is more related to how we design LPWUS and which resource we will use, for example, whether all UEs in one cell is to monitor a simple OOK/ASK signal without UE specific ID/group ID and which time/frequency domain including duty-cycle or non-duty-cycle we will use for the LPWUR monitoring. Anyway we are not expecting that all UEs monitor the same LPWUS, some mechanisms can be further studied to solve the false alarm issue for better power saving.
Proposal 3: RAN2 is suggested to consider the LPWUS false alarm issue, i.e., avoid massive UEs monitoring the same LPWUS.
2.4 LPWUS mobility
Maybe this mobility issue might be a little ahead at this initial period as we now are focusing the basic design for LPWUS framework. But it is still worth to discuss for better performance.
In legacy mobility for RRC_IDLE/INACTIVE, cell reselection is performed by UE to let the UE camp on a suitable cell, and once downlink data/signal is available, network use paging mechanism to find this UE in one or multiple cells in TA list or RNA. That is to say, mobility is supported by cell reselection and paging in other cells.
First, for a mobility capable UE, reference signal / measurement / cell ID are required to evaluate the cell reselection mechanism, however, in LPWUS mode, if we only design a simple LPWUR which is used only to monitor LPWUS, mobility cannot be supported due to lack of e.g., reference signal / measurement / Cell ID. It means only stationary UE (no cell change) can support this feature. Otherwise a moving UE who is not performing intra-cell measurement could lost coverage of the anchor cell and not performing inter-cell measurement could not evaluate the cell reselection or cell change in LPWUS mode.
Second, once LPWUS capable UE support mobility, not only the anchor cell but also other cells need to send LPWUS to find the UE. Thus some RAN3 related work is required referring to XnAP RAN Paging message.
To support LPWUS mobility, the design of LPWUS need to consider more factors such as, what measurement reference signal is available during LPWUS mode and whether there is additional information (e.g., synchronization, Cell ID) included in LPWUS. And this is related to RAN1 work, we can determine whether to support LPWUS mobility based on the progress on LPWUS design.
Proposal 4: RAN2 is suggested to consider whether to support LPWUS mobility based on the progress on LPWUS design.
3 Conclusions
Proposal 1: RAN2 is suggested to consider whether to define “a new mode” within RRC state or outside RRC state for LPWUS monitoring based on the progress of specific design for LPWUS.
Proposal 2: RAN2 is suggested to consider how network inform UE of entering LPWUS mode from any RRC states especially for RRC_IDLE/INACTIVE.
[bookmark: _GoBack]Proposal 3: RAN2 is suggested to consider the LPWUS false alarm issue, i.e., avoid massive UEs monitoring the same LPWUS.
Proposal 4: RAN2 is suggested to consider whether to support LPWUS mobility based on the progress on LPWUS design.
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