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[bookmark: _Ref165266342]1 Introduction
In last RAN2#123b meeting, there is no discussion on LPWUS applied in RRC_IDLE/INACTIVE. In RAN2#123 meeting, based on an offline email discussion [1], the following agreements are made:
Entry/exit condition(s) of using LP-WUS is configured in SIB. 
FFS via RRC dedicated signaling, e.g. by RRC release.
Entry condition(s) of using LP-WUS include at least good serving cell quality, e.g. the serving cell quality measurement on LR and/or serving cell quality measurement on MR is better than configured threshold(s) in SIB. Other condition(s) is not precluded/FFS.  
UE stops using LP-WUS when exit condition(s) configured in SIB is fulfilled. The exit condition(s) includes at least out of coverage of LP signaling, e.g. the serving cell quality measured by LR is less than the configured threshold in SIB, FFS on measurement on MR.
FFS the serving cell quality measurement on LR is based on LP-SS and/or SSB (pending RAN1 decision).
After waking up by a LP-WUS, capture the below solutions in the TR:
Alt 1.1: UE could monitor paging DCI/paging;
Alt 1.2: UE could monitor PEI, if configured and supported; FFS details on using LP-WUS and PEI together, e.g. subgrouping
FFS Alt 2: UE could perform random access directly, FFS on whether and what condition/requirement is needed. R2 assumes that this require that LP-WUS includes UE_ID or equivalent. (Depends on LP-WUS capacity to carry information)
For Alt.1 above, after waking up by a LP-WUS, RAN2 assumes the baseline is the UE monitors the legacy PO. 
RAN2 consider the subgrouping methods for LP-WUS (if supported) includes the CN assigned and/or UE_ID based subgrouping, which are similar to the PEI subgrouping methods. Details determined during WI phase. 
The number of subgroups depends on the decision on payload of LP-WUS in RAN1.
Capture the below pros/cons in the TR on whether there is necessarity for the network to be aware of whether an idle/inactive UE is monitoring LP-WUS or not. Details to be updated during TR drafting. 
For UE in RRC_IDLE/RRC_INACTIVE state, FFS on whether there is need for the network to be aware of whether the UE is monitoring LP-WUS or not.
[bookmark: OLE_LINK142][bookmark: OLE_LINK135][bookmark: OLE_LINK137]R2 assumes In ultra-deep-sleep, RRM measurement on serving cell via MR is relaxed (may include no measurement) if RRM measurement on LR is feasible/supported. FFS on the details, e.g. how to relax, in which condition,. 
R2 assumes In ultra-deep-sleep, RRM measurement on neighboring cell via MR is relaxed (may include no measurement) if RRM measurement on LR is feasible/supported. FFS on the details, e.g. how to relax, in which condition,.
FFS: RRM measurement for neighboring cell by LR as well as corresponding cell (re-) selection.
FFS to what extent UE maintains valid SI in case UE’s MR is in ultra-deep sleep state.  
R2 assumes that the Network may have the need to wake up UE by LP-WUS from ultra-deep sleep whenever there is ETWS/CMAS information etc, applicability to SI change notification FFS
It can be seen that a lot of scopes are identified which is useful to construct the whole framework of LPWUS in RRC_IDLE/INACTIVE. In this contribution, we further discuss the potential considerations based on the scope.
2 Discussion
2.1 Entry/Exit condition of LPWUS monitoring
Pre-condition
In last RAN2 meeting, RAN2 agreed to study the entry/exit condition of using LPWUS by configuring the serving cell quality measurement on MR and/or LR, and FFS other suitable conditions. To our understanding, besides serving cell quality, the mobility state of UE can also be considered as it can reflect how stable the UE’s signal strength is when staying in one serving cell, which gives more robust to the entry/exit condition. Furthermore, based on the current RRM measurement relaxation mechanism, both serving cell quality and mobility are introduced as the evaluation criteria, such as not-at-cell-edge, low mobility criterion, and these legacy criteria can be reused or taken as baseline for the entry/exit condition of using LPWUS.
Proposal 1: In addition to the serving cell quality, mobility state can be also included for entry/exit condition of using LPWUS.
Network indication
Besides implicit way, i.e., entry/exit condition of using LPWUS by UE autonomous decision, explicit way can also be considered, that is to say, network can notify a RRC_IDLE/INACTIVE UE of entering LPWUS monitoring mode by explicit indication. For PROs of this solution, it provides a flexible way to let network take control of UE, for example, if network release one UE into RRC_IDLE and after a while there is no DL data coming to this UE, network could further indicate this UE entering LPWUS monitoring, but this is up to NW implementation. Furthermore, if the same coverage between LPWUS and PDCCH is assumed, then this solution can let network be aware of whether UE is staying in LPWUS monitoring mode or normal RRC_IDLE state, which solves the network awareness issue. For the CONs of solution, it is not easy for network to notify a RRC_IDLE/INACTIVE UE as there is no dedicated signalling during these states, more impact on the spec will be assumed. Furthermore, signalling overhead is increased since the network need to send the explicit indication to such a UE. What’s worse, Xn interface signalling overhead can even be introduced if we need to notify one UE within TA/RNA area, but this depends on the design details. 
More details need FFS, if network want to transit a UE from RRC_IDLE/INACTIVE to LPWUS monitoring mode, since no dedicated RRC signalling can reach to such UEs, only common signalling can be used, such as system information, but by this way, a group of UEs will be notified, obviously different UE has different situation, it is not preferred to use SI to notify a group of UEs.
To our understanding, if network want to notify an individual UE in RRC_IDLE/INACTIVE in legacy, paging message can achieve this functionality. In legacy UE ID (e.g., 5G-S-TMSI / I-RNTI) can be used to notify which UE should establish/resume RRC connection. Here we can consider using paging message to notify a RRC_IDLE/INACTIVE UE of entering LPWUS mode. 
Besides paging notification, a new common channel still can be considered (let’s say low power control channel), network can include the UE ID in this channel information as an indication of entering LPWUS monitoring mode. And a LPWUS capable UE needs to monitor a low power control channel during RRC_IDLE/INACTIVE, if its own UE ID matches the one in low power control channel, UE will enter LPWUS monitoring mode.
By means of the solutions described above, network can individually notify a RRC_IDLE/INACTIVE UE of entering LPWUS mode.
Proposal 2: For network indication to trigger RRC_IDLE/INACTIVE UE entering LPWUS monitoring mode, the following solutions can be considered:
· Use paging message to notify UE of entering LPWUS monitoring mode
· Design a new control channel to notify UE of entering LPWUS monitoring mode
2.2 UE behaviour after waking up by LPWUS
RAN2 confirmed to study the following solutions for the UE behaviour after LPWUS reception:
1. Monitor PO;
2. Monitor PEI+PO;
3. (FFS) Initiate random access.


Fig.1 UE behaviour after LPWUS reception
The difference between solution 1 and 2 is that whether the UE still needs to monitor PEI firstly. Intuitively, there is no need to use both LPWUS+PEI in combination as they has the similar function (i.e., indicate whether there is paging/data/signal available), monitoring both can increase unnecessary power consumption. However due to false alarm issue, it is also not clear that whether only to use LPWUS (i.e., exclusive of PEI) is good enough, for example, if group capacity in LPWUS is not sufficient (e.g., only 2 groups), unnecessary LPWUS reception increase the UE power consumption instead, thus in this case, PEI (e.g., 8 groups) can be used to “double filter” the false alarm. But if the granularity level of LPWUS subgrouping is same as PEI’s, or PEI does not support subgrouping (i.e., only one group), there is no need to use both then. 
Proposal 3: LPWUS and PEI can be used in combination, i.e. UE firstly monitors LPWUS and if it is detected, monitors PEI. 
Proposal 3a: Combination of LPWUS and PEI should be limited to a certain cases only, e.g. subgrouping of LPWUS and PEI have different granularity level. 
Another solution is that UE could directly initiate random access after LPWUS reception, so that UE could omit the (PEI+) paging reception procedure for more power saving. RAN2 has analysed one solution that includes UE-specific ID (e.g., 5G-S-TMSI) into LPWUS, thus the UE can confirm the RA procedure since there is no false alarm issue. But due to low capacity of LPWUS, it is impossible to include one or multiple UE-specific ID into one LPWUS resource even though more RAN1 input is needed.  
But to our understanding, besides the method of putting UE-specific ID into LPWUS content, there is another method can be considered. That is the enhancement of Random Access. For example, even if there is false alarm issue due to LPWUS indication, the UE could (explicitly/implicitly) carry some indication during RA procedure to let network be aware of this UE is intended to respond LPWUS reception. If this is a false alarm of RRC connection setup/resume, network could reject this UE. However there is one drawback that due to false alarm issue, more UEs could initiate RA at the same time, but it depends on how many UEs can be indicated by one LPWUS resource, and details can be FFS.
Proposal 4: For the solution of UE directly initiate random access, RAN2 to consider another solution that the UE could (explicitly/implicitly) carry indication for LPWUS response during RA procedure to let network figure out whether there is false alarm issue or not.
One more issue is that whether to use any PO immediately after receiving LPWUS. To our understanding the scope of introducing LPWUS mechanism is to compare with eDRX. In eDRX, it is admitted that power consumption could be dramatically reduced, but with the cost of latency. Here the intention of using LPWUS is just to lower the latency caused by eDRX (without power consumption increased), but not for the “ultra-low” latency case, the mechanism of using any PO seems like over-optimization solution which brings a big impact such as how to define the time point of network sending paging, whether to cause more false alarm issues on other UEs etc. Furthermore, even for legacy RRC_IDLE/INACTIVE UEs they have a latency of 320ms ~ 2560ms to receive paging based on paging cycle, so for LPWUS monitoring UE, plus 400ms of warm up the MR is not a big problem. Therefore it is preferred that not to consider the mechanism of using any PO after receiving LPWUS.
Proposal 5: No need to consider the mechanism of using any PO after receiving LPWUS.
2.3 LPWUS mobility
Based on the recent discussion on RAN1/2, LP-SS is expected to be introduced which can facilitate UE mobility during LPWUS monitoring mode. Such as a mobility capable UE can be aware of whether it is still in the coverage of LPWUS monitoring. But there is still another discussion on whether MR can still be used for a RRM relaxed measurement on SSB. To our understanding, it depends on how we use LP-SS, for example, if LR is simple and LP-SS is only evaluated for serving cell, in this case, maybe neighbour cell can be measured by MR in a relaxed measurement mode. So that LPWUS capable UE is able to support cell reselection to provide a better performance of LPWUS monitoring (i.e., not only to restrict to one single cell). But if LP-SS can be used for neighbour cell measurement, maybe the MR measurement is useless then, as MR is not preferred to turn on frequently. 
Proposal 6: If LP-SS can be used for serving cell and neighbour cell measurement, measurement on SSB by MR is not needed during LPWUS monitoring mode.
Proposal 7: If LP-SS can only be used for serving cell measurement, RAN2 to consider how to coordinate the serving cell measurements on LP-SS by LR and neighbour cell measurements on SSB by MR, e.g., received strength sensitivity, measurement ratio.
Another issue is that how to support TA/RNA update during LPWUS monitoring mode. Regarding TAU/RNAU, in legacy the UE need to match the TAC broadcasted by the camped cell with the TAI list within registration area provided by NAS signalling for TAU. And the UE need to match the camped cell identity with the RNA info provided by RRCRelease. To our understanding, it is not preferred to include all related information such as TAC, Cell idenity, PLMN into LPWUS content due to low capacity. If LPWUS monitoring UE performs cell reselection, it had better to check the system information before monitoring LPWUS in the new selected cell, such one-shot SIB checking is not a big problem compared to putting all information related to TAU/RNAU into LPWUS content.
It is also noted that checking SIB every time when the cell reselection occurs is not only beneficial for TAU/RNAU, but also for other essential procedure or future-proof.
Proposal 8: RAN2 to consider when the LPWUS monitoring UE change the camped cell, the UE shall read system information at least for TAU/RNAU.
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 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 LPWUS service to UE, of which details can be FFS.
Proposal 9: RAN2 to consider optimizing the cell reselection to let UE reselect one cell who can support LPWUS feature as much as possible. . 
2.4 LPWUS subgrouping
In this section, the gain of LPWUS subgrouping is confirmed by RAN2 and majority consider taking PEI subgrouping mechanism as baseline for LPWUS subgrouping design. More details is that how many groups of LPWUS we can have, and what exact LPWUS resource is, e.g., time/frequency resource division or bitmap based on sequence design. This is all around RAN1 input. From RAN2 perspective, the main job from us is to design subgrouping formula providing a group index to UE for LPWUS subgrouping monitoring. And how to map one LPWUS to PEI/paging can still be discussed in RAN2 more or less. But honestly it is preferred to wait for more RAN1 input before we consider the detail design of LPWUS subgrouping.
Proposal 10: RAN2 to design specific formula providing a group index to UE for LPWUS subgrouping monitoring based on more RAN1 input such as LPWUS group capacity, mapping relationship between LPWUS and PEI/Paging.
2.5 Early information in LPWUS
There was a discussion on whether to include short message and other early information into LPWUS content for better performance on latency. To our understanding, the LPWUS is introduced to compare with e-DRX, but it is noted that one e-DRX operating UE would face more serious latency when it comes to short message reception. By means of LPWUS, not only power saving is achieved but also latency is improved (i.e., lower latency than e-DRX), so that LPWUS monitoring UE only need 400 ms or more considering paging reception for short message. Therefore, there is no big problem for UE to monitor LPWUS but receive short message from paging DCI. There is another important reason not going for this way is that more and more contents added into LPWUS content could increase the complexity of LPWUS design which is not preferred. Also it is noted that for PEI mechanism, there is no short message introduced in PEI content, but we are also fine to FFS whether there should be one common bit in LPWUS content as like Rel-16 WUS.
Proposal 11: Not introduce specific content within short message into LPWUS content.
3 Conclusions
Proposal 1: In addition to the serving cell quality, mobility state can be also included for entry/exit condition of using LPWUS.
Proposal 2: For network indication to trigger RRC_IDLE/INACTIVE UE entering LPWUS monitoring mode, the following solutions can be considered:
· Use paging message to notify UE of entering LPWUS monitoring mode
· Design a new control channel to notify UE of entering LPWUS monitoring mode
Proposal 3: LPWUS and PEI can be used in combination, i.e. UE firstly monitors LPWUS and if it is detected, monitors PEI. 
Proposal 3a: Combination of LPWUS and PEI should be limited to a certain cases only, e.g. subgrouping of LPWUS and PEI have different granularity level. 
Proposal 4: For the solution of UE directly initiate random access, RAN2 to consider another solution that the UE could (explicitly/implicitly) carry indication for LPWUS response during RA procedure to let network figure out whether there is false alarm issue or not.
Proposal 5: No need to consider the mechanism of using any PO after receiving LPWUS.
Proposal 6: If LP-SS can be used for serving cell and neighbour cell measurement, measurement on SSB by MR is not needed during LPWUS monitoring mode.
Proposal 7: If LP-SS can only be used for serving cell measurement, RAN2 to consider how to coordinate the serving cell measurements on LP-SS by LR and neighbour cell measurements on SSB by MR, e.g., received strength sensitivity, measurement ratio.
Proposal 8: RAN2 to consider when the LPWUS monitoring UE change the camped cell, the UE shall read system information at least for TAU/RNAU.
Proposal 9: RAN2 to consider optimizing the cell reselection to let UE reselect one cell who can support LPWUS feature as much as possible. . 
Proposal 10: RAN2 to design specific formula providing a group index to UE for LPWUS subgrouping monitoring based on more RAN1 input such as LPWUS group capacity, mapping relationship between LPWUS and PEI/Paging.
[bookmark: _GoBack]Proposal 11: Not introduce specific content within short message into LPWUS content.
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