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Introduction 
In this paper, we first discuss enhancements of using low-power wakeup signal (LP-WUS) for paging monitoring. We then discuss enhancements of using low-power receiver (LPR) to offload RRM measurements. 
Discussion
paging monitoring using LP-WUS
Type of indications in LP-WUS
One of the open issues is whether UE can directly perform RACH or first monitor PEI or paging DCI after it is waken up by LP-WUS. The same issue was discussed when R17 PEI was introduced. We think much of the arguments and conclusion are still relevant and can be applied to LP-WUS too. 
First, in order to enable UE to directly perform RACH, the design of LP-WUS needs to meet the following criteria:
· The coverage of LP-WUS should match at least the coverage of RACH (e.g. MsgA/3 PUSCH). Given the much lower sensitivity of LP-WUR, this requirement can be achieved only if LP-WUS employs high level of redundancy in its transmission. That is expensive in spectrum utilization. 
· LP-WUS needs to include paging record. Since the payload of LP-WUS has very limited size, this means each LP-WUS has to be either UE-specific or supports only a very small number of UEs. In both cases, network needs to configure many LP-WUS transmission occasions. Again, that would require allocation of more radio resources. 
Second, LP-WUS has lower reliability than PDCCH and thus is more likely to be missed by UE. Hence if LP-WUS supports direct RACH, paging miss is more likely to happen, and that can cause higher false alert rate across the network. On the other hand, if direct RACH is not applied, UE can always fallback to legacy paging reception if it misses LP-WUS. This fallback ensures good reliability for paging reception, even if LP-WUS has lower reliability. 
Observation 1.	UE is more likely to miss a page and more radio resources are required if UE is allowed to perform RACH directly after being awakened up by LP-WUS.
Based on the above analysis, we thus propose that
Proposal 1. 	RACH directly triggered by wakeup indication in LP-WUS is not supported. 
Another open issue is whether LP-WUS can include short message notification (i.e. SI update or ETWS/CMAS notification). In our view, the same principle for R17 PEI can be applied to LP-WUS too, which is not to include short messages in wakeup indication. 
The rationale is that if there is short message notification, network can use LP-WUS to first wake up UE’s main radio. UE then acquires short message from paging DCI. It increases the reliability of reception of short message, because if UE misses a wakeup indication, UE can still acquire it from paging DCI. 
Proposal 2.  	Short message (i.e. SI update and ETWS/CMAS notification) is not included in LP-WUS (same as PEI).
Using LP-WUS and PEI together
One of the agreed options for UE behavior after wakeup by LP-WUS is that UE monitors PEI. We think it is indeed a good option to use LP-WUS in conjunction with PEI in certain use cases. For example, if LP-WUS does not contain or contain very limited subgrouping information, then PEI can be used to reduce the false paging alert. Another example is that if LP-WUS has limited or shorter coverage than PDCCH, then PEI can be used as a fallback for LP-WUS.
In a cell, both PEI and LP-WUS may be configured. However, paging notification may or may not be sent on both signals. For example, network may choose to configure PEI only for legacy UEs to use. Therefore, if both types of signals are configured in a cell, a UE capable of supporting LP-WUS needs to know whether its wakeup indication is sent on only one of them or both of them. 
Proposal 3. 	If both LP-WUS and PEI are configured in a cell, wakeup indication for UEs capable of supporting LP-WUS can be transmitted by either both of them or only one of them. Which signal(s) UE can use is indicated by network.
Due to the limited size of payload, LP-WUS may be able to support only a very limited number of subgroups. It is thus importance to study enhancements that can help keep false paging alerts low. 
One option is to use LP-WUS together with PEI, since PEI can support more subgroups. More specifically, UE can first use LPR to monitor LP-WUS. If wakeup indication is received, UE then wakes up its main radio to monitor PEI. Subgroups in PEI can further reduce the percentage of UE should proceed to receive paging DCI. 
If network does not prefer to configure both LP-WUS and PEI in a serving cell, then another option worthy study is to limit the number of UEs that may use LP-WUS. More specifically, network (e.g. core network) can configure a UE whether it may use LP-WUS based on, say, whether UE is extra power sensitive or has very low paging probabilities. 
Proposal 4. 	If the payload of LP-WUS can support only limited number of subgroups, study the following options:
· UE monitors LP-WUS and PEI in tandem to reduce false paging alerts; 
· Network may limit the use of LP-WUS to only selected types of UEs.
Subgrouping
Subgrouping can help reduce false paging alert. Hence it is desirable for LP-WUS to include subgrouping too, if its feasibility can be confirmed by RAN1. If so, then an issue to study is which network entity assigns the subgroup IDs in LP-WUS. We think they can be either assigned by core network or generated based on UE_ID, just like subgrouping for PEI. Since the use cases and upper-layer procedures for these two types of signals are almost the same, we think those two options can be supported for LP-WUS as well. 
Proposal 5. 	If subgrouping for LP-WUS is supported, a UE’s subgroup ID can be either assigned by core network or generated based on UE_ID (same as for PEI).
We first study the case where LP-WUS and PEI use the same type of subgroup IDs, i.e. either both are assigned by CN or both are generated based on UE_ID. One may assume that in typical configurations LP-WUS includes less number of subgroups than PEI. Therefore,
· If both types of subgroup IDs are assigned by CN, then each subgroup in LP-WUS can fully contain several subgroups in PEI. Hence no additional UEs are waken up by PEI than the set of UEs waken up by LP-WUS. 
· If both types of subgroups are generated by UE_ID, then it is possible to design the hashing function for UE_ID such that each subgroup in LP-WUS can fully contain several subgroups in PEI. Then again, no additional UEs are waken up by PEI than the set of UEs waken up by LP-WUS. 
Now suppose subgroups in LP-WUS and PEI are of different types, e.g. subgroups in LP-WUs are assigned by CN and those in PEI are generated based on UE_ID. Then it is not difficult to see that the set of UEs in a subgroup in LP-WUS can be very different from those in a subgroup in PEI. What this difference means is that it can increase false paging alerts. That is not desirable.
Observation 2.	If LP-WUS and PEI are used together but they have different types of subgroups, the set of UEs in a LP-WUS subgroup can be different from those in a PEI subgroup. This difference can increase false paging alerts.
[bookmark: _Hlk146724743]For this reason, we think it is better for network to ensure that the same type of subgroups are used in LP-WUS and PEI. This may require some coordination in CN and RAN. But the details can be studied in the WI phase.
Proposal 6. 	If LP-WUS and PEI are used together, network should configure them with the same type of subgroups. FFS how network ensures that. 
Coverage
One of the options for the coverage of LP-WUS that has been discussed by RAN1 is to match the coverage of Msg3 in RACH. In that case, LP-WUS will have shorter coverage than PEI or paging channel. For a UE with mobility, this means that UE may have to switch between LP-WUS and legacy paging indications (i.e. PEI or paging DCI) as it traverses across a cell. 
For UEs in idle mode, it is desirable for UEs to avoid exchanging messages with network as much as possible. Otherwise, the power consumed by those exchanges may neutralize the power saved by the use of LP-WUS. One simple solution, at least from UE’s perspective, is to have network send wakeup indication by both LP-WUS and legacy signal (PEI or paging DCI). If that is not preferred by network (e.g. due to extra resource utilization) and wakeup indication can be sent on only one of them, then signaling between network and UE must be minimalized. That is possible only if UE does not need to switch between two types of signals frequently, e.g. it has low mobility. Therefore, a UE is allowed to use LP-WUS only if it meets stationary or low mobility requirements configured by network.
Proposal 7. 	If LP-WUS has a smaller coverage than PDCCH, study and down select between the following options to minimize signaling between UE and network: 
· wakeup indication is always sent in both LP-WUS and legacy signaling (either PEI or paging DCI); 
· entry and exit condition for using LP-WUS also includes stationarity or low mobility criteria.
RRM offloading
RAN1 have agreed that serving cell measurements can be offloaded to LPR based on LP-SS. Hence there can be two types of operations performed by LPR: paging monitoring and RRM offloading. When UE may start or stop using LPR for either of these two operations may depend on the signal strength of UE’s DL reference signal, which can be either LP-SS or SSB. In theory, for the same level of reliability, RRM measurements may require lower minimum signal strength than LP-WUS reception. However, since their entry/exit criteria use the same DL reference signals, it will be simpler for UE to implement if they share the same entry/exit criteria. This simplification would not have much impact on power savings, because if UE starts using LPR for RRM offloading but still uses MR to perform paging monitoring, then UE’s power would still be dominated by MR (because paging monitoring is more frequent than RRM measurement) and thus may not attain much signification savings.  
Proposal 8. 	To keep UE implementation simple, the same entry and exit criteria are applied for paging monitoring and serving cell RRM offloading.  
Traditionally, entry and exit conditions are clear cut, e.g. in the context of our study here, either LP-SS or SSB is used for RRM measurement. However, to attain more power savings, we think it is possible to have a region where the signal strength of LP-SS is no longer strong enough to allow RRM measurements completely based on LP-SS but is still good enough to be used as part of serving cell measurement. This would give UE more opportunities to save power. For example, LP-SS based measurements may be interleaved with SSB based measurements, and the latter is performed once every N LP-SS based measurements. In this example, UE can still use LP-SS to save some power, and SSB measurements can be used to help calibrate the accuracy of the measurements on LP-SS and give UE a more reliable assessment when to stop using LP-SS for serving cell measurements.
Proposal 9.	To have more power saving opportunities, UE can also perform serving cell measurements by interleaving measurements on LP-SS and SSB. FFS entry and exit criteria for this use case. 
In addition to serving cell measurements, RAN1 have also studied the feasibility of using LP-SS for neighbor cell measurements. If that is supported, then it is possible that UE may have a mixture of LP-SS based measurements and SSB-based measurements. That is because some neighbor cells may not support LPR. Or signals from some other neighbor cells are not strong enough for UE to measure them using LPR.  
Since UE needs to compare signal strength of neighbor cells and serving cell during cell reselection, it needs to be studied how UE may use two different types of RRM measurements to perform cell ranking.  
From RAN2’s perspective, it is desirable to have some kind of “mapping” which converts RRM measurements from LPR to the scale of legacy RRM measurements. Such a mapping could be either an offset predefined in the specs or a semi-static parameter that can be periodically calibrated based on measurements. If such a mapping is feasible (it needs to be studied and confirmed by RAN1/4), it then would enable reliable comparison between measurements from LPR and main radio. More importantly, the use of LPR for RRM measurements will not have much impact on the legacy cell reselection frameworks (e.g. thresholds, parameters, procedures), i.e. most of the parameters/threshold can be reused as is and does not require awareness of the underlying measurement mechanisms.
Proposal 10.	Request RAN1/4 to study the feasibility of normalizing LP-SS based measurements to the scale of SSB-based measurements, so that they can be used in a consistent manner with minimal impact on the legacy cell reselection procedure.
Conclusion
Based on the above analysis, we’d kindly request RAN2 to discuss and agree to the following proposals:
Observation 1.	UE is more likely to miss a page and more radio resources are required if UE is allowed to perform RACH directly after being awakened up by LP-WUS.
Proposal 1. 	RACH directly triggered by wakeup indication in LP-WUS is not supported.
Proposal 2.  	Short message (i.e. SI update and ETWS/CMAS notification) is not included in LP-WUS (same as PEI).
Proposal 3. 	If both LP-WUS and PEI are configured in a cell, wakeup indication for UEs capable of supporting LP-WUS can be transmitted by either both of them or only one of them. Which signal(s) UE can use is indicated by network.
Proposal 4. 	If the payload of LP-WUS can support only limited number of subgroups, study the following options:
· UE monitors LP-WUS and PEI in tandem to reduce false paging alerts; 
· Network may limit the use of LP-WUS to only selected type of UEs.
Proposal 5. 	If subgrouping for LP-WUS is supported, a UE’s subgroup ID can be either assigned by core network or generated based on UE_ID (same as for PEI).
Observation 2.	If LP-WUS and PEI are used together but they have different types of subgroups, the set of UEs in a LP-WUS subgroup can be different from those in a PEI subgroup. This difference can increase false paging alerts.
Proposal 6. 	If LP-WUS and PEI are used together, network should configure them with the same type of subgroups. FFS how network ensures that. 
Proposal 7. 	If LP-WUS has a smaller coverage than PDCCH, study and down select between the following options to minimize signaling between UE and network: 
· wakeup indication is always sent in both LP-WUS and legacy signaling (either PEI or paging DCI); 
· entry and exit condition for using LP-WUS also includes stationarity or low mobility criteria.
Proposal 8. 	To keep UE implementation simple, the same entry and exit criteria are applied for paging monitoring and serving cell RRM offloading.  
Proposal 9.	To have more power saving opportunities, UE can also perform serving cell measurements by interleaving measurements on LP-SS and SSB. FFS entry and exit criteria for this use case. 
Proposal 10.	Request RAN1/4 to study the feasibility of normalizing LP-SS based measurements to the scale of SSB-based measurements, so that they can be used in a consistent manner with minimal impact on the legacy cell reselection procedure.
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