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The one of the WID objectives is 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.
From RAN2 perspective, the procedure and configuration of LP-WUS monitoring, e.g., entry/exit condition, subgrouping and UE behavior on LP-WUS monitoring, etc. should be specified, since this is the first meeting for RAN2 to discuss the WID, we generally analyze the different aspects from RAN2 point of view.
2 Discussion
2.1 Configuration
In TR 38.869, some alternatives are identified for activation/deactivation of LP-WUS monitoring:
Alt 1a: activation and/or deactivation of LP-WUS monitoring is up to UE implementation.
Alt 1b: activation and/or deactivation of LP-WUS monitoring is based on preconfigured criteria.
Alt 2: activation and/or deactivation of LP-WUS monitoring is based on signalling.
To begin with Alt 1a and 1b, the general concern of activation/deactivation of LP-WUS monitoring is basically from the LP-WUS monitoring performance, as long as the UE is able to decode LP-WUS successfully, LP-WUS monitoring should be applied for power saving reason, otherwise, LP-WUS monitoring should be deactivated. Regarding this, the signal quality is a key metric to determine whether the UE should monitor LP-WUS or not. To our understanding, implementation based solution is too vague as this is an essential issue in terms of LP-WUS functionality. Thus it is better that network could provide a reference regarding signal quality of LP-WUS monitoring, i.e., entry/exit condition of LP-WUS monitoring which is extensively discussed in study item phase. However there may be a further discussion that whether exceptional case should be considered on top of entry/exit condition. For example, even though the entry condition (which may be unified and broadcasted for all UEs) is fulfilled for a UE, but due to low level capability receiver of this UE, the UE still cannot decode LP-WUS successfully, then there is no need for such UEs entering LP-WUS monitoring mode. Another example is that if a UE is staying around the border between entry and exit, frequent transition between MR and LR could happen (if no offset/TTT mechanism considered), thus unnecessary transition power consumption occurs, in this case the UE should not strictly follow the entry/exit condition. Regarding this, although specific entry/exit condition is needed as a signal quality reference, it is suggested to further study whether some exceptional cases are needed on top of the condition. But one more thing is that exceptional case may be only applicable to entry condition, as there could be a risk if the UE fulfils exit condition but not exit from LP-WUS monitoring mode, which could cause that no any signal will be received during such a “fake” LP-WUS monitoring mode. 
One more thing is that for details about the condition, e.g., different thresholds for MR/LR, for LP-SS/SSS, can be further studied once preconfigured criteria solution is agreed. 
Proposal 1: specify pre-configured criteria for entry/exit condition of LP-WUS monitoring based on signal quality, FFS if any exceptional case for entry condition, e.g., even if the entry condition is fulfilled, the UE does not have to enter LP-WUS monitoring mode.  
Another solution is dedicated RRC signalling to carry information of LP-WUS. Even though the system information is a promising solution to provide LP-WUS configuration including entry/exit condition, regarding the issue mentioned above (i.e., whether a unified entry/exit condition is suitable for all UEs in one cell considering different receiver capability), a UE specified entry/exit condition of LP-WUS monitoring can also be considered by carried in dedicated RRC signalling, here, since this is intended for RRC_IDLE/INACTIVE UE, RRCRelease is more promising. Furthermore, it can provide more flexibility for network control, e.g., one-shot transition, which means the network could send the UE into LP-WUS monitoring mode directly or after a while based on some condition, and then the UE further proceed activation/deactivation of LP-WUS monitoring based on entry/exit condition or other.
Proposal 2: support dedicated signalling (i.e., RRCRelease) to notify UE of entering LP-WUS monitoring mode, FFS details.
2.2 Behaviours on LP-WUS monitoring
One issue is that does UE need to monitor PEI after LP-WUS detection, in last meeting, RAN1 has made an agreement that monitoring LP-WUS or PEI is up to UE implementation. To our understanding, we RAN2 should also consider this UE monitoring behaviour on LP-WUS and/or PEI. According to TS 38.304, the current PEI spec is to say, if the UE support PEI feature and the network is providing PEI configuration via system information, the UE MAY monitor PEI. And the network who is providing PEI configuration determine whether to send PEI to UE based on UE reported capability. Therefore we can see that whether UE to monitor PEI is somehow a kind of UE implementation. In some situation, the UE monitoring both LP-WUS and PEI is beneficial, due to “double filter” by subgrouping from LP-WUS and PEI, the false alarm paging could be alleviated, thus there is no need to strictly prevent UE from monitoring both signalling. But instead of saying that it is up to UE implementation to monitor both, it is better to say it is up to UE configuration and LP-WUS/PEI configuration is independent, which means the UE just follow the configurations, for example, if once LP-WUS is detected for one UE, whether this UE monitor PEI can just follow the legacy PEI configuration/behaviour. It is noted that this does not violate RAN1 agreement as we use MAY for PEI monitoring behaviour.
Proposal 3: RAN2 to confirm that LP-WUS and PEI can be configured simultaneously.
Proposal 3a: when both LP-WUS and PEI are configured, those configurations are independent, i.e., whether the UE monitor either or both of LP-WUS and PEI is up to UE implementation.
Regarding the relationship between LP-WUS occasion and PEI-O/PO, RAN1 is hotly discussing whether a PEI-like solution is adopted or not, i.e., by offset to explicitly associate LP-WUS occasion with PEI-O/PO. Here we still can give our view from RAN2 perspective, if PEI-like solution is adopted, it means the periodicity of LP-WUS is same as that of PEI-O/PO, and the periodicity could be 1.28s, 2.56s based on paging cycle, as we know that the LR is a low power consumption device, the periodicity of LP-WUS could be much denser than that of PEI-O/PO for better latency performance, i.e., the periodicity of LP-WUS occasion could be different/independent from paging cycle. In fact such 1.28s of periodicity seems not suitable for LP-WUS monitoring, the UE could monitor LP-WUS in a denser way and once LP-WUS is detected, the UE warm up MR and find the closet paging cycle as it can to monitor PEI-O/PO, even dynamic PO can also be considered. In fact, independent periodicity can also achieve the same function as explicit association way, i.e., configure the same periodicity, which is more flexible. There is still a concern that if periodicity of LP-WUS is much denser, how the whole LP-WUS occasions in time domain is associated with all POs in one paging cycle, regarding this, since LR is a new separate receiver, the UE is not required to monitor other time domain resource but only to monitor LP-WUS occasion in LR, i.e., parallel monitoring resource from MR, thus there is no big issue from system perspective to allocate LP-WUS occasions to be associated with each PO (i.e., each group of UE) in one paging cycle. And the details of allocation could be further studied by either RAN1 or RAN2.
Proposal 4: explicit association (e.g., offset) between LP-WUS occasion and PEI-O/PO is not needed, i.e., the periodicity of LP-WUS occasion could be different/independent from paging cycle.
In study item phase, dynamic PO is discussed, that is once the LP-WUS is detected, if currently there is no the UE corresponding PO available, the UE still need to wait some time until the UE corresponding PO comes which cause latency problem. Therefore, the UE could monitor a dynamic PO right after LP-WUS detection or MR warm-up for better latency performance, it is also noted that it could provide much better latency performance in eDRX case if allowed.


Fig.1 dynamic PO mechanism
As seen from fig.1, there are two types of dynamic POs, the first type is reusing any legacy PO for other UEs which is already allocated from system perspective and calculated based on paging formulation and other UE-ID. The second one is to additionally introduce another PO resource dedicated for each LP-WUS. For latter one (additional PO resource), since PO should be monitored by MR, more additional PO resource corresponding each LP-WUS is not preferred which causes huge impact on MR time domain resource efficiency. Therefore, if dynamic PO is supported, only legacy PO for other UEs can be considered. But still there is some issues needed to be discussed later, for example, whether to align the sending time, i.e., which dynamic PO is used between UE side and NW side, and how to consider false alarm paging issue in dynamic PO, could be FFS.
Proposal 5: if dynamic PO is supported, only the legacy PO for other UEs can be considered, no additional PO resource is introduced.
2.3 Subgrouping
In legacy, UEs in RRC_IDLE/INACTIVE are paged by a group mechanism. And one UE could receive unnecessary paging if this paging message is intended for other UEs that are also allocated in the same paging group, i.e., false alarm paging. And same issue exists in LP-WUS, therefore, subgrouping mechanism can be considered to further reduce false alarm issue by a finer granularity of group. Regarding this, in Rel-17, PEI subgrouping mechanism is extensively analysed and finalize two methods of subgrouping, i.e., CN-assigned and UE-ID-based. Here we may take PEI subgrouping as a baseline to further discuss how to achieve subgrouping for LP-WUS.
But one more issue is that do we need to differentiate subgrouping granularity between LP-WUS and PEI? For example, there is still possibility that the UE could monitor both LP-WUS and PEI for double filter false alarm paging. But if same subgrouping capacity and same subgroup ID is assigned for both LP-WUS and PEI, or if PEI does not support subgrouping (i.e., subgroupsNumPerPO = 1), there is no need for UE to monitor both LP-WUS and PEI then.
Proposal 6: both CN-based and UE-ID-based subgrouping methods can be considered as baseline for LP-WUS subgrouping.
Proposal 7: RAN2 is suggested to consider whether different subgrouping granularity is needed if the UE choose to monitor both LP-WUS and PEI.
2.4 Other
As for whether to include short message and other early information into LP-WUS content for better performance on notification latency. To our understanding, the LP-WUS 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 LP-WUS, not only power saving is achieved but also latency is improved (i.e., at least lower latency than e-DRX), that is to say LP-WUS monitoring UE only need 400/800 ms or a little 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 could increase the complexity of LP-WUS design and impact capacity of LP-WUS, 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 could be only one common bit in LPWUS content as like Rel-16 WUS, i.e., once common bit is set in LP-WUS, all UEs should wake up no matter what common information it is.
Proposal 8: RAN2 to assume only one bit indication is necessary for common notification (e.g., for all SI update, PWS) in LP-WUS content (if needed), i.e., not every specific common notification is needed.
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 again in the new selected cell, such one-shot SIB checking is not a big problem (i.e., one transition consumption) 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 9: when the LP-WUS monitoring UE change the cell, the UE shall read SIB1 at least for TAU/RNAU reason and other system information (if needed), which requires the UE warm up its MR, and the UE fall back to LP-WUS monitoring mode again once finish reading.
3 Conclusions
Proposal 1: specify pre-configured criteria for entry/exit condition of LP-WUS monitoring based on signal quality, FFS if any exceptional case for entry condition, e.g., even if the entry condition is fulfilled, the UE does not have to enter LP-WUS monitoring mode.  
Proposal 2: support dedicated signalling (i.e., RRCRelease) to notify UE of entering LP-WUS monitoring mode, FFS details.
Proposal 3: RAN2 to confirm that LP-WUS and PEI can be configured simultaneously.
Proposal 3a: when both LP-WUS and PEI are configured, those configurations are independent, i.e., whether the UE monitor either or both of LP-WUS and PEI is up to UE implementation.
Proposal 4: explicit association (e.g., offset) between LP-WUS occasion and PEI-O/PO is not needed, i.e., the periodicity of LP-WUS occasion could be different/independent from paging cycle.
Proposal 5: if dynamic PO is supported, only the legacy PO for other UEs can be considered, no additional PO resource is introduced.
Proposal 6: both CN-based and UE-ID-based subgrouping methods can be considered as baseline for LP-WUS subgrouping.
Proposal 7: RAN2 is suggested to consider whether different subgrouping granularity is needed if the UE choose to monitor both LP-WUS and PEI.
Proposal 8: RAN2 to assume only one bit indication is necessary for common notification (e.g., for all SI update, PWS) in LP-WUS content (if needed), i.e., not every specific common notification is needed.
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