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Introduction
In this contribution we address the paging related area outlined in the WID, including our views on PEI design. 
“ a) Study and specify paging enhancement(s) to reduce unnecessary UE paging receptions, subject to no impact to legacy UEs [RAN2, RAN1] ”

Discussion 
In this paper, 3GPP TR 38.840 [1] is used as the source for UE power consumption model with adjustments agreed in RAN1#102-e (power scaling to 20MHz). Detailed evaluation assumptions for power consumption/link level evaluations are given in Annex A.
Paging early indication (PEI) physical layer design

In RAN1#105-e, following conclusion was made, and here, we discuss several aspects relevant for deciding the physical design of PEI. 
Conclusion:
To down-select one solution for PEI physical-layer channel/signal in RAN1 #106-e, using below as a starting point:
· PDCCH-based PEI
· SSS-based PEI
· TRS/CSI-RS-based PEI
Note: Additional details for each of the above 3 solutions are encouraged for more informed down-selection
Note: further refinement of the above list is possible, e.g., by merging/further splitting, depending on significance of the commonality and/or differences

One important aspect for signal design is the amount of information that PEI is supposed to carry, and for this RAN1 made below agreement. 
Agreement:
For UE subgroups indication in physical layer, maximum of 8 subgroups per PO is supported.
These sub-groups would be assigned to the UEs by the NW either randomly or based on UE individual characteristics, such as, UE type (e.g., RedCap, eMBB), UE mobility patterns, paging probability, etc. When more than one sub-group is to be paged in a PO simultaneously, we think it is important to be able to page UEs of these sub-groups efficiently with minimized false paging risk for the other sub-groups. Limiting the bits addressing sub-groups in PEI too aggressively will lead to invocation of UEs of all sub-groups too often. Furthermore, especially for deployments with high paging rates, one-to-many PEI-PO configurations become a necessary tool for the NW to avoid excessive resource waste on PEI transmissions. We think a one-to-many PEI configuration should at least be able to address four POs, each addressing at least 8 sub-groups, so potentially up to 32 bits in the DCI (or so). As result, we could easily see that more than 10 bits would be needed in PEI to address sub-groups efficiently, e.g. 2 bits for pointing out the addressed PO(s), and 8 bits for the sub-groups within the PO. The meaning of these bits shall be configurable and assigned per deployment.
1. [bookmark: _Toc79164979]In deployments of high paging rate, in order to avoid excessive false paging during simultaneous paging of more than one sub-group, PEI supports addressing individual sub-group invocation (i.e. 8 bits, one per each of 8 subgroups in a PO). 
1. [bookmark: _Toc79164980]In deployments of high paging rate, where one-to-many PEI configuration is a necessary tool for the NW for avoiding excessive resource waste, PEI supports addressing sub-groups of at least up to 4 POs (i.e. in addition to the 8 bits used for sub-groups).
1. [bookmark: _Toc79164981]In order to not waste bits unnecessarily in deployments where low paging rate is expected (few sub-groups/one-to-one configured), the sub-group/PO addressing bits shall be configurable (both number of bits and their meaning).
Furthermore, other types of information (e.g. TRS availability, SI Update, and ETWS/CMAS indication) have also been discussed. Based on below working assumption, L1 based signalling for the availability of TRS/CSI-RS is supported via PDCCH-based PEI if PDCCH-based PEI is down-selected. 
Different PEI signal types offer different levels of support for the payload. Conveying such payload through sequence-based (SSS/TRS/CSI-RS based) PEI implies multiple orthogonal sequences or transmission resources, at least one per group. Furthermore, depending on how much other information PEI is supposed to carry and the combinations that arise from optionality of information elements carried, the number of required sequences can grow exponentially. This means that a UE, even if it only belongs to a single group, needs to search for multiple sequences for its group where different sequences carry different combinations of the information elements.
[bookmark: _Toc61880234]In case of a sequence-based PEI, even though some of the information in PEI may be common to all the UEs listening to PEI (e.g., SI/ETWS/CMAS update), the same information either has to be repeated by the NW for all groups using each group’s sequence, or additional common sequences need to be designed and transmitted. As a result, in addition to increased complexity for the UEs, this comes at an extra transmission cost for the NW, especially if multiple groups are to be reached through PEI at the same time. 
For sequence-based approaches, the complexity in configuring and assigning different sequences to different UEs/groups may be considerable. Optionally the sequences can be designed and specified beforehand, but this leads to quite a rigid solution with extensive standardisation efforts each time new information elements are considered. 
A PEI design should be flexible enough to carry at least the following information (and rigid designs that preclude multiplexing of other information should be avoided) – a) support addressing at least 8 sub-groups per PO, b) support one PEI-to-many PO mapping. Based on WA from RAN1#105-e, the PDCCH-based PEI allows the possibility to also carry TRS availability indication.  
If a DCI-based design is used for PEI, compared to the sequence-based counterpart, it:
· readily supports link adaptation with flexible payload size support and resource usage,
· is easy to support and configure multiple contents, 
· has lower standardization effort (e.g. reuse existing WUS and PDCCH framework, including the ps-Wakeup functionality to support both BehvA and BehvB functionalities (agreed in RAN1#104-e meeting)),
· has less impact on UE and the NW both in terms of power, complexity, and consumed resources when multiple groups are addressed simultaneously and/or including various information elements,
· has minimum impact on other ongoing/legacy user data traffic as PDCCH is easily multiplexed and/or rate-matched around (discussed further below),
· can readily support flexible one PEI-to-many PO mapping
· is possible to extend in the future. 
1. [bookmark: _Toc79164968]A DCI-based PEI, compared to the sequence-based, can conveniently carry more information, is future extendable, brings configurable contents, has lower standardization effort.
1. [bookmark: _Toc79164969]A DCI-based PEI, compared to the sequence-based, has less impact on UE and the NW both in terms of power, complexity, and consumed resources when multiple groups are addressed simultaneously and/or including various information elements.
[bookmark: _Toc61816690]In multi-beam deployments, PEI needs to be provided/swept by the NW in multiple occasions such as spatial configurations corresponding (QCL) to transmitted SSBs or alike. It is therefore important that the resources consumed per swept occasion are kept as low as possible. In comparison to PDCCH based PEI, which can be provided over a single symbol per occasion (i.e. narrower in time), a TRS based PEI consumes multiple symbols per occasion; 4 symbols sparsely positioned over 2 slots in FR1 or 2 symbols sparsely positioned in one slot in FR2. This is not only system resource consuming but also NW/UE power consuming as the transmission/reception is spread over multiple symbols.
1. [bookmark: _Toc79164970]In multi-beam deployments for which PEI needs to be swept in multiple occasions, a single symbol PDCCH based PEI is more efficient both in terms of UE/NW power consumption and system resource utilization than multi-symbol TRS/SSS based PEI.
In WID “Objectives for Rel-17 UE Power Saving Enhancement” (RP-200938 RAN-#88e), it is stated that the enhancements should have no impact on legacy UEs. In our view, the effect of sequence-based signal on legacy UEs needs careful attention. For example, if a CSI-RS/TRS based PEI is introduced, it will have impact on other UEs’ user data traffic. Compared to DCI-based PEI that can be limited to Coreset#0 and easily rate-matched around, these sequences/signals typically cover the whole cell/initial BWP BW and would conflict with the resource element used to schedule traffic for other UEs (as discussed further below). 
Firstly, the following agreement was made in RAN1#102e. Thus, for example, if TRS is to be used (e.g. in FR1), then it means existing pattern (4 symbols in two slots). The same principle of not introducing new types/patterns should also apply to SSS based design. 
RAN2#102e agreement: “New types/patterns of TRS/CSI-RS are not introduced specifically for idle/inactive mode UE”.
RAN1 made below observation in RAN1#104b-e. 
Agreement:
Observation 1a:
For the evaluation and comparison of PEI candidate designs, the following observations for coexistence with legacy PDSCH are identified:
1. For coexistence with legacy PDSCH, semi-static resouce sharing by configuring RB-symbol-level or RE-level rate-matching patterns covering PEI REs is supported for all PEI candidate designs.
1. For coexistence with legacy PDSCH, dynamic resource sharing can be realized for all PEI candidates if PDSCH is scheduled by DCI format 1_1
1. For PDCCH based PEI, CORESET-level rate matching can be realized for the PDSCH as per mandatory capability  
1. For SSS-based PEI, CORESET-level rate matching may be realized for the PDSCH as per mandatory capability, depending on the design of SSS-based PEI and UE capability regarding number of supported CORESETs  
1. For TRS/CSI-RS based PEI, RE-level rate matching can be realized for the PDSCH as per mandatory capability
1. When PDSCH is not scheduled by DCI format 1_1, it is up to gNB implementation whether and how PEI is transmitted in PDSCH resource

To incorporate sequence-based PEI design based on TRS/SSS, RAN1 would have keep existing signal structures, but 
· Puncture other user traffic
· This would have high traffic/KPI impact (both on legacy and new UEs) especially at higher paging rates and/or if multiple sequences are transmitted addressing multiple groups with multiple information elements.
· Rate-match around TRS/SSS using semi-static resource sharing 
· Locking up resources (semi-)statically for the sake of potential PEI transmission is too wasteful. It shall further be noted that such resources cannot be communicated to UEs in idle/inactive mode and would therefore limit the occasions used for broadcast transmissions. 
· Rate-match around TRS/SSS using dynamic resource sharing 
· For SSS, creating a fake Coreset to make UEs rate-match around it is cumbersome. This is also infeasible in some cases where legacy UEs support limited number of Coresets and both Coresets (with much different characteristics than fake Coreset) are used for regular scheduling. 
· For TRS, when it comes to dynamic resource reservation with RE granularity, only up to 2 bits are available for dynamic indication through DCI in each of those (“Rate matching indicator”/” ZP CSI-RS trigger”). We think that these bits are needed to convey information about reserved resources used for typically higher prioritized usage cases (rate-matching around connected mode TRS/CSI-RS transmissions, neighbor cell signals, etc.). It would hence not be wise to spend these bits on PEI.
· Rate match other user traffic around these sequences/signals  (TRS/SSS)
· This would mean that all UEs in connected mode, including pre-Rel-17, would have to be aware of the resources reserved for potential PEI transmission, which creates unnecessary signaling overhead for both NW and legacy UEs. There would still be negative impact on user traffic when multiple sequences are potentially transmitted, and considerable NW configuration effort would be necessary with respect to reserved resources coupled to paging configuration. 
1. [bookmark: _Toc79164971]Dynamic resource reservation through “Rate matching indicator” in DCI is an optional UE capability and can therefore not be assumed for legacy UEs.
1. [bookmark: _Toc79164972]Reserved (semi-)static resources used for sequenced-based PEI for the sake of potential PEI transmission locks up resources even though no paging occurs. Furthermore, these reserved resources cannot be communicated to UEs in idle/inactive mode and would therefore limit the occasions used for broadcast transmission.
For PDCCH-based PEI design, most of the above issues can be circumvented by multiplexing the PDCCH-based PEI into PDCCH region. RAN1 made below observation in RAN1#105-e. 
Agreement:
Observation:
Dynamically sharing PDCCH resources of Rel-15 UEs (whether or not this is an important aspect to consider for PEI is FFS)
· For PDCCH-based PEI, 
· PEI can dynamically share resources with PDCCH for Rel-15 UEs within a PDCCH CORESET at granularity of one or more candidates 
· Exact number of multiplexed/impacted Rel-15 PDCCH candidates depends on AL used for PDCCH-based PEI and relative size of PDCCH CORESET, etc.
· For SSS-based PEI and for the case of partial overlap of CORESET and PEI
· For interleaved CORESET (such as CORESET#0), SSS-based PEI can dynamically share resources with PDCCH for Rel-15 UEs only at CORESET-level granularity
· For non-interleaved CORESET, SSS-based PEI can dynamically share resources with PDCCH for Rel-15 UEs within a PDCCH CORESET at granularity of one or more candidates
· Exact number of impacted Rel-15 PDCCH candidates depends on relative size and location of PDCCH CORESET, etc.
· For TRS/CSI-RS-based PEI and for the case of partial overlap of CORESET and PEI
· For interleaved CORESET (such as CORESET#0), TRS/CSI-RS-based PEI can dynamically share resources with PDCCH for Rel-15 UEs only at CORESET-level granularity
· For non-interleaved CORESET, TRS/CSI-RS-based can dynamically share resources with PDCCH for Rel-15 UEs within a PDCCH CORESET at candidate level granularity
· Exact number of impacted Rel-15 PDCCH candidates depends on CSI-RS mapping pattern, relative size and location of PDCCH CORESET, etc.)

This shows that PDCCH-PEI can dynamically share resources within a Coreset due to inherent friendly structure, whereas the TRS/SSS-based PEI can only share the resources at Coreset-level granularity for the interleaved Coreset case, which would be more typical for Coreset0. 
Since basic Rel-15/16 UE capability supports Coreset 0 + an extra UE-specific Coreset, there is already a possibility to create an extra Coreset for idle mode UEs. This extra Coreset can be used to configure any narrow or dedicated Coreset for PEI-PDCCH, that may be partially or fully overlapping with Coreset 0, or the Coreset 0 itself can be used for PEI. With a much smaller payload such as 1-bit or 2-bit or larger payload, the DCI-based PEI can offer much more flexibility in UE implementations, including the possibility to use low complexity detection methods. 
1. [bookmark: _Toc79164973]Use of reserved bits in paging DCI (as a PDCCH-PEI) in one PO as paging early indication for UEs in one or more groups in other POs can further reduce PEI signaling overhead.
RAN1#104b-e also made observation related to performance of different PEI candidates. 
We compare the link performance of PEI designs based on PDCCH and TRS. The results are shown in figure 1 for both 4 Rx and 2 Rx cases (detailed simulation assumptions shown in Annex A). The PEI performance is shown assuming frequency error offset of +/- 2kHz (+/- 0.5 ppm). 
[bookmark: _Toc61880240]From resource perspective, for FR1, the TRS is 2-slot long (although the results in Figure 1 are shown for 1 slot TRS) and it would occupy 576 REs, same as PDCCH with AL8. The figure shows that TRS can satisfy the desired miss detection rate performance for small number of groups (1-bit payload as in the figure). As the number of sequences increases with increased payload size, it becomes more suitable to use more T/F resources instead of multiplexing all the payload into a large number of sequences in same T/F resource. The PDCCH-based PEI, on the other hand, can support the desired performance for both small as well as relatively larger number of groups (1-bit, 12-bit) or even larger payload size of PEI with efficient multiplexing in the same resources, and using existing PDCCH processing hardware. The DCI-based solution is fully flexible, has a negligible false alarm rate (due to 24-bit CRC on PDCCH), and is adaptable per deployment and per transmission occasion through possibility to vary the PDCCH aggregation level. 
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[bookmark: _Ref71205846]Figure 1: Performance of various signals/channels (PDCCH/PDSCH/PDCCH-based PEI/TRS-based PEI) with 2 Rx and 4 Rx cases (Simulation assumptions in the Annex).
In RAN1#105-e, RAN1 also agreed to an observation related to UE power savings with different PEI candidates. The observation shows that the power savings potential for the three PEI candidates is roughly similar. This is not surprising since, typically, with a GPR of 10%, a UE group is not paged 90% of the time, and thus, for 90% of the time, the UE processes one SSB (e.g. for loop convergence/serving cell measurement, etc) for all three candidate designs. It is only in the 10% of the time when the UE group is paged, and the UE is operating in low/medium SNR, the UE may be able to skip processing of an additional SSB before receiving the PO (for the TRS/SSS based PEI case). 
Regarding low-power wakeup receiver functionality, the SSS/TRS based PEI may not provide as much low power wakeup receiver functionality as is possible with other sequence-based approaches. Indeed, in Rel-18 workshop, there were proposals from several companies to study wakeup signals that can offer very low power wakeup receivers [6], which could provide significant benefit to use cases (e.g. Redcap evolution) in which idle mode power consumption reduction is key. Enabling a true low power receiver needs detailed study, which fits within scope of the Rel-18 Redcap evolution discussion [7]. 
Based on the analysis above, we believe that DCI-based design is the simpler, flexible, more efficient, and more robust choice for PEI design. 
1. [bookmark: _Toc79164982]Physical layer design for PEI is based on PDCCH DCI.

DCI-based PEI format

DCI based scheme should reuse important principles from connected WUS since they have a similar purpose. Like WUS, PEI would then use a DCI size of minimum 1 bit as the baseline reusing the same coding chain. Having the possibility to transmit a DCI with a single bit allows for PEI decoding via simpler UE receivers, still with high performance as shown in Figure 1. Such single-bit PEI can be used in deployments where no paging sub-grouping is necessary and/or deployments where certain UE types (e.g. RedCap) are of majority. The UE would then detect presence of PEI addressed for it using CRC masked by a specific RNTI. 
The number of bits used for payload of PEI is not yet known, e.g., whether sub-grouping information is carried in PEI and, if so, the number of paging groups used and the need dynamics for various deployments and current paging load. Furthermore, other types of information such as ETWS/SI change notification is being discussed and further information as payload in near future is possible. Therefore, a futureproof and flexible option is to have configurable PEI DCI like WUS DCI, including a flexible multiplexing of information for multiple UEs in a single DCI with a configurable RNTI. 
1. [bookmark: _Toc7813649][bookmark: _Toc79164983]In order to facilitate flexible content in PEI, the number of information bits conveyed by PEI is configurable between 1 and a maximum value PEImax (FFS on PEImax).
1. [bookmark: _Toc7813650][bookmark: _Hlk61081429][bookmark: _Toc79164984]For the PEI DCI, the RNTI used for CRC masking is configured via higher layers.
It shall be noted that introduction of a DCI-based PEI does not impact the currently specified DCI size budgets. According to 3GPP 38.212 (7.3.1), the total number of different DCI sizes configured for a UE to monitor is up to 4 for the cell. As PEI is only intended to be monitored by the UEs in RRC Idle/Inactive states where only DL fallback DCI format DCI 1_0, the maximum size budget is not impacted.
1. [bookmark: _Toc79164974]As PEI is only monitored in RRC Idle/inactive states where only fallback DCI is used, a DCI based PEI does not impact DCI size budget of up to 4 for a cell.
Another aspect to consider with respect to PEI design is the impact it has on the NW and system resources. The NW activity timelines for two cases (legacy case and case with PEI) was studied in  [4] as part of previous meetings. As shown there, compared to the legacy paging, the impact of PEI transmission on the NW is an increase by ~20% in terms of relative power difference where the main contributing factor is additional transitions from and to sleep states. It shall be noted that to maintain flexibility from the NW side, the PEI transmissions cannot be guaranteed to be in conjunction with or adjacent to other transmissions and hence such transitions cannot be avoided.
1. [bookmark: _Toc54381099][bookmark: _Toc79164975]PEI transmissions should not be restricted to be in conjunction/adjacent to other transmission.
It shall be noted that regardless of the average group paging rate assumed, e.g. 10%, throughout the course of day, at certain occasions there may be sudden paging storms leading to extensively higher paging rates than average (e.g., 40-60% paging rate). From the NW perspective it is important that PEI design includes tools that help the NW minimize such negative impact, especially at higher paging rates and when multi-beam deployments are used for which the PEI transmission needs to be swept. One such tool is the possibility for the NW to associate one PEI with multiple POs and/or paging groups. Another such tool would be related to controlling the action (Behv-A or Behv-B) that the UE shall take in presence/absence of PEI. Otherwise without such tools, once PEI is configured, the NW has no other choice than transmitting PEIs in order to guarantee high paging performance. Such doubling of consumed resources (PEI-PDCCH in addition to PO-PDCCH) would lead to unacceptable blockage of other traffic during periods of high paging load. 
In last meeting, two concerns were raised wrt Behv-B – 1) that it needs network to perform different paging strategy, and 2) that it reduces UE power savings benefit. NW paging strategy relates to the selection of cells in which NW sends a page and NW can still choose suitable paging strategy based on the Behv configured for PEI within different cells. Regarding reduced UE power saving benefit, while turning off PEI is another alternative available to the NW, the expectation is that PEI with Behv-B offers a tool to the NW whereby it can opportunistically offer UE power saving opportunity. With one-to-many mapping, and using reserved bits of one PO as PEI for other POs, the overhead required for Behv-B can be reduced. 
1. [bookmark: _Toc61880244][bookmark: _Toc61432108][bookmark: _Toc61432158][bookmark: _Toc61432205][bookmark: _Toc61432228][bookmark: _Toc61432252][bookmark: _Toc61432276][bookmark: _Toc61432320][bookmark: _Toc61432354][bookmark: _Toc61432378][bookmark: _Toc61432406][bookmark: _Toc61432448][bookmark: _Toc54381101][bookmark: _Toc79164976]Irrespective of an average assumed group paging rate, during periods of extensive paging load, the PEI transmissions lead to unacceptable blockage of control channel especially in multi-beam deployments where PEI needs to be swept.
1. [bookmark: _Toc79164977]A one-to-many mapping scheme between a PEI and multiple POs can provide multiplexing gain and reduce system overhead compared to a one-to-one mapping scheme.
[bookmark: _Toc79164985]PEI design supports associating one PEI DCI with multiple POs and/or paging groups.
[bookmark: _Toc79164986]PEI design supports higher-layer configuration of UE behavior wrt PEI detection/absence of PEI, i.e. whether UE follows Behv-A or Behv-B.
RAN1 needs to discuss the specific actions the UE takes with respect to a PO PDCCH and PDSCH respectively when PEI (or absence of PEI) indicates no paging. The main discussed benefit for PEI has so far been related to the savings brought to UE avoiding processing multiple SSBs for proper PDSCH reception when there is no paging PDSCH. Therefore, even if PEI (irrespective of whether Behv-A or Behv-B is used) indicates no paging, the UE could/should still decode the corresponding PO PDCCH and benefit from considerable savings from not having processed SSBs for the sake of PO PDSCH. From the NW point of view, through such mechanism, it would not need to provide information that is common to legacy UEs and to PEI consuming UEs (such as ETWS/SI updates) twice, once in PEI and once in PO. Also, this mechanism could be used for achieving higher reliability in which case the UE would through always decoding PO PDCCH detect potential missed PEI reception. Potentially, the UE behavior towards PO PDCCH/PDSCH processing when no paging is indicated by PEI can be configurable.
[bookmark: _Toc79164987]RAN1 to discuss UE behavior w.r.t. PO PDCCH monitoring (e.g. to acquire ETWS/SI updates) even when UE determines that PEI indicates no paging in corresponding PO.
As agreed during the previous meetings, UEs may, depending on given SNR level, need up to 3 SSBs prior to PO PDSCH for proper reception of the paging PDSCH message.  From the NW point of view, the given SNR levels for specific UEs are not known in idle mode. However, the NW may have knowledge of expected cell edge SNR levels for various deployments. Based on this knowledge the NW needs to be able to configure a suitable offset between PEI and corresponding PO. From the UE power consumption perspective, given the average 10% paging rate scenario, the UE can at 90% of the time in idle mode immediately go back to deep sleep after PEI decoding regardless of PEI location with respect to PO. 
1. [bookmark: _Toc79164978]Irrespective of PEI format, from the UE power consumption perspective, at average 10% paging rate, the UE can at 90% of the time in idle mode immediately go back to deep sleep after PEI decoding regardless of PEI location with respect to PO.
Furthermore, as mentioned earlier, the PEI transmissions by the NW cannot be guaranteed to be in conjunction or adjacent to other transmissions. The UE receiver activity of different PEI monitoring occasions/window sizes and different offsets to adjacent SSB are outlined in two examples shown in Figure 2. 
As summarized in Figure 3, the power consumption effect of different PEI locations and monitoring occasions are quite negligible and considering the flexibility it brings to the NW transmission and resource utilization configurability is worthwhile. Therefore, to maintain flexibility from the NW side, there should be a configurable window of occasions for PEI transmission (like connected mode WUS) during which the UE tries to decode PEI. For this, we think that PEI can reuse the connected mode WUS principles with Coreset and Search Space configurations used for configuring PDCCH monitoring for the UE. Also, for the same flexibility reasons, the distance between these PEI monitoring occasions (PEI MOs) and the corresponding paging occasion (PO) should also be configurable. 
For DCI-based PEI design, it should also be possible to use the Paging DCI intended for one group of UEs in one PO to form a PEI for other groups of UEs in another PO. This can be done by using the reserved bits of DCI format 1_0 with CRC scrambled by P-RNTI as PEI for future POs. This is especially beneficial for low-payload PEI. DCI-based PEI design can enable such reuse with configurable payload, RNTI, and appropriate search space configuration.

[image: ]
[bookmark: _Ref61431786]Figure 2: Depicts UE’s timelines for UE in low SNR in need of 3 SSBs prior to PO PDSCH decoding. Top sub-figure depicts the legacy (reference) case without PEI. The middle sub-figure depicts PEI transmission occasion window of 1 slot, 4ms after its adjacent SSB.
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[bookmark: _Ref61431690]Figure 3: Shows the UE power profile for the three cases depicted in Figure 2 (same color-coding).
1. [bookmark: _Toc79164988]Search space for PEI PDCCH monitoring can be configured separately from or can be same as one of the existing search spaces configured for PDCCH monitoring in Idle/inactive. 
1. [bookmark: _Toc7813653][bookmark: _Toc79164989]PO-specific configuration of the PEI includes an offset from PO ranging at least up to 3 SSBs prior to PO and includes a window of PEI monitoring occasions during which the UE searches for PEI.
1. [bookmark: _Toc79164990]PEI design should allow the use of reserved bits in paging DCI in one PO as paging early indication for UEs in one or more groups in other POs.
In the use case of PEI as the PO wakeup signal (Behv-A), the PEI would typically be sent when UE is not actively decoding PDCCH. In case of collision with other activity, rendering the UE unable to perform PEI decoding, the UE shall for that PO fall back to regular PO reception as per legacy procedures. Since the UE is not monitoring any scheduling DCI simultaneously, the BDs/CCEs/DCI budgets for PEI do not need to be shared with UE’s scheduling DCI in any case. This is also much simpler if PEI is included in paging DCI.
If PEI is not detected in a PEI MO, this can be due to NW not sending PEI command or UE missing the PEI. The missed PEI case affects the paging failure rate negatively. To avoid such situations, it should be possible for the NW to instruct the UE to adapt its PEI monitoring scheme based on fluctuating channel conditions and also as a fallback UE should monitor some search spaces/PDCCH related to PO even when PEI is not detected or not indicating any paging presence. 
[bookmark: _Toc61364570][bookmark: _Toc61364582]
Conclusion
In previous sections, the following observations and proposals were made: 

Observation 1	A DCI-based PEI, compared to the sequence-based, can conveniently carry more information, is future extendable, brings configurable contents, has lower standardization effort.
Observation 2	A DCI-based PEI, compared to the sequence-based, has less impact on UE and the NW both in terms of power, complexity, and consumed resources when multiple groups are addressed simultaneously and/or including various information elements.
Observation 3	In multi-beam deployments for which PEI needs to be swept in multiple occasions, a single symbol PDCCH based PEI is more efficient both in terms of UE/NW power consumption and system resource utilization than multi-symbol TRS/SSS based PEI.
Observation 4	Dynamic resource reservation through “Rate matching indicator” in DCI is an optional UE capability and can therefore not be assumed for legacy UEs.
Observation 5	Reserved (semi-)static resources used for sequenced-based PEI for the sake of potential PEI transmission locks up resources even though no paging occurs. Furthermore, these reserved resources cannot be communicated to UEs in idle/inactive mode and would therefore limit the occasions used for broadcast transmission.
Observation 6	Use of reserved bits in paging DCI (as a PDCCH-PEI) in one PO as paging early indication for UEs in one or more groups in other POs can further reduce PEI signaling overhead.
Observation 7	As PEI is only monitored in RRC Idle/inactive states where only fallback DCI is used, a DCI based PEI does not impact DCI size budget of up to 4 for a cell.
Observation 8	PEI transmissions should not be restricted to be in conjunction/adjacent to other transmission.
Observation 9	Irrespective of an average assumed group paging rate, during periods of extensive paging load, the PEI transmissions lead to unacceptable blockage of control channel especially in multi-beam deployments where PEI needs to be swept.
Observation 10	A one-to-many mapping scheme between a PEI and multiple POs can provide multiplexing gain and reduce system overhead compared to a one-to-one mapping scheme.
Observation 11	Irrespective of PEI format, from the UE power consumption perspective, at average 10% paging rate, the UE can at 90% of the time in idle mode immediately go back to deep sleep after PEI decoding regardless of PEI location with respect to PO.

Proposal 1	In deployments of high paging rate, in order to avoid excessive false paging during simultaneous paging of more than one sub-group, PEI supports addressing individual sub-group invocation (i.e. 8 bits, one per each of 8 subgroups in a PO).
Proposal 2	In deployments of high paging rate, where one-to-many PEI configuration is a necessary tool for the NW for avoiding excessive resource waste, PEI supports addressing sub-groups of at least up to 4 POs (i.e. in addition to the 8 bits used for sub-groups).
Proposal 3	In order to not waste bits unnecessarily in deployments where low paging rate is expected (few sub-groups/one-to-one configured), the sub-group/PO addressing bits shall be configurable (both number of bits and their meaning).
Proposal 4	Physical layer design for PEI is based on PDCCH DCI.
Proposal 5	In order to facilitate flexible content in PEI, the number of information bits conveyed by PEI is configurable between 1 and a maximum value PEImax (FFS on PEImax).
Proposal 6	For the PEI DCI, the RNTI used for CRC masking is configured via higher layers.
Proposal 7	PEI design supports associating one PEI DCI with multiple POs and/or paging groups.
Proposal 8	PEI design supports higher-layer configuration of UE behavior wrt PEI detection/absence of PEI, i.e. whether UE follows Behv-A or Behv-B.
Proposal 9	RAN1 to discuss UE behavior w.r.t. PO PDCCH monitoring (e.g. to acquire ETWS/SI updates) even when UE determines that PEI indicates no paging in corresponding PO.
Proposal 10	Search space for PEI PDCCH monitoring can be configured separately from or can be same as one of the existing search spaces configured for PDCCH monitoring in Idle/inactive.
Proposal 11	PO-specific configuration of the PEI includes an offset from PO ranging at least up to 3 SSBs prior to PO and includes a window of PEI monitoring occasions during which the UE searches for PEI.
Proposal 12	PEI design should allow the use of reserved bits in paging DCI in one PO as paging early indication for UEs in one or more groups in other POs.
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Annex A: Assumptions for IDLE UE power consumption
The following assumptions (as agreed in RAN1#102-e) are used for the study (FR1):
· Paging Cycle length:				1,28 seconds
· SS burst periodicity:				20 ms
· Cell BW:					20 MHz
· Group Paging rate:				10 %
· Number of SSB processing before PO:	1...3
· Paging PDCCH configuration:		AL8
· Paging PDSCH configuration:		Mapping Type A, MCS0, TB Scaling


Detailed simulation assumptions
	Parameters
	Values
	Note

	Carrier Frequency
	4GHz
	 

	Transmission BW
	20MHz
	 

	Antenna Configuration
	2TX; 2RX or 4RX
	 

	Channels
	TDL-C, 300 ns delay spread, 100 Hz Doppler spread
	 

	Frequency error
	Uniform distribution in the range 
[-X, +X] ppm, X = [0.5] 
	

	Paging PDCCH configuration
	AL8, 41 info + 24 CRC bits, REG bundle size 6
CORESET duration: 1 symbols
Non-interleaved
	

	Paging PDSCH configuration
	Mapping type A, MCS 0, 48 PRB, TB scaling 1, DMRS type 1 with 2 additional DMRS
	

	PEI-PDCCH
	Payload [1, 12] info bits +24-bit CRC. Other settings same as paging PDCCH.
	

	PEI-TRS
	48 PRBs, 3 REs/PRB/symbol x 2 OFDM sym, i.e. (1 slot TRS in evaluations) 
Information about 1 subgroup
Non-coherent detection
	For FR1, TRS occupies 4 symbols in 2 slots.





Annex B: Relevant agreements for Paging enhancements

Following agreement was made as per RAN1#102e:
· “New types/patterns of TRS/CSI-RS are not introduced specifically for idle/inactive mode UE”

Following agreements were made as per RAN1#103e:
“ For NR idle/inactive-mode paging enhancement, paging early indication before paging occasion is supported from RAN1 perspective
· FFS: Physical layer design based on DCI, SSS or TRS/CSI-RS 
· Send LS to inform RAN2 and kindly ask RAN2 to inform RAN1 if there is anything that RAN1 should take into consideration in the physical layer design for this feature, including any other progress RAN2 has made in this WI which may has RAN1 impact 

For NR idle/inactive-mode UEs with 10% group paging rate, paging early indication without UE sub-grouping can achieve the following power saving gains w.r.t. Rel-16:
· [0%] - [22.8%] where the baseline assumes 1 SS burst for synchronization before PO reception 
· Note: [0%] means UE can apply the baseline behavior if the time offset between the utilized SS burst and PO is small.
· [5.0%] - [32.0%]  where the baseline assumes 2 SS bursts for synchronization before PO reception
· [10.2%] - [67.7%]  where the baseline assumes 3 SS bursts for synchronization before PO reception
The power saving gains will become lower for higher group paging rate.
The power saving gains are dependent on the assumptions about placement of PEI and PO relative to SSB.
The power saving gains may vary with different paging early indication design. “
and the following agreements were made as per RAN1#104e:
Carrying UE subgroups information is considered in physical layer design for paging enhancement 

For the evaluation and comparison of PEI candidate designs based on PDCCH, TRS/CSI-RS and SSS, the following are assumed:
· Behv-A:  
· PEI indicates UE should monitor a PO if UE’s group/subgroup is paged
· UE is not required to monitor a PO if UE does not detect PEI at all PEI occasion(s) for the PO
· Behv-B:  
· PEI indicates whether or not UE should monitor a PO 
· UE is required to monitor a PO if UE does not detect PEI at all PEI occasion(s) for the PO
 
For the evaluation and comparison of PEI candidate designs, companies to report
· Description of how PEI design can co-exist with existing channels/signals, and impact to legacy UEs. 
· Rel-15 designs for multiplexing PEI with legacy channels/signals are assumed as baseline
· Other multiplexing method with legacy channels/signals can be additionally reported with justification

Take Alt 1 as mandatory, and Alt 2 as optional:

Alt 1 
For the performance evaluations of PEI candidate designs based on PDCCH, TRS/CSI-RS and SSS, 
1. The following are assumed, at the SNR where the Miss-Detection Rate (MDR) of paging PDSCH is 1%, 
0. When Behv-A is assumed: 
0. The joint miss-detection rate (MDR) of PEI and paging PDCCH defined below should be no worse than 1%: 
MDR_Joint_A = MDR_PEI + (1 – MDR_PEI) MDR_PagingPDCCH
0. The False-Alarm Rate (FAR) of PEI should be no larger than [1%]
0. When Behv-B is assumed: 
1. The joint miss-detection rate (MDR) of PEI and paging PDCCH defined below should be no worse than 1%: 
MDR_Joint_B = FAR_PEI + (1 – FAR_PEI) MDR_PagingPDCCH
1. The MDR of PEI should be no larger than [1%]
0. Note: The CFO is modeled at the input of PEI detection and based on LLS assumptions agreed in RAN1 #102-e. Companies should justify the applied random range for the CFO.
1. Companies to provide:
1. Information on the utilized detection method for each PEI candidate design (e.g., non-coherent detection or coherent detection)
1. The required #REs to comply with the performance assumptions
1. The maximum number of subgroups that can be carried in PEI, subject to the performance assumptions
Alt 2 
For the performance evaluations of PEI candidate designs based on PDCCH, TRS/CSI-RS and SSS, 
1. The following are assumed, at the SNR where the Miss-Detection Rate (MDR) of paging DCI is 1%, 
1. When Behv-A is assumed: 
3. The MDR of PEI should be no larger than 0.1% 
3. The False-Alarm Rate (FAR) of PEI should be no larger than 1%
1. When Behv-B is assumed: 
4. The FAR of PEI should be no larger than 0.1%
4. The MDR of PEI should be no larger than 1%
1. Note: The CFO is modeled at the input of PEI detection and based on LLS assumptions agreed in RAN1 #102-e. Companies should justify the applied random range for the CFO.
1. Companies to provide:
2. Information on the utilized detection method for each PEI candidate design (e.g., non-coherent detection or coherent detection)
2. The required #REs to comply with the performance assumptions
2. The maximum number of subgroups that can be carried in PEI, subject to the performance assumptions

For the evaluation of resource overhead with PEI candidate designs based on PDCCH, TRS/CSI-RS and SSS, companies to provide estimated overheads for PEI candidate designs based on the following factors:
1. Assumption of Behv-A/B
1. Required #REs from performance evaluations 
1. 10% group paging rate per PO as baseline; other group paging rates can be optionally considered and based on the following assumptions with justification (up to each company)
1. Whether and how coexistence with legacy UEs is considered 
1. Whether and how indication(s) to multiple POs and/or UE subgroups by one PEI is considered
1. Whether and how multi-beam transmission is considered 

Further study the design on how to provide the indications for UE subgroups over PEI and/or paging PDCCH, subject to the metrics agreed in RAN1 102e.
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