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Introduction
In 3GPP TSG RAN1 #106b-e meeting, the conclusion of PEI was reached as follows [1].
	Agreement
For NR Rel-17, paging indications to UE subgroups are carried only in PEI.

Agreement 
For PEI, a new DCI format is supported to include at least paging indications to UE group(s)/subgroups of the associated PO(s)
· One bit in the DCI payload indicating one UE subgroup of a PO or one UE group/PO
· The maximum number of total bits for paging indication field in PEI DCI format is x 
· One PEI can be configured to indicate up to 4 PO(s) in a PF
· FFS whether to supporting map PEI to 3 POs in a PF
· FFS: 1 PEI for POs across multiple PFs
· FFS: value of x

Agreement 
A PEI occasion (PEI-O) is a set of S consecutive PDCCH monitoring occasions when nrofPDCCH-MonitoringOccasionPerSSB-InPO is not configured
· S is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1
· The K-th PDCCH monitoring occasion for PEI in the PEI-O has the same QCL assumption as that of the K-th PDCCH monitoring occasion for paging in the PO.
· Note: QCL reference is SSB
· FFS: Determination of the PEI-O location 
· FFS: Support of unlicensed spectrum operation with nrofPDCCH-MonitoringOccasionPerSSB-InPO configured

Agreement 
CORESET # 0 or commonControlResourceSet in SIB1 can be used for PEI
        Note: The number of CORESETs configured for a UE follows the requirement of UE feature 3-1
 
Agreement 
Support configuration of a dedicated search space (‘peiSearchSpace’) for PEI
 FFS: Configuration details and whether and how to reuse legacy search space sets, including pagingSearchSpace and searchSpaceSetZero

Agreement
Determination of PEI-O location for a target PO is based on one of the following alternatives:
· Alt 1: The first PDCCH monitoring occasion of the PEI-O is provided w.r.t. the start of a reference frame determined by a frame-level offset to the PF of the target PO
· FFS: The unit and the range of the frame-level offset
· FFS: The unit and the range of the configuration for the first PDCCH monitoring occasion (e.g., to be the same as those of firstPDCCH-MonitoringOccasionOfPO)
· Alt 2: The first PDCCH monitoring occasion of the PEI-O is provided w.r.t. the L-th SS burst before the first PDCCH monitoring occasion of the target PO.
· FFS: the case that a SSB burst overlaps in time with the target PO
· FFS: L = 1, 2 or 3
· FFS: Reference the “start” or “end” of the L-th SS burst
· FFS: The unit and the range of the configuration for the first PDCCH monitoring occasion
· Alt 3: The first PDCCH monitoring occasion of the PEI-O is provided by a time offset w.r.t. a reference time for the target PO.
· FFS: The exact definition of the reference time, e.g. the first MO of the target PO, the first MO of the first PO indicated by the PEI, the start of the PF for the target PO
· FFS: The unit and the range of the time offset
· FFS: Whether any SS burst or TRS burst is needed between PEI-O and PO
· Configuration for one PEI indicating multiple POs within a PF should be taken into consideration in the determination of PEI occasion  
Decide one of the above alternatives or a single merged solution based on the alternatives in RAN1#107-e meeting.
FFS: Extension for the case one PEI indicates multiple POs across multiple PFs, if supported


In this contribution, the detailed design for PDCCH-based PEI is further discussed. 

General design of PEI
According to the agreements in 3GPP TSG RAN 1#106b-e meeting, some designs of PEI, such as the mapping methods of the paging indications, PEI-O location, search space and CORESET were discussed. Some detailed designs of PEI haven’t been settled down yet. In this contribution, the further discussion and analysis are provided. 

Information carried by PEI
· Multiple PO indication
In 3GPP TSG RAN 1#106b-e meeting, it was agree that one PEI can be configured to indicate up to 4 PO(s) in a PF. 
	Agreement 
For PEI, a new DCI format is supported to include at least paging indications to UE group(s)/subgroups of the associated PO(s)
· One bit in the DCI payload indicating one UE subgroup of a PO or one UE group/PO
· The maximum number of total bits for paging indication field in PEI DCI format is x 
· One PEI can be configured to indicate up to 4 PO(s) in a PF
· FFS whether to supporting map PEI to 3 POs in a PF
· FFS: 1 PEI for POs across multiple PFs 
· FFS: value of x



The number of POs in one DRX cycle is determined by the number of PFs and the number of POs in one PF. For different configurations, the optimal PEI indication methods are different. For example, when a PO density in a DRX cycle is high, the mechanism that one PEI indicates the operation of multiple POs can significantly reduce the resource overhead without loss of power saving gain. When the PO density in a DRX cycle is small, one PEI associated with a small number of POs doesn’t increase resource overhead. Therefore, the number of POs associated with one PEI should be configured by network to adapt to different deployment scenarios. It is not necessary to restrict the number of POs indicated by one PEI. From this perspective, one PEI configured to indicate POs across multiple PFs should be supported.   
[bookmark: _Toc19332][bookmark: _Toc86840263][bookmark: _Toc87031834]One PEI configured to indicate POs across multiple PFs should be supported.

· TRS availability indication
In 3GPP TSG RAN1#105-e meeting [2], the agreement was reached as follows. 
	Agreement:
Confirm the following working assumption:
Support at least L1 based signaling for the availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UEs.
· FFS details, including paging DCI and/or PEI for L1 based signaling
· FFS SIB-based signaling/configuration
· Note: It is RAN1 understanding that existing SI update procedure is used for SIB based signalling



The periodic TRS configured to RRC connected mode UE can be broadcasted via SIB to assist the RRC idle/inactive state UE to acquire ACG and synchronization. For example, if there is no RRC connected mode UE in the cell, the network has the flexibility to stop transmitting the periodic TRS for RRC idle/inactive UE. The availability indication of TRS for RRC idle/inactive UE is needed for UE power saving. 
For RRC Idle/Inactive state UE, both PEI and paging DCI can be used for TRS availability indication. If the availability indication is carried by PEI, UE can skip receiving paging PDCCH and paging PDSCH when there is no paging message for the UE, which can bring more power saving gain. Therefore, the TRS availability indication conveyed by PEI should be supported.
[bookmark: _Toc19601][bookmark: _Toc86840264][bookmark: _Toc71707436][bookmark: _Toc25809][bookmark: _Toc15724][bookmark: _Toc16936][bookmark: _Toc12351][bookmark: _Toc20522][bookmark: _Toc25123][bookmark: _Toc22388][bookmark: _Toc3073][bookmark: _Toc14718][bookmark: _Toc25635][bookmark: _Toc8943][bookmark: _Toc4646][bookmark: _Toc79161258][bookmark: _Toc68621489][bookmark: _Toc4231][bookmark: _Toc87031835]The TRS availability indication conveyed by PEI should be supported.

· SI change and ETWS information
When a PEI indicates that there is no paging message for a UE, the power saving gain comes from the skipping of PO reception. However, beside the scheduling information of paging message, the paging DCI also carries other important information, such as systemInfoModification and etwsAndCmasIndication which are indicated in short message. If the PO reception is skipped, the SI change and ETWS information will be omitted, and the UE will miss the information update, which will lead to serious consequences, affect the life rescue, and reduce response time for the people in some regions with the relative high probability of earthquake or other emergency disasters. If the UE receives paging DCI in each paging cycle to obtain SI change and ETWS information, it will decrease the power saving gain. 
Therefore, PEI should be used to indicate SI change and ETWS information to save UE power consumption without affecting the existing system functions.
[bookmark: _Toc23576][bookmark: _Toc86840265][bookmark: _Toc87031836]The SI change and ETWS information carried by PEI should be considered.

PEI format
The bit fields in PEI and the structure of the DCI format 2-7 should be discussed. 
For PDCCH-based PEI, different functions, such as paging indication, TRS availability indication and short message, can be indicated by different bit fields. A structure of PEI is shown in Figure 1, TRS availability bit field and short message can be common bit fields, which indicates operations of all UEs that receive the PEI. For the paging indication bit field, one bit indicate one UE subgroup of a PO or one UE group/PO. And the size of the paging indication bit field is determined by the number of POs associated with the PEI and the number of sub-groups in one PO.
To ensure that UE can locate the information carried by PEI accurately, the start and the length of the bit field must be informed to UE in an implicit or explicit way. 
[image: ]
Figure 1 Bit structure of PDCCH-based PEI

[bookmark: _Toc87031837]A bit structure of PEI in Figure 1 can be supported.

PEI occasion(s)
In 3GPP TSG RAN 1#106b-e meeting, three alternatives for the determination of PEI-O location were discussed. 
Alt 1: The first PDCCH monitoring occasion of the PEI-O is provided w.r.t. the start of a reference frame determined by a frame-level offset to the PF of the target PO.
In Alt 1, the radio frame where the PEI is located is determined by a frame-level offset. In this way, when a PEI is configured to indicate paging information for all POs in a PF, only one offset is required to determine the position of the PEI, which is shown in Figure 2(a). However, in other scenarios, one PF-specific offset is not sufficient. For example, when there are four POs in a PF and PEI is configured to indicate paging information for three POs as shown in Figure 1(b), or when there are two POs in a PF and PEI is configured to indicate three POs as shown in Figure 2(c), the offset should be configured separately for each PO. In this case, the PEI is determined by an offset relative to PO, which is the same as Alt 3.
[image: ]
Figure 2(a) configuration of PEI associated with POs within a PF

[image: ]
Figure 2(b) configuration of PEI associated with POs across PFs
[image: ]
Figure 2(c) configuration of PEI associated with POs across PFs
[bookmark: _Toc86840258][bookmark: _Toc26157][bookmark: _Toc87031830]In the scenario where the PEI is configured to indicate paging information across PFs, Alt 1 with one PF-specific offset is not sufficient to determine the PEI occasion.

Alt 2: The first PDCCH monitoring occasion of the PEI-O is provided w.r.t. the L-th SS burst before the first PDCCH monitoring occasion of the target PO.
Alt 2 uses the L-th SSB before the target PO to determine the PEI-O location. However, when PEI is configured to indicate paging information for multiple POs, especially these multiple POs are located across multiple PFs, the L-th SSB before different POs may not be the same, which is shown in Figure 3. Therefore, the L-th SSB should be PO-specific in the scenario when one PEI is configured to indicate paging information for multiple POs, which is also the same as Alt3.
[image: ]
Figure 3 configuration of PEI relative to SSB

[bookmark: _Toc86840259][bookmark: _Toc2923][bookmark: _Toc87031831]For Alt 2, the L-th SSB should be PO-specific in the scenario when one PEI is configured to indicate paging information for multiple POs
The intention of configuration of PEI relative to SSB is to reduce UE wake-up times of processing SSB and PEIs. However, the number of SSBs before POs processed by the UE depends on UE implementation. The gNB cannot ensure UE processes the L-th SSB before PO. If UE does not process the SSB, the PEI-O location determined by the L-th SSB before the target PO cannot reduce the additional power consumption of the ramp up/ramp down.
It was agreed that a new search space set of peiSearchSpace was introduced for PEI in RAN1#106b-e meeting. In addition, we think the legacy pagingSearchSpace should also be reused for PEI. If pagingSearchSpace is adopted, the location relationship between the PEI and L-th SSB cannot be guaranteed, and the power saving gain from determining PEI relative to the SSB cannot be obtained.
[bookmark: _Toc86840260][bookmark: _Toc24124][bookmark: _Toc87031832]The PEI-O location determined by the L-th SSB before the target PO may not bring additional power saving gain.
Alt 3: The first PDCCH monitoring occasion of the PEI-O is provided by a time offset w.r.t. a reference time for the target PO.
It is most straightforward and robust to determine the PEI location by an offset relative to the target PO. According to the previous discussion, it can be seen that no matter what the mapping relationship between PEI and PO is, UEs that monitor different POs can be configured to detect same PEI. 
[bookmark: _Toc86840261][bookmark: _Toc23321][bookmark: _Toc87031833]Alt 3 is the most straightforward and robust to determine the PEI location in all scenarios.
When one PEI is configured to indicate one PO, as shown in Figure 4 (a), the offset between different POs and the corresponding PEI may be the same. When one PEI is associated with multiple POs as shown in Figure 4(b), each PO should correspond to a separate offset to ensure that the PEI location is same for UEs monitoring different POs, so that these UEs will monitor the same PEI. 
[image: ]
Figure 4(a) Configuration of PEI associated with one PO
[image: ]
Figure 4(b) Configuration of PEI associated with multiple POs across the PF

[bookmark: _Toc86840266][bookmark: _Toc14361][bookmark: _Toc87031838]Alt 3, i.e., the determination of the PEI-O location by an offset for the target PO should be adopted.
As shown in our contribution [3], PEI can be located in different positions, e.g. before several SSBs or close to the PO. The power saving gain from PEI in different positions varies greatly. According to the simulation results in [3], when there are SSB occasions between the PEI and the PO, UE can obtain larger power saving gain. Therefore, when determining the PEI location, the occurrence of SSB between the PEI and the PO can be considered.
[bookmark: _Toc31862][bookmark: _Toc86840267][bookmark: _Toc87031839]The occurrence of SSB between the PEI and the PO can be considered to provide a larger power saving gain.
[bookmark: _Toc19439][bookmark: _Toc22563]
Other aspects
For PDCCH-based PEI, other aspects, such as aggregation level, candidate, RNTI need to be further discussed.

· Aggregation level & candidate
According to our contribution [3], for PDCCH-based PEI with SCL decoding, AL 4 fulfills the performance required by paging PDSCH without TB scaling, and AL 8 fulfills the performance required by paging PDSCH with TB scaling=0.5. What’s more, when the payload size changes, the required aggregation level for different performance requirements changes accordingly. Therefore, configurable aggregation levels for different application scenarios can improve the coverage and adapt to different TB scaling factors. 

As described in TS38.213, the CCE aggregation levels for Type0/0A/2-PDCCH CSS set L{4, 8, 16} with a candidate of {4, 2, 1}. Considering the PEI decoding performance, the aggregation levels of PEI can be applied with the same AL configuration as that of Type0/0A/2-PDCCH CSS.
[bookmark: _Toc20977][bookmark: _Toc5422][bookmark: _Toc86840268][bookmark: _Toc25839][bookmark: _Toc87031840]The aggregation levels and candidates of Type0/0A/2-PDCCH CSS can be reused for PDCCH-based PEI.

· RNTI
For RNTI used to scramble the CRC of PDCCH-based PEI, both legacy RNTI like P-RNTI and new RNTI can be considered. When the payload size of PEI and paging PDCCH can be distinguished, using the P-RNTI is a good choice.
The detection performance of the PEI is influenced by the payload size of PEI. When the payload size of PEI is large, the decoding performance of PEI will be degraded and more stringent synchronization performance is required. Considering the power saving gain from PEI comes from the relaxed synchronization requirement and better MDR performance, the payload size should be carefully considered, for example, less than that of paging PDCCH. In this case, P-RNTI can be used to for PEI scrambling. 
[bookmark: _Toc3520][bookmark: _Toc86840262][bookmark: _Toc87031841]P-RNTI is supported for PEI.

Conclusion
In this contribution, we discuss the power saving enhancement schemes for paging. We have the following observations and proposals.
1. In the scenario where the PEI is configured to indicate paging information across PFs, Alt 1 with one PF-specific offset is not sufficient to determine the PEI occasion.
1. For Alt 2, the L-th SSB should be PO-specific in the scenario when one PEI is configured to indicate paging information for multiple POs
1. The PEI-O location determined by the L-th SSB before the target PO may not bring additional power saving gain.

1. One PEI configured to indicate POs across multiple PFs should be supported.
1. The TRS availability indication conveyed by PEI should be supported.
1. The SI change and ETWS information carried by PEI should be considered.
1. A bit structure of PEI in Figure 1 can be supported.
1. Alt 3, i.e., the determination of the PEI-O location by an offset for the target PO should be adopted.
1. The occurrence of SSB between the PEI and the PO can be considered to provide a larger power saving gain.
1. The aggregation levels and candidates of Type0/0A/2-PDCCH CSS can be reused for PDCCH-based PEI.
1. P-RNTI is supported for PEI.
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