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Introduction
In 3GPP TSG RAN#93-e meeting, the conclusion of PEI was reached as follows [1].
	Agreements
· Support PDCCH-based PEI as the only option
· Only essential function for PEI is support
· New DCI format
· Higher layer configuration, including SS
· Details of the procedures of PEI monitoring, and identification of MOs before PO
· Only Behv-A (per RAN1#104e agreement) is supported
· If TRS availability indication is agreed to be supported in both paging DCI and the DCI format for PEI, same mechanism/principle for TRS availability indication is adopted for the two DCI formats
· Supporting TRS availability indication in DCI format for PEI shall not delay the completion of essential functionality of PEI 



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

General design of PDCCH-based PEI
According to the agreements in 3GPP TSG RAN#93-e meeting, the PDCCH-based PEI is supported. The detailed design of PDCCH based PEI hasn’t been settled down yet, which needs further discussion. In this contribution, the general design, such as the information carried by PEI, the mapping method of PEI and the monitoring occasions of PEI, etc., is discussed. 

Information carried by PEI
· Sub-grouping information
In 3GPP TSG RAN1#105-e meeting [2], it was agreed that for UE sub-grouping indication in physical layer, maximum of 8 subgroups per PO is supported. 
	Agreements:
For UE subgroups indication in physical layer, maximum of 8 subgroups per PO is supported.


For sub-grouping information, one solution is to carry the sub-grouping information on the PEI, another solution is to carry the sub-grouping information on the paging PDCCH. However, according to the agreements in 3GPP TSG RAN1#103-e meeting (shown as below), the power saving gain of the sub-grouping information carried on paging PDCCH is negligible. 
	Agreements:
Observation: For NR idle/inactive-mode UEs, UE sub-grouping indication within a PO can provide the following power saving gains w.r.t. Rel-16:
· If the original group paging rate is 10%: 
· [0.3%] - [1.1%] where the baseline assumes 1 SS burst for synchronization before PO reception
· [0.4%] - [0.8%] where the baseline assumes 2 SS bursts for synchronization before PO reception
· [0.3%] - [1.0%] where the baseline assumes 3 SS bursts for synchronization before PO reception
· Some sources also evaluated performance if the original group paging rate is in the range between 20% and 80% and showed following results:  
· [0.7%] - [7.6%] where the baseline assumes 1 SS burst for synchronization before PO reception
· [0.8%] - [3.0%] where the baseline assumes 2 SS bursts for synchronization before PO reception
· [0.5%] - [4.7%] where the baseline assumes 3 SS bursts for synchronization before PO reception



[bookmark: _Toc78][bookmark: _Toc20901][bookmark: _Toc83732674][bookmark: _Toc26136][bookmark: _Toc3580][bookmark: _Toc17829]If the sub-grouping information is carried on the paging PDCCH, the power saving gain is negligible.
[bookmark: _Toc22560][bookmark: _Toc29890][bookmark: _Toc5078][bookmark: _Toc83732676][bookmark: _Toc28676]The sub-grouping information should be carried by PEI. 

· Multiple PO indication
In real deployment, the network can configure more than one PO per Paging Frame (PF) for RRC Idle/Inactive mode UEs. If each PEI corresponds to one PO, the PEI overhead will be increased. For PDCCH-based PEI, associating a PEI with multiple POs does not degrade the power saving gain, but reduce the system resource overhead according to the analysis in [3]. Therefore, a PEI associated with multiple POs should be supported. 
[bookmark: _Toc83732677]A PEI associated with multiple POs should be supported.
The number of POs in one DRX cycle is determined by the number of PFs and the number of POs in one PF, which can be configured flexibly. For different configurations, the optimal PEI indication methods are different. For example, when the 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 affecting the power saving gain. When the PO density in a DRX cycle is small, one PEI associating 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. 
[bookmark: _Toc83732678]The number of POs associated with one PEI should be configurable.
As shown in Figure 1, for different UEs that monitor the different POs in the same PF or between two SSBs, the SSBs they need to process are the same, and the PEI positions that can provide the maximum power saving gain are the same. Therefore, these UEs can be associated with the same PEI. What’s more, using the legacy parameters, for example, the number of POs in a PF, to indicate the number of POs associated with one PEI can reduce the configuration resource overhead. In another way, pre-defining the number of POs associated with one PEI in specification can also reduce the signaling overhead.
[image: ]
Figure 1 Multiple POs indicated by the same PEI

[bookmark: _Toc83732679]Some legacy parameters can be reused to indicate the number of POs associated with one PEI.

· TRS availability indication
In 3GPP TSG RAN1#105-e meeting, 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. If the periodic TRS is not available, for example, due to 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 to RRC idle/inactive UE is necessary for UE power saving. 
[bookmark: _GoBack]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 DCI and paging PDSCH when there is no paging message for the UE, which will bring more power saving gain. Therefore, the availability indication conveyed by PEI should be supported.
[bookmark: _Toc83732680][bookmark: _Toc12351][bookmark: _Toc20522][bookmark: _Toc25809][bookmark: _Toc68621489][bookmark: _Toc25635][bookmark: _Toc8943][bookmark: _Toc14718][bookmark: _Toc4646][bookmark: _Toc3073][bookmark: _Toc22388][bookmark: _Toc79161258][bookmark: _Toc16936][bookmark: _Toc25123][bookmark: _Toc19601][bookmark: _Toc71707436][bookmark: _Toc4231]The availability indication conveyed by PEI should be supported.
· SI change and ETWS information
When PEI indicates that there is no paging message, the power saving gain comes from the skipping of PO reception. However, it is noted that in addition to 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 UE may miss the information update. If 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: _Toc83732681]The SI change and ETWS information carried by PEI should be considered.

Mapping method
In 3GPP TSG RAN1 #105-e meeting, the agreement about paging indication to the subgroups was reached as follows [2].
	Agreement:
For paging indication to the subgroups in a PO,
1. For PDCCH-based PEI, subgroups in a PO are indicated by one PEI
0. One bit in the DCI payload indicating one UE subgroup is supported 
0. FFS: Whether code-point based mapping is utilized, and, if so, how to map to the subgroups in a PO
......


For sub-grouping indication, the bitmap is a simple and straightforward mapping method. What’s more, in the case of different configurations (e.g., the number of sub-groups in one PO), the bitmap can be adjusted flexibly. When PEI is associated with multiple POs, each PO corresponds to a PO reception indication field, where the number of bits of the PO reception indication field depends on the number of sub-groups the PO contained.
[bookmark: _Toc18199][bookmark: _Toc12022][bookmark: _Toc83732682]Support bitmap mapping method for sub-grouping indication.
For PDCCH-based PEI, different functions can be indicated by different bit fields. As shown in Figure 2, the information fields including the TRS availability bit field, SI change bit field, and ETWS bit field can be common bit field, indicating the operations of all UEs that receive the PEI. Each bit in PO reception bit field corresponds to one UE sub-group, which indicates the UE belonging to the sub-group whether needs to monitor the PO or not. When PEI is associated with multiple POs, each PO corresponds to a sub-bit field in PO reception bit field. To ensure that UE can locate the information carried by PEI accurately, the start and the length of the bit field must be configured to UE. 
[image: ]
Figure 2 Bit structure of PDCCH-based PEI

PEI occasion(s)
As shown in our contribution [4], PEI can be located in different positions, such as, before the SSB, after the SSB, or close to the PO. However, the power saving gain from PEI in different positions varies greatly. According to the simulation results in [4], when there are SSB occasions between the PEI and the PO and the occasions of PEI burst are close to and after an SSB, UE can obtain larger power saving gain. 
What’s more, a PEI burst with multi-beam should be considered, especially for FR2. Same as paging PDCCH, PEI can be transmitted in more than one occasion, where each occasion has a predetermined QCL information. The QCL information of PEI in each occasion can be associated with an SSB.
[bookmark: _Toc16258][bookmark: _Toc19523][bookmark: _Toc27684][bookmark: _Toc18955][bookmark: _Toc3434][bookmark: _Toc5420][bookmark: _Toc83732675][bookmark: _Toc8410][bookmark: _Toc3837][bookmark: _Toc11835][bookmark: _Toc22759][bookmark: _Toc23246][bookmark: _Toc22246][bookmark: _Toc31575][bookmark: _Toc9301][bookmark: _Toc3039][bookmark: _Toc17421][bookmark: _Toc29653][bookmark: _Toc79161241]Multi-beam based transmission should be supported for PEI, and the QCL information of PEI in each occasion should be associated with an SSB.
For the determination of PEI position, a window for PEI transmission/reception prior to PO can be considered to reduce UE power consumption of PEI detection. UE only need to detect PEI within the PEI window. For example, the position of the PEI window can be determined by an offset between the PEI window and the PO, the duration of the PEI window, which is shown in Figure 3. When PEI is associated with multiple POs, each PO should correspond to a separate offset to ensure that the PEI window is same for UEs monitoring different POs, so that these UEs will monitor the same PEI. 
[image: ]
Figure 3 Determine the PEI position via PEI window (multiple offsets)

However, as the configuration of PEI window is broadcasted in SIB, instead of dedicated signaling. It will increase signaling complexity to map the multiple offsets to the corresponding POs. Hence, another implementation of PEI window is shown in Figure 4, wherein the PEI window is defined in relative to a reference point. The reference point can be an absolute position. For example, the reference point can be the start position of the PF. In this way, only one offset between the PEI window and the reference point are needed to determine the PEI occasion, which can reduce the configuration resource overhead effectively. As shown in in Figure 4, UEs corresponding to multiple POs will receive the same PEI.
When there are multiple reference points for different PEI in a DRX cycle, UE can select the nearest reference point or the first reference point before the monitored PO.
[image: ]
Figure 4 Determine the PEI position via PEI window (reference point)

[bookmark: _Toc27691][bookmark: _Toc71707440][bookmark: _Toc79161264][bookmark: _Toc83732683][bookmark: _Toc22974][bookmark: _Toc10254][bookmark: _Toc22748][bookmark: _Toc27950][bookmark: _Toc916][bookmark: _Toc4583][bookmark: _Toc11826][bookmark: _Toc189]The PEI reception window is used to determine the PEI occasion, wherein PEI reception window can be configured by an offset between the start of PEI window and the associated PO, or a reference point and an offset between the start of PEI window and the reference point.
[bookmark: _Toc22563][bookmark: _Toc19439]
Other aspects
For PDCCH-based PEI, other aspects, such as the aggregation level, the RNTI and the search space configurations need to be discussed.
· Payload size of PEI
In Rel-15/16, the DCI that UE in RRC idle/inactive state needs to monitor is DCI format 1-0 scrambled by P-RNTI/SI-RNTI/RA-RNTI/ MsgB-RNTI/TC-RNTI, and DCI format 0-0 scrambled by TC-RNTI. According to the discussion in Rel-17 small data transmission, RRC inactive state UE may also need to monitor C-RNTI in CSS. Even these two DCI formats are scrambled by different RNTIs, the DCI payload sizes are the same according to the DCI size alignment procedure in TS 38.212. It implies that UE needs to monitor only one DCI size considering Rel-15/16 specification and the on-going Rel-17 discussion. Hence, the payload size of PDCCH-based PEI can be flexibly configured without exceeding the 3+1 DCI size budget.
[bookmark: _Toc79161209][bookmark: _Toc83732684]The payload size of PDCCH-based PEI can be configured.

· Aggregation level
According to our contribution [3], for PDCCH-based PEI with SCL decoding, AL 4 fulfills the performance required by paging PDSCH without TB scaling; AL 8 fulfills the performance required by paging PDSCH with TB scaling=0.5. For PDCCH-based PEI with ML decoding, AL 2 fulfills the performance requirement of paging PDSCH with TB scaling 1 and AL 4 fulfills the performance requirement of 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 in different application scenarios can improve the coverage and better adapt to different TB scaling factors. 
[bookmark: _Toc83732685][bookmark: _Toc20977][bookmark: _Toc5422]The aggregation levels of PDCCH-based PEI can be configured 
· RNTI
In RAN#93-e meeting, a new DCI format was agreed for PDCCH-based PEI. For RNTI used to scramble the CRC of PDCCH-based PEI, both legacy RNTI like P-RNTI and new RNTI can be considered.
P-RNTI is used to scramble paging PDCCH. If the new DCI format has different DCI size from that of DCI format 1_0 carrying paging PDCCH, applying P-RNTI to the PEI will not lead to ambiguity. However, if the new DCI format has identical DCI size with DCI format 1_0 and P-RNTI is applied to the PEI, it will impact legacy UEs on the detection of paging DCI. Therefore, a new RNTI is preferred for PDCCH-based PEI.
Furthermore, if the new RNTI is a fixed value, all the cells will apply the same RNTI for PEI. It will cause interference to neighbour cells, and UE may falsely take PEI from other cell as its own PEI. Hence, a new RNTI with configurable value is suggested for the PDCCH based-PEI to reduce interference and false alarming rate.
[bookmark: _Toc83732686][bookmark: _Toc7715]A new RNTI with configurable value is preferred for the PDCCH based PEI with a new DCI format.
· Search space set
For search space set configured for PEI, two options can be considered.
Option 1: paging search space (i.e., Type2-PDCCH CSS set).  The paging search space can be reused for PEI to reduce the radio resource.
Option 2: PEI search space (e.g., Type2a-PDCCH CSS set). A dedicated new search space set, i.e., PEI search space can be configured for PEI. Using a new search space can reduce coupling with legacy search space set. 
To sum up, both legacy search space and new search space can be considered for PEI. However, to reduce the workload, the paging search space can be reused for PEI. 
[bookmark: _Toc29561][bookmark: _Toc83732687]The paging search space can be reused for PEI.

Conclusion
In this contribution, we discuss the power saving enhancement schemes for paging. We have the following observations and proposals.
Observation 1:	If the sub-grouping information is carried on the paging PDCCH, the power saving gain is negligible.
Observation 2:	Multi-beam based transmission should be supported for PEI, and the QCL information of PEI in each occasion should be associated with an SSB.

Proposal 1:	The sub-grouping information should be carried by PEI.
Proposal 2:	A PEI should be associated with multiple POs.
Proposal 3:	The number of POs associated with one PEI should be configurable.
Proposal 4:	Some legacy parameters can be reused to indicate the number of POs associated with one PEI.
Proposal 5:	The availability indication conveyed by PEI should be supported.
Proposal 6:	The SI change and ETWS information carried by PEI should be considered.
Proposal 7:	Support bitmap mapping method for sub-grouping indication.
Proposal 8:	The PEI reception window is used to determine the PEI occasion, wherein PEI reception window can be configured by an offset between the start of PEI window and the associated PO, or a reference point and an offset between the start of PEI window and the reference point.
Proposal 9:	The payload size of PDCCH-based PEI can be flexibly configured.
Proposal 10:	The aggregation levels of PDCCH-based PEI can be configured
Proposal 11:	A new RNTI with configurable value is preferred for the PDCCH based PEI with a new DCI format.
Proposal 12:	The paging search space can be reused for PEI.
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