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1. Introduction
In RAN1#106-e [1], the following were agreed:

Conclusion
To down-select one solution for PEI physical-layer channel/signal in RAN1 #106-e,
· PDCCH-based PEI
· SSS-based PEI

Proposed Working Assumption
· PDCCH-based PEI
Supported by 20 companies, but can not be accepted by 3 companies, i.e., Intel, CATT, Sony.

In RAN#93-e meeting [2], the following conclusion was agreed:
· 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 

This contribution discusses remaining issues for supporting PDCCH based paging early indication.  

2. PDCCH based Paging Early Indication (PEI) 
2.1 PEI with UE subgrouping 
According to the evaluations provided by companies till RAN1#106-e meeting, PEI with or without UE subgrouping is the only function with justified power saving gain. PDCCH based signaling can carry a payload size larger than 12bits, so the PDCCH based PEI can be used to provide PEI with UE subgrouping per PO. There is no need to consider other function triggered together in the same physical layer channel as PEI. Also, it’s necessary to keep a small payload size for PDCCH based signaling in order to provide sufficient reliability for UE to successfully decode the PDCCH. Therefore, we propose to consider PEI with UE subgrouping as the only essential function for paging enhancements in NR Rel-17. 

Proposal 1: Support PEI with UE subgrouping per PO as the only function for paging enhancements in NR Rel-17. 

In RAN1-105e meeting, it was agreed to support maximum of 8 subgroups per PO. To reduce signaling overhead and fully utilize the capacity of PDCCH based signaling, a PDCCH based PEI can be mapped to UE subgroups from a number of N>=1 consecutive POs. How to divide a group of UEs associated with a PO into multiple UE subgroups can be up to RAN2 design. The remaining issue in RAN1 is to complete the design of corresponding DCI fields or code-points to provide PEI with UE subgrouping. For the benefit of simplicity, a bitmap can be considered for PEI with UE subgrouping per PO. Each bit can be associated with a UE subgroup, where the value of “0”/”1” indicates whether or not UEs in the associated UE subgroup has to monitor next PO. 
 
Proposal 2: Use a bitmap for PEI with UE subgrouping per PO.

2.2 DCI format
According to the conclusion in [2], a new DCI format to provide the PDCCH based PEI is needed. To decode the new DCI format, an idle/inactive UE has to be provided information regarding the RNTI and payload size in advance. 

The RNTI used to scramble the CRC bits of the new DCI format can be provided in SIB, for example a RNTI dedicated to power saving, e.g. PS-RNTI. Alternatively, the legacy P-RNTI can be reused, as long as gNB can avoid overlapped monitoring occasions with legacy paging PDCCH. This can be achieved by gNB implementation, such as to configure a search space set for the new DCI format different from the search space set for paging. The latter alternative is better with benefit of no additional configuration overhead for RNTI. Since the decision about RNTI also has impact on the configuration flexibility for search space set, it’s better to discuss is after completing the design regarding to search space set. 

Proposal 3: One of the following alternatives can be considered to determine the RNTI used for the DCI format for PEI:
· Alt1: a new RNTI configured by SIB, e.g. PS-RNTI, 
· Alt2: reuse P-RNTI

The payload size in terms of  bits can be determined based on the number of UE subgroups per PO,  and number of POs associated with a single PDCCH based PEI, , such that . For the benefit of detection reliability, gNB can configure the payload size to be no larger than a predetermined maximum value, such as <= 40. The value for  and  can be provided to UEs in SIB. The applicable values for  can be 1 to 8, and the applicable values for  can be 1 to , where   is the number of POs per PF. 
 
Proposal 4: The payload size of the DCI format for PEI,  can be determined such as , where
· <= 40, 
·  is the number of UE subgroups per PO with applicable values of 1 to 8, 
·  is the number of POs associated with a single PDCCH based PEI, and the applicable values is 1 to , where   is the number of POs per PF.

2.3 Higher layer configurations 
A configuration for PEI monitoring should be provided to idle/inactive UEs in SIB. The configuration should include information for UE to determine PDCCH monitoring occasions for the DCI format with PEI. There should be a mapping between PDCCH monitoring occasions and associated POs for PEI. In addition, the PDCCH MOs have to support multi-beam transmission for PEI to idle/inactive UEs.

For PDCCH based PEI, gNB needs to configure a search space set for reception of the DCI format that includes the PEI. The configuration of the search space set, such as PDCCH monitoring periodicity and offset, can be used to determine the PDCCH monitoring occasions. However, the legacy configuration of search space set cannot provide a mapping between PDCCH MOs for PEI and associated PO(s). Therefore, there is a need to provide additional configuration information for determining the start of PEI occasion relative to associated PO(s). As illustrated in Figure 1, the start of PDCCH monitoring occasions for PEI can be determined based on a, a time offset, , relative to the start of the associated PO. For PDCCH based PEI, gNB may need to configure a large value for  in case UE needs to process additional number of SSBs for synchronization or AGC for paging PDSCH reception when the UE is paged. The applicable values for can be a number of milliseconds, such as [10, 20, 40, 80] ms.



Figure 1: Illustration of UE processing timeline in idle/inactive mode
.  
Proposal 5: Support SIB based configuration for a time offset between the start of PDCCH MOs for PEI and start of the associated PO(s).

Same as legacy signal/channels transmitted in the idle/inactive mode, gNB has to support PEI in multiple PDCCH monitoring occasions for multi-beam operation, where each PDCCH monitoring occasion has an associated QCL information. The same principle for determining multi-beam operation for paging can be reused for the multi-beam operation for PEI, such that the number of PDCCH MOs for PEI equals to the number of SSBs transmitted per SSB burst, indicated by ssb-PositionsInBurst in SIB1, and each of the PDCCH MO for PEI is QCLed with one of the transmitted SSB within a SSB burst. 

Proposal 6: Support multi-beam operation for PDCCH based PEI, such that
· A PEI occasion is a set of 'S' consecutive PDCCH monitoring occasions where 'S' is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1, and
· The Kth PDCCH monitoring occasion for PEI in the PEI occasion corresponds to the Kth transmitted SSB.

For the time/frequency resource allocation of the PDCCH based PEI, the legacy configuration of CORESET and search space set can be reused. Similar as configuration for paging search space set. A search space set dedicated for PEI can be configured by SIB, where the configuration provides the ID of the search space set and ID of CORESET to use for the reception of PDCCH based PEI. gNB has the flexibility to reuse existing search space set or configure a separate search space set for PEI by gNB implementation. The configuration of the search space set for PEI can be used to determine multiple PDCCH MOs over time. However, an idle/inactive UE only expect to receive PEI in a number of “S” configured PDCCH MO per PEI reception occasion, where the location of the first PDCCH MO can be determined based on , and the start of PO or PF the UE is configured to monitor. 

Proposal 7: Support SIB based configuration for a search space set for PDCCH based PEI. 

3. Conclusion	
This contribution discussed remaining issues for supporting PDCCH based PEI. Following proposals are made:
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Proposal 1: Support PEI with UE subgrouping per PO as the only function for paging enhancements in NR Rel-17. 

Proposal 2: Use a bitmap for PEI with UE subgrouping per PO.

Proposal 3: One of the following alternatives can be considered to determine the RNTI used for the DCI format for PEI:
· Alt1: a new RNTI configured by SIB, e.g. PS-RNTI, 
· Alt2: reuse P-RNTI

Proposal 4: The payload size of the DCI format for PEI,  can be determined such as , where
· <= 40, 
·  is the number of UE subgroups per PO with applicable values of 1 to 8, 
·  is the number of POs associated with a single PDCCH based PEI, and the applicable values is 1 to , where   is the number of POs per PF.

Proposal 5: Support SIB based configuration for a time offset between the start of PDCCH MOs for PEI and start of the associated PO(s).

Proposal 6: Support multi-beam operation for PDCCH based PEI, such that
· A PEI occasion is a set of 'S' consecutive PDCCH monitoring occasions where 'S' is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1, and
· The Kth PDCCH monitoring occasion for PEI in the PEI occasion corresponds to the Kth transmitted SSB.

Proposal 7: Support SIB based configuration for a search space set for PDCCH based PEI.
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