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Introduction
In RAN #93-e, the PDCCH-based and sequence-based paging early indication (PEI) were discussed, and the following was concluded [1]:

Conclusion:
Support PDCCH-based PEI as the only option
- Only essential function for PEI is supported
· 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, several design aspects of PDCCH-based PEI are discussed.
Discussion
It has been agreed to support PDCCH-based PEI and that the PEI can carry wake-up indications for multiple UE groups. For the DCI design, the straightforward method is to assign one bit to each UE group where this bit indicates wake-up or not wake-up. The index of the bit targeting a specific UE group can be determined by the UE ID and the number of UE groups supported. 
Proposal 1: One it is allocated per UE group to indicate wake-up or not-wake-up.
Proposal 2: The index of the bit is determined by at least the UE ID and the number of UE groups. 
One advantage of the PDCCH-based PEI is that it can provide higher signaling capacity with no or negligible loss in block error rate. So, in addition to per-UE-group paging early indication, other indications that can help UEs save power can be carried within the DCI. One of such indications is the availability of TRS for idle/inactive UEs. If the TRS availability indication is carrier only in the paging PDCCH, the UE will need to wake-up to monitor the paging PDCCH whether it is paged or not. This means that the power saving benefit of the PEI would be diminished. Therefore, it is advantageous to support indication of the TRS availability in the DCI. 
Proposal 3: Support availability indication of TRS occasions for idle/inactive UEs within the PEI DCI.

One open issue is the mapping between the PEI and the PO(s). As a baseline, one-to-one PEI-to-PO should be supported, i.e., PEI carries wake-up indication for one PO. However, further power saving gain can be achieved by supporting the PEI to carry wake-up indication for multiple POs. 
Proposal 5: One-to-one mapping between PEI and PO is supported.
Proposal 6: One-to-many mapping between PEI and corresponding POs should be configurable.
For the monitoring occasion design, an approach like the one adopted for Rel-16 wake-up signal can be used. The UE can be configured with search spaces within a window in which the UE is supposed to monitor the PEI PDCCH occasions according to the configured search spaces. Each PEI PDCCH monitoring occasion would correspond to a transmitted SSB. Since the PEI is mapped to one PO, starting and ending points of the monitoring window can be determined with reference to the associated. This approach is illustrated in Figure 2‑1. 
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Proposal 7: UE monitors the PEI PDCCH in K consecutive PDCCH monitoring occasions (where K is the number of actual transmitted SSBs) in a window according to the configured search spaces. The starting and ending points of the window are determined with reference to the firstPDCCH-MonitoringOccasionOfPO of the associated PO.

Summary
In this contribution, design aspects of PDCCH-based PEI are discussed. The proposals are as follows:
Proposal 1: One it is allocated per UE group to indicate wake-up or not-wake-up.
Proposal 2: The index of the bit is determined by at least the UE ID and the number of UE groups. 
Proposal 3: Support availability indication of TRS occasions for idle/inactive UEs within the PEI DCI.
Proposal 4: Support SI/EWTS update indication within the PEI.
Proposal 5: One-to-one mapping between PEI and PO is supported.
Proposal 6: One-to-many mapping between PEI and corresponding POs should be configurable.
Proposal 7: PEI is monitored in a window according to the SS configuration. The monitoring occasion consists of K consecutive PDCCH monitoring occasions where K is the number of actual transmitted SSBs. The starting point of the window with reference to the firstPDCCH-MonitoringOccasionOfPO. 
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