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Introduction
PDCCH-based PEI is supported according to the agreements in 3GPP TSG RAN#93-e meeting [1]. When considering the location of PEI, power saving gain is an important factor. In this contribution, we provide the power saving gain of PDCCH-based PEI.

Discussion on power saving gain of PDCCH-based PEI
In different situations, the number of SSBs before PO the UE processes are different. In some cases, two SSBs are enough for UE. In some special cases, such as Redcap UE or poor channel condition, two SSBs before the PO may not meet the synchronization and measurement requirements. In some other cases, only one SSB is needed. Therefore, in this section, we analyze the power saving gain of PEI when different number of SSBs are processed before PO. 
· Three SSBs before PO
The UE processing timeline with three SSBs before PO is provided in Figure 1. 
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Figure 1 UE processing timeline (Three SSBs before PO)
Assume that the offset between PO and the nearest SSB is 10 ms, the power saving gain provided by PEI in different locations are given in Figure 2. The group paging rate per PO is denoted as “RG”. It can be seen that when there is one or more SSBs between the PO and the corresponding PEI, the UE can obtain a larger power saving gain. The PEI located near the first SSB provides the maximum power saving gain. The power saving gains obtained by the PEI located in location 1 and location 2 are basically the same.
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Figure 2 Power saving gain provided by PEI (Three SSB before PO)
 
· Two SSB before PO
For two SSBs before PO, the UE processing timeline can be found in Figure 3. Assume that the offset value between PO and nearest SSB is 10 ms. 
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Figure 3 UE processing timeline (Two SSBs before PO)
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Figure 4 Power saving gain provided by PEI (Two SSBs before PO)

Figure 4 shows the power saving gain of PEI in the position 1~5. Based on the simulation results in Figure 4, the same conclusion can be obtained.
· when there is one or more SSBs between the PO and the corresponding PEI, the UE can obtain a larger power saving gain.
· the PEI located near the first SSB (before or after the first SSB) provides the maximum power saving gain.
· the power saving gains obtained by the PEI located in location 1 and location 2 are basically the same.

· One SSB before PO
[image: ]
Figure 5 Potential PEI location (One SSB before PO)

As shown in Figure 5, when there is only one SSB before PO, the serving cell measurement relies on this SSB. Therefore, regardless of the PEI position (i.e., position 1~3 in Figure 5), UE cannot reduce the processing of SSB. 
[image: 11]
Figure 6 Power saving gain provided by PEI (One SSB before PO)

According to the Figure 6, it can be seen the PEI near the SSB can provide higher power saving gain. And the power saving gain corresponding to location 1 and location 2 are basically the same.
Based on the above analysis, we can draw the following observations
[bookmark: _Toc6880][bookmark: _Toc79085075]When there is one or more SSBs between the PO and the corresponding PEI, the UE can obtain a larger power saving gain.
[bookmark: _Toc22402]The PEI located near the first SSB provides the maximum power saving gain.
[bookmark: _Toc79085076][bookmark: _Toc152]The power saving gains obtained by the PEI located before or after the first SSB are basically the same. 

Conclusion
In this contribution, we discuss the detection performance and power saving gain of PEI. We have the following observations.
Observation 1: When there is one or more SSBs between the PO and the corresponding PEI, the UE can obtain a larger power saving gain.
Observation 2: The PEI located near the first SSB provides the maximum power saving gain.
Observation 3: The power saving gains obtained by the PEI located before or after the first SSB are basically the same.
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