


3GPP TSG RAN WG1 #107-e	                        	      R1-2110939
e-Meeting, Nov. 11th – Nov. 19th, 2021

Source: 	ZTE, Sanechips
[bookmark: OLE_LINK4]Title:	Additional simulation results of UE power consumption in RRC idle and inactive state
Agenda Item:	8.7.1.3 
Document for:	Discussion and Decision
Introduction
PDCCH-based PEI is supported according to the agreements in 3GPP TSG RAN#93-e meeting [1]. The power saving gain and detection performance are major factors considered in PEI design. The decoding performance of PEI is closely related to the configured aggregation levels. Different configurations, for example, different PEI positions, can result in different power saving gain. In this contribution, we provide the decoding performance of PEI and power saving gain of PDCCH-based PEI.
Discussion on decoding performance of PDCCH-based PEI
In 3GPP TSG RAN#93-e meeting, the agreements was reached as follows.
	Agreements
· Support PDCCH-based PEI as the only option
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 


According to the agreements, only Behv-A is supported for PEI.
The JMDR performance of PDCCH-based PEI with Behv-A is shown in Figure 1. 
[image: ]
Figure 1 JMDR performance of PDCCH-based PEI (SCL decoding, payload size is12)

As shown in Figure 1, for PDSCH with TB scaling 1 (i.e., no scaling), the JMDR performance of PDCCH-based PEI with AL 4 fulfills the requirement. For PDSCH with TB scaling 0.5, the JMDR performance of PDCCH based-PEI with AL 8 fulfills the requirement. The FAR of PDCCH-based PEI is about 2-21, which is far less than 1% as it is required. 
[bookmark: _Toc23360][bookmark: _Toc26610][bookmark: _Toc23749][bookmark: _Toc28186][bookmark: _Toc27698][bookmark: _Toc30163]For Behv-A and SCL decoding, PDCCH-based PEI with AL 4 fulfills the performance required by paging PDSCH without TB scaling, and PDCCH-based PEI with AL 8 fulfills the performance required by paging PDSCH with TB scaling=0.5.

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 2. 
[image: ]
Figure 2 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 3. The group paging rate per PO is denoted as “RG”. It can be seen that 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.
[image: 4]
Figure 3 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 4. Assume that the offset value between PO and nearest SSB is 10 ms. 
[image: ]
Figure 4 UE processing timeline (Two SSBs before PO)

[image: 7]
Figure 5 Power saving gain provided by PEI (Two SSBs before PO)

Figure 5 shows the power saving gain of PEI in the position 1~5. Based on the simulation results in Figure 5, the same conclusion can be obtained.
· 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 6 Potential PEI location (One SSB before PO)

As shown in Figure 6, 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 7 Power saving gain provided by PEI (One SSB before PO)

According to the Figure 7, 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: _Toc79085075][bookmark: _Toc465]The PEI located near the first SSB provides the maximum power saving gain.
[bookmark: _Toc79085076][bookmark: _Toc26723]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: For Behv-A and SCL decoding, PDCCH-based PEI with AL 4 fulfills the performance required by paging PDSCH without TB scaling; PDCCH-based PEI with AL 8 fulfills the performance required by paging PDSCH with TB scaling=0.5.
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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