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Introduction
In this contribution we discuss the remaining issues on enhancement for idle/inactive-mode UE power saving.  The remaining issue could be:
· information of UE behaviors at gNB side to enable the proper configuration of PEI

The information of the UE behaviors
Whether to monitor PEI is up to UE implementation
It is always a problem that the spec provides the full flexibility to network to configure PEI to reduce the overhead, but some configurations of PEI is not power efficient at UE side. In RAN1#107bis-e, it was concluded that it is up to UE implementation whether the UE monitors PEI or directly monitors PO.
	Conclusion
For a UE supporting R17 paging enhancement feature, it is up to UE implementation whether the UE monitors the MO(s) for a PEI.
· If UE decides to not to monitor PEI, it has to monitor UE’s PO as defined in 38.304.
· Note: No specification impact


However, if network does not have information on the UE behavior of monitoring PEI or directly monitoring PO, how can network properly configure PEI?

The number of SSB(s) before the associated PEI-PDCCH
The number of SSB burst(s) before PEI has been discussed in the evaluation stage. It is the majority view that UE needs to process one SSB before the associated PEI-PDCCH for AGC/sync/measurement, but it is not officially concluded in the discussion. Companies thought the channel condition has impact on it, so one SSB is only for typical channel condition (that may be why there is no official conclusion). 
On the other hand, it is common understanding that the DCI size of PEI-PDCCH has impact on the number of SSB(s) before the associated PEI-PDCCH (equivalent to UE wake-up time). This understanding was captured in RAN1#107-e agreements as a Note.
	Note: Larger value of POnumPerPEI can reduce the average PEI overhead per PO, but there can also cause potentially larger paging latency and larger UE power consumption due to longer UE wake-up time before PO monitoring, which can be significant with large value of (T/N).


We have Question-1:
· Can network configure PEI properly without any information on the number of SSB(s) before the associated PEI-PDCCH for the typical cases?
In our view, the network vendor may assume one SSB before the associated PEI-PDCCH according to the evaluations typically. Hence, Question-1 is not so critical to answer.

The number of SSB(s) before the associated paging PDCCH
In the evaluation of power saving gain of PEI, it was argued that PEI-PDCCH should not be too close to the associated paging. If PEI is too close to the associated paging, there could be no enough number of SSBs before the associated paging PDCCH, e.g. additional two SSBs, to let UE perform finer sync to achieve the low enough CFO to receive paging PDCCH/PDSCH reliably. Similarly as the number of SSB(s) before the associated PEI PDCCH, it is in companies’ mind that some factors, e.g. the channel condition, DCI size of the paging PDCCH, code rate of the paging PDSCH, will influence the number of SSB(s), but maybe there is a value for the number of SSB(s) for the typical cases.
We have Question-2:
· Can network configure PEI properly without any information on the number of SSB(s) before the associated paging PDCCH for the typical cases?
In our view, the network vendor may assume three SSBs before the associated paging PDCCH according to the evaluations typically. Hence, Question-2 is not so critical to answer.

The maximum gap between SSB and the associated PEI-PDCCH
It is common understanding that PEI power saving gain comes mainly from the low wake-up energy overhead. In other words, the gap between SSB and the associated PEI-PDCCH should be small enough. This understanding was also captured in RAN1#107-e agreements as a Note.
	· Note: When PEI-O is placed close to or overlapped with an earlier SS burst before its associated POs, the total UE wake-up time can be reduced for better power saving gain. Network can configure the PEI-O location accounting the power saving benefit and potential impact on gNB flexibility.


We have Question-3:
· Can network configure PEI properly without any information on the maximum gap between SSB and the associated PEI-PDCCH for the typical cases?
In our view, the network vendor may assume the maximum gap between SSB and the associated paging PDCCH is ten or twenty milliseconds according to the evaluations typically. Hence, Question-3 is not so critical to answer.

The minimum gap between SSB and the associated PEI-PDCCH or paging PDCCH
The issue of search space zero as PEI search space
In the discussion of whether search space zero can be used for PEI search space in RAN1#107bis-e, companies had discussed the issue of the minimum gap b/w SSB and PEI-PDCCH. 
For SSB/CORESET#0 multiplexing pattern 1/2, PDCCH MO of search space zero associated to an SSB is always ahead of the SSB. It is very unfriendly for UE to perform AGC/sync/measurement based on the SSB. There are two implementations for UE to handle it.
· Implementation-1: UE needs to buffer the PDCCH samples, and process the SSB for AGC/sync/measurement, and then in turn process the buffered PDCCH samples.
· Implementation-2: UE does not process the SSB, instead, UE has to wake up much earlier to process another associated SSB in the previous SSB burst before the PDCCH MO.
Implementation-1 has high UE complexity, because UE should have capability to buffer the PDCCH samples and apply AGC/sync estimations back to the buffered PDCCH samples. In our view, it is totally new UE behavior. Implementation-2 will cause the large reduction of power saving gain, since UE has to wake up much earlier. In our view, it is hard to apply AGC estimations back to the buffered PDCCH samples, because usually the AGC should be applied before beginning of data processing.
For SSB/CORESET#0 multiplexing pattern 3, PDCCH MO of search space zero associated to an SSB is FDMed with the SSB. Similarly, the above two implementations should be considered at UE side.
Implementation-1 implies the high UE complexity, but companies accepted it for SSB/CORESET#0 multiplexing pattern 2/3 in FR2, because the reduction of time-domain overhead of large number of beam for sweeping is more critical for FR2 and sharing the same round of beam sweeping between SSB/SIB1/paging is more attractive for network. In other words, FR2 UE with PEI capability should implement the buffer-then-process algorithm. Regarding the current deployment with paging in FR2 is not wide, companies can accept search space zero to be used for PEI search space.

Also related to gap between SSB and the associated paging PDCCH
In fact, UE has the similar issue when receiving paging PDCCH, i.e. UE needs to consider the minimum gap between SSB and the associated paging PDCCH.

Some companies’ views and assumptions
In [1], it was proposed to align SSB and paging PDCCH, e.g. the starting symbol for paging PDCCH search space is adjacent to an SSB. In the description, the minimum gap between SSB and the associated paging PDCCH can be zero (i.e. SSB and the associated paging PDCCH is overlapping) or negative (i.e. SSB is after the associated paging PDCCH). In [2], it was also propose to align SSB and PEI-PDCCH, which means the minimum gap between SSB and the associated paging PDCCH can be zero i.e. SSB and the associated PEI-PDCCH is overlapping) or negative (i.e. SSB is after the associated PEI-PDCCH). In [3], the PEI located before the first SSB was assume in the evaluations, and it was the evaluation results that the power saving gains obtained by the PEI located before or after the first SSB are basically the same.

Question
From the above discussion, we have Question-4:
· Can network configure PEI properly without any information on the minimum gap between SSB and the associated PEI-PDCCH or paging PDCCH for the typical cases?
Before answering this question, we should answer another question firstly.
· Can the minimum gap between SSB and the associated PEI-PDCCH or paging PDCCH be zero or negative?
Note that zero or negative gap means the buffer-then-process algorithm at UE side. From our perspective, we think the zero or negative gap may not be mandatorily supported by UE. Therefore, we propose to have conclusion or agreement on the minimum gap between SSB and the associated PEI-PDCCH or paging PDCCH.
Proposal 1: The positive minimum gap between SSB and the associated PEI-PDCCH or paging PDCCH can be defined or concluded as the information/reference for network configuring PEI.
For the specific values for the minimum gap between SSB and the associated PEI-PDCCH or paging PDCCH, we propose to refer the minimum time gap for DCI format 2_6.
	If a UE reports for an active DL BWP a MinTimeGap value that is X slots prior to the beginning of a slot where the UE would start the drx-onDurationTimer, the UE is not required to monitor PDCCH for detection of DCI format 2_6 during the X slots, where X corresponds to the MinTimeGap value of the SCS of the active DL BWP in Table 10.3-1.
Table 10.3-1 Minimum time gap value X
	SCS (kHz)
	Minimum Time Gap X (slots) 

	
	Value 1
	Value 2

	15
	1
	3

	30
	1
	6

	60
	1
	12

	120
	2
	24





For wake-up behavior for DCI format 2_6, UE should switch on the receiver for active time operations, so the switch time should be large enough. For wake-up behavior for PEI, UE should only switch on the receiver for paging detection, so the switch time could be small. Therefore, we propose to reuse the value 1 for minimum time gap for DCI format 2_6.
Proposal 2: The minimum gap between SSB and the associated PEI-PDCCH or paging PDCCH reuses the minimum time gap value 1 for DCI format 2_6, i.e. 1/1/1/2 slots for 15/30/60/120kHz respectively.

[bookmark: _Ref494215420]Conclusion
In the contribution, we have the following proposals.
Proposal 1: The positive minimum gap between SSB and the associated PEI-PDCCH or paging PDCCH can be defined or concluded as the information/reference for network configuring PEI.
Proposal 2: The minimum gap between SSB and the associated PEI-PDCCH or paging PDCCH reuses the minimum time gap value 1 for DCI format 2_6, i.e. 1/1/1/2 slots for 15/30/60/120kHz respectively.
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