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Introduction
For using the PEI function, the PEI capability reported by the UE should be maintained by the network and transferred to involved gNBs in case of paging, which enables these gNBs to be aware of UE's PEI capability and subsequently to decide how to page the UE. However, there may be certain cases where the UE’s reported PEI cannot be maintained by the network, resulting in misalignment between the UE and the gNB on the use of PEI and causing paging issues.
In this contribution, we discuss the PEI capability maintenance issue and propose possible solutions.
Discussion
Details of PEI capability maintenance issue
According to the current mechanism, the UE reports its PEI capability via the UE capability reporting procedure. After receiving the UECapabilityInformation message, the gNB decodes it and accordingly generates the UERadioPagingInformation inter-node message which contains UE’s paging related capabilities including the PEI capability [1]. Then the gNB transfer this message (i.e. the UE paging capability container) to the CN or other gNBs.
However, as illustrated in Fig.1, if the UE reports the PEI capability to a legacy gNB (i.e. gNB not supporting R17 features), the legacy gNB cannot understand the PEI capability and thus will not include it in the paging capability container, i.e. the PEI capability is actually not maintained by the network. But the UE does not know this situation and will use PEI for paging monitoring later in other cells where PEI is supported since the UE considers that the PEI capability has already been reported to the network, which results in the UE monitors the PEI while the gNB directly pages the UE in POs. In such a case, the UE may be unreachable.
[image: ]
Fig.1 An example for the PEI capability maintenance and mismatch issue
Observation 1: The legacy gNB does not understand the PEI capability and thus cannot include this capability in the UERadioPagingInformation inter-node message to CN or other gNBs for paging, i.e. the PEI capability reported by the UE is not maintained by the network.
Observation 2: The UE may report the PEI capability to a legacy gNB which cannot handle/maintain the capability. But the UE is not aware of this situation and will subsequently enable the PEI monitoring for paging in a cell which supports PEI, which results in inconsistent paging operations between the UE and the network and causes paging issues.
Possible ways to resolve the PEI capability mismatch
We think that the following are the possible ways to resolve the PEI capability mismatch issue.
Option 1: Introducing PEI capability filter
Currently, the network can use capability filters to request specific UE capabilities, e.g. for certain RATs or frequency bands. If filters are included in the UECapabilityEnquiry message, the UE will report filtered capabilities in accordance with these filters.
Therefore, a simple way to solve the misalignment issue of PEI capability is to use the filter mechanism. A filter for the PEI capability is introduced and the network includes this filter to request UE’s PEI capability.
In this way, only the gNB which understands the PEI capability will request the UE to report this capability and in turn, if the UE receives the corresponding filter, the UE can know unambiguously that the reported PEI capability will be handled/maintained by the gNB. Thus the UE and the network can be aligned on the PEI capability maintenance.
Besides, considering that gNBs have the information of capability filters used by other gNBs, the latter gNBs can accordingly decide whether to request a UE’s PEI capability in case there is no PEI capability in the UE’s capability information received from CN. For example, if the latter gNB finds that there is no PEI capability in the UE’s capability information and the previous gNB has already requested the UE’s PEI capability, then the latter gNB can know that the UE does not support PEI and does not need to request the PEI capability again.
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Fig.2 Examples for the procedure of Option 1
Option 2: Adding PEI feature support indication
[bookmark: _GoBack]Another possible solution is to let the UE know whether the gNB is able to handle/maintain the PEI capability such that the UE can accordingly decide whether to report the PEI capability. 
A straightforward way may be that the UE decides this based on the occurrence of the PEI configuration in SIB1. This way, however, is not accurate in some cases since the gNB which has been upgraded to support the PEI feature may not use the PEI all the time. Specifically, for both the legacy gNB and the gNB that supports the PEI feature but does not enable the PEI monitoring, there will be no PEI configuration in SIB1. The UE cannot distinguish the two cases when it finds no PEI configuration broadcast and if the UE simply chooses not to report the PEI capability regardless of the actual situation, the opportunity for UE to use the PEI feature will be reduced, which impacts power saving gain. 
Therefore, we suggest that an explicit indication is introduced in e.g. SIB1 for indicating whether the gNB has been upgraded to support the PEI feature, i.e. whether the gNB can handle/maintain the PEI capability. With this indication, the UE can decide accurately whether to report the PEI capability even in case there is no PEI configuration broadcast.
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Fig.3 Examples for the procedure of Option 2

Table 1 Comparison of Option 1 and Option 2
	
	Option 1:
PEI capability filter
	Option 2:
PEI feature support indication

	Pros
	· Simple and efficient for PEI capability reporting
· gNBs can know the previous PEI capability reporting situation based on the used capability filter information, and thus accurately decides whether to request the PEI capability again
	· Straightforward for UE to make an accurate decision on PEI capability reporting

	Cons
	· NBC ASN.1 change (but with relatively small impact)
	· NBC ASN.1 change
· gNBs cannot know the previous PEI capability reporting situation and thus may need to trigger the capability enquiry blindly, which leads to unnecessary signalling overhead



Further analysing the above possible options to address the capability mismatch issues in terms of signalling efficiency, we think that the option of Introducing PEI capability filter (option 1) is the simplest and most efficient way. Hence we propose the following:
Proposal 1: RAN2 is requested to discuss and specify a solution to solve the mismatch of PEI capability maintenance between the UE and the network. 
Proposal 2: It is proposed to introduce a capability filter for the PEI capability reporting where the UE only reports the PEI capability in accordance with the corresponding filter sent by the gNB.
Conclusion
[bookmark: OLE_LINK3]In this paper, we discuss the issue of PEI capability maintenance between the UE and the network. Observations and proposals are summarized as follows.
Observation 1: The legacy gNB does not understand the PEI capability and thus cannot include this capability in the UERadioPagingInformation inter-node message to CN or other gNBs for paging, i.e. the PEI capability reported by the UE is not maintained by the network.
Observation 2: The UE may report the PEI capability to a legacy gNB which cannot handle/maintain the capability. But the UE is not aware of this situation and will subsequently enable the PEI monitoring for paging in a cell which supports PEI, which results in inconsistent paging operations between the UE and the network and causes paging issues.
Proposal 1: RAN2 is requested to discuss and specify a solution to solve the mismatch of PEI capability maintenance between the UE and the network. 
Proposal 2: It is proposed to introduce a capability filter for the PEI capability reporting where the UE only reports the PEI capability in accordance with the corresponding filter sent by the gNB.
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