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1
Introduction
RAN WGs are specifying Paging Early Indication in NR as part of the Rel-17 UE Power Saving WI. In short, PEI notifies UEs of potentially relevant incoming paging such that these UEs are then able to skip POs in which they are (definitely) not being paged, thus saving power (decoding POs being more power hungry than decoding PEI). To this effect, UE subgrouping is introduced that allows waking up subgroups of UEs for potentially relevant paging. This works in a very similar fashion as GWUS in E-UTRA.
This contribution discusses how to support PEI in 5GS+NR on the basis of RAN1/2 agreements.

2
Background

2.1
PEI
RAN#93e confirmed the support of PEI in Rel-17, using PDCCH-based approach only [1], namely:
	-
Support PDCCH-based PEI as the only option

-
Only essential 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


The above agreement complements an earlier RAN1#105e agreement on subgrouping as quoted below:

	For paging indication to the subgroups in a PO

-
For PDCCH-based PEI, subgroups in a PO are indicated by one PEI

-
One bit in the DCI payload indicated one UE subgroup is supported


Discussions have also taken place in RAN2, with the following agreements made at RAN2#113bis-e and #114e [2][3]
	We adopt Network controlled subgrouping (based on individual UE characteristics, not specified or limited to paging prob as EUTRA, possibly with additional randomization)

If the network chooses to not provide specific subgrouping information, there will be configuration option where subgrouping can be supported by randomization (by UE-ID)

The following is supported:

-
CN is responsible for allocating UEs to UE paging subgroups based on UE characteristics

-
Use same UE subgroups when in RRC_IDLE and RRC_INACTIVE


Observation 1:
-
Subgrouping is network-controlled. The definition of subgroups is based "on individual UE characteristics, not specified or limited to paging prob as EUTRA, possibly with additional randomization". Arguably, this is not entirely clear i.e. what "UE characteristics" implies
-
In the absence of subgrouping information, subgrouping is based on UE-ID in RAN i.e. no CN impact.

-
PEI operates both in RRC_IDLE and RRC_INACTIVE

-
There is no differentiation of Subgroups between RRC_IDLE and RRC_INACTIVE
2.2
E-UTRA WUS

(G)WUS in E-UTRA follows these principles:
-
Applicable in EPS and 5GS to UEs in RRC_IDLE (note: we focus on RRC_IDLE WUS in this document)
-
CN is not aware of WUS usage in the (ng)eNB

-
The WUS group set or group is selected by the UE based on WUS Assistance Information (UE paging probability information) or UE NAS identity (UE_ID).
-
To avoid unintentional UE wake-up, WUS is only used in the last known UE cell location i.e. cell in which the UE last entered RRC_IDLE. 
-
This cell information (Recommended Cells for Paging) is provided by the RAN to the CN over S1-AP/NG-AP upon UE context release complete, UE context suspend request and UE context resume request. 

-
The CN thereafter provides the cell information (Recommended Cells for Paging as Assistance Data for Recommended Cells) to the RAN S1-AP/NG-AP upon CN paging, which is then used by the RAN to issue WUS in the last used cell.
-
For GWUS, assistance information (i.e. paging probability information) is provided by the CN to the RAN to determine the WUS group of a UE
-
The UE indicates upon Attach/Registration (incl. TAU/RU) whether it supports WUS assistance info and if so may provide the UE paging probability information.
-
The CN determines and indicates the WUS Assistance Information to the UE upon (every) Attach/Registration accept, and provides it to the RAN upon CN paging

While (G)WUS only operates over 3GPP access, it should be noted that in 5GS, the related information (namely UE paging probability information and WUS Assistance Information) can also be exchanged via non-3GPP access in Registration signaling. For obvious reason however, it should be clear that this is only applicable should the UE operate 3GPP access and non-3GPP access in the same PLMN. In other words, if a UE is registered to different PLMNs over 3GPP and non-3GPP access, then (G)WUS usage in the 3GPP access PLMN is only affected by the operation over 3GPP access. Since (G)WUS usage is initiated by the UE, it is the responsibility of the UE to ensure proper operation.
3
Discussion
The key differences/commonalities between PEI (with subgroups) and (G)WUS (group sets/groups) are:
-
Determination of the subgroup in NR / WUS group (set) based either

-
[difference] "on individual UE characteristics, not according or limited to UE paging probability information, possibly with additional randomization" rather than based on UE paging probability information with E-UTRA; (subgroup, WUS group set) or
-
[commonality] on UE_ID (subgroup, WUS group).

-
Applicability in

-
RRC_IDLE only (E-UTRA)

-
RRC_IDLE and RRC_INACTIVE (NR)

The WUS framework as shown in 2.2 above is tentatively a sound framework for PEI subgrouping with NR in 5GS, for applicability in RRC_IDLE.

However a main issue is that RAN2 decision is not only open-ended, it is essentially unclear: "based on individual UE characteristics, not specified or limited to paging probability information as EUTRA, possibly with additional randomization"

Observation 2: it is unclear what RAN2’s intention is with " based on individual UE characteristics, not specified or limited to paging probability information as EUTRA, possibly with additional randomization"
However, a framework in 5GS already exists allowing usage of the UE paging probability information and there is, unless RAN2 informs otherwise, no reason why this would not be usable also for NR, besides possibly additional information.
Proposal 1: An LS should be sent to RAN2 to ask for clarification as to what their intention is with their agreement, and whether the UE paging probability information can be reused in 5GS (possibly with additional/alternative information to be clarified by RAN2).

Proposal 2: reuse the existing GWUS framework for PEI (and associated subgrouping), that is:
-
PEI subgroup is selected by the UE based on PEI Assistance Information [TBD – see Proposal 1] and/or UE NAS identity (UE_ID).

-
To avoid unintentional UE wake-up, PEI is only used in the last known UE cell location i.e. cell in which the UE last entered RRC_IDLE.
-
Existing RAN/CN signaling over NG-AP is reused i.e. Recommended cells for Paging.

-
PEI Assistance Information is provided by the CN (AMF) to the gNB to determine the PEI subgroup of a UE

-
The UE indicates upon Registration Request whether it supports PEI assistance info and if so may provide [TBD - See Proposal 1]
-
The AMF determines and indicates the PEI Assistance Information to the UE upon (every) Registration Accept and provides it to the RAN upon CN paging
For RRC_INACTIVE, a similar situation as RRC_IDLE occurs i.e. unintentional UE wake-up should be avoided. In other words, PEI should only be used in the last known UE location i.e. cell in which the UE last entered RRC_INACTIVE. It is a RAN responsibility to ensure this. We see no justification for the RAN to keep the CN aware of the cell in which the UE last entered RRC INACTIVE – the only potential use case, would be to cover the case of the locally transiting the UE to RRC_IDLE (i.e. abnormal situation), however in this case, the system behavior would inevitably fall back to RRC_IDLE handling shown above (Proposal 2).
Proposal 3: It is RAN responsibility (and a RAN2/3 decision) to ensure PEI is not issued in cells (of a RAN paging area) where it should not be sent, in order to avoid unintentional UE wake-up.

To fully enable PEI (subgrouping) usage with RRC_INACTIVE, the PEI Assistance Information cannot be solely provided to the RAN upon CN paging – i.e. idle mode paging cannot be a pre-requisite to being able to use PEI Assistance Information in RRC_INACTIVE. In addition, given RRC_INACTIVE is a RAN decision while the PEI Assistance Information is CN information, it is important to avoid NG-RAN having to request the PEI Assistance Information from the AMF prior RAN paging and instead to ensure the PEI Assistance Information is readily available in NG-RAN. As per existing specification, it is an AMF requirement (see TS23.501 §5.3.3.2.5) "to provide assistance information to the NG-RAN, to assist the NG-RAN's decision whether the UE can be sent to RRC Inactive state". The RRC Inactive Assistance Information is provided by the AMF to NG-RAN at Registration, Service Request and Handover. It is therefore proposed that whenever the AMF provides the RRC Inactive Assistance Information to NG-RAN it also provides the PEI Assistance Information. 

Proposal 4: The AMF provides the PEI Assistance Information to NG-RAN whenever it also provides the RRC Inactive Assistance Information to NG-RAN i.e. at Registration, Service Request and Handover.
While the UE is RRC_INACTIVE the RAN stores in the UE context the latest PEI Assistance Information received from the AMF and uses it for RAN paging. 

Proposal 5: For RRC_INACTIVE, the RAN stores in the UE context the latest PEI Assistance Information received from the AMF and uses it for RAN paging.

Similar to (G)WUS, it is also proposed that when the UE uses both 3GPP access and non-3GPP access in the same PLMN, the PEI related information can also be exchanged using non-3GPP access registration signaling.

Proposal 6: PEI related information can also be exchanged using registration signaling over non-3GPP access, when the UE uses 3GPP access and non-3GPP access in the same PLMN.

4
Conclusions

Observation 1:

-
Subgrouping is network-controlled. The definition of subgroups is based "on individual UE characteristics, not specified or limited to paging prob as EUTRA, possibly with additional randomization". Arguably, this is not entirely clear i.e. what "UE characteristics" implies

-
In the absence of subgrouping information, subgrouping is based on UE-ID in RAN i.e. no CN impact.

-
PEI operates both in RRC_IDLE and RRC_INACTIVE

-
There is no differentiation of Subgroups between RRC_IDLE and RRC_INACTIVE
Observation 2: it is unclear what RAN2’s intention is with " based on individual UE characteristics, not specified or limited to paging probability information as EUTRA, possibly with additional randomization".
Proposal 1: An LS should be sent to RAN2 to ask for clarification as to what their intention is with their agreement, and whether the UE paging probability information can be reused in 5GS (possibly with additional/alternative information to be clarified by RAN2).

Proposal 2: reuse the existing GWUS framework for PEI (and associated subgrouping), that is:

-
PEI subgroup is selected by the UE based on PEI Assistance Information [TBD – see Proposal 1] and/or UE NAS identity (UE_ID).

-
To avoid unintentional UE wake-up, PEI is only used in the last known UE cell location i.e. cell in which the UE last entered RRC_IDLE.

-
Existing RAN/CN signaling over NG-AP is reused i.e. Recommended cells for Paging.

-
PEI Assistance Information is provided by the CN (AMF) to the gNB to determine the PEI subgroup of a UE

-
The UE indicates upon Registration Request whether it supports PEI assistance info and if so may provide [TBD - See Proposal 1]
-
The AMF determines and indicates the PEI Assistance Information to the UE upon (every) Registration Accept and provides it to the RAN upon CN paging
Proposal 3: It is RAN responsibility (and a RAN2/3 decision) to ensure PEI is not issued in cells (of a RAN paging area) where it should not be sent, in order to avoid unintentional UE wake-up.

Proposal 4: The AMF provides the PEI Assistance Information to NG-RAN whenever it also provides the RRC Inactive Assistance Information to NG-RAN i.e. at Registration, Service Request and Handover.

Proposal 5: For RRC_INACTIVE, the RAN stores in the UE context the latest PEI Assistance Information received from the AMF and uses it for RAN paging.

Proposal 6: PEI related information can also be exchanged using registration signaling over non-3GPP access, when the UE uses 3GPP access and non-3GPP access in the same PLMN.

CRs corresponding to the above are provided in [4], [5].
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