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Abstract: This contribution discusses possible CT1 work required to support PEI in 5GS+NR on the basis of RAN2 agreements and current WUS functionality framework.
1
Introduction

RAN WGs are specifying NR Paging Early Indication (PEI) in 5GS 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 groups of UEs for potentially relevant paging. This works in a very similar fashion as E-UTRA WUS in EPS/5GS.
2
Background of E-UTRA WUS
WUS in E-UTRA follows these principles:

-
Applicable in EPS and 5GS to UEs in RRC_IDLE

-
The WUS group set or group is selected by the UE based on WUS Assistance Information (UE paging probability information) and/or UE NAS identity (UE_ID).

-
Assistance information (i.e. paging probability information) is provided by the CN to the RAN/UE to determine the WUS group of a UE

-
The UE indicates upon Attach/Registration (incl. TAU/RU) whether it supports WUS Assistance Information 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/TAU/Registration accept, and provides it to the RAN upon CN paging

3
Discussion

In C1-214019/R2-2106552 RAN2 informed CT1, SA2 and RAN3 about the agreements made by RAN2 about Paging Subgrouping quoted hereafter:

-
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)
-
CN is responsible for allocating UEs to paging subgroups based on UE characteristics
-
Use same UE subgroups when in RRC_IDLE and RRC_INACTIVE.
The key differences/commonalities between PEI and WUS are:

-
Determination of the group is based
-
[difference] "on individual UE characteristics, not according or limited to UE paging probability information, possibly with additional randomization" for NR PEI, rather than based on UE paging probability information for E-UTRA WUS; and/or
-
[commonality] on UE_ID.

-
Applicability in

-
RRC_IDLE only (E-UTRA WUS in EPS/5GS)

-
RRC_IDLE and RRC_INACTIVE (NR PEI in 5GS)

To support NR PEI:

1)
When comparing the E-UTRA WUS to NR PEI based on RAN2 agreement, we know that more information will be taken into account (the E-UTRA WUS functionality framework in EPS/5GS uses UE paging probability information and/or UE-ID to determine the UE group) while determining the UE group for NR PEI. What the new information (i.e., "individual UE characteristics" and "possibly with additional randomization" in C1-214019/R2-2106552) exactly means is upto RAN2/SA2 discussion and decision, however the E-UTRA WUS functionality framework can be reused to accommodate UE grouping for NR PEI, because the grouping of UEs is still needed, what changes is more information may be taken into account in the grouping determination. New mechanism similar to WUS assistance information may be needed between UE and 5GS to support the NR PEI.
Observation 1: The E-UTRA WUS framework as shown in clause 2 above is tentatively a sound baseline for NR PEI  and is expected to be re-used as much as possible for RRC_IDLE. New mechanism very similar to WUS assistance information may be needed to support the NR PEI.
Proposal 1: CT1 starts stage3 work after normative stage2 requirements are available to support the NR PEI in RRC_IDLE. A mechanism similar to WUS assistance information (e.g., PEI Assistance Information) is expected.
Expected CT1 work 1: Support NR PEI in RRC_IDLE by leveraging WUS assistance information design.
2)
The NR PEI in 5GS additionally covers RRC_INACTIVE state UE power saving, hence some extensions are needed to further cover this. The new requirements to support RRC_INACTIVE state is not expected to impact CT1 SPEC much because it is majorly RAN and UE AS layer responsibility to support RAN paging functionality. One possible system level change can be the AMF to provide the PEI Assistance Information to the RAN during registration procedure or service procedure together or as part of the RRC Inactive Assistance Information (see TS23.502 §4.2.2.2.2 step 23a of the registration procedure as an example).
Observation 2: Additional functionality is needed for NR PEI support in RRC_INACTIVE however the expected CT1 SPEC impacts are limited.
Proposal 2: CT1 starts stage3 work after normative stage2 requirements are available to support the NR PEI in RRC_INACTIVE.
Expected CT1 work 2: Expected impacts in CT1 to additionally further support NR PEI in RRC_INACTIVE are limited.
Observation 3: Based on expected CT1 work 1 and 2, the expected impacts are limited, thus proposing the CT1 contributions to implement PEI can be submitted under 5GProtoc17 and NR_UE_pow_sav_enh
Proposal 3: CT1 contributions to support NR PEI can be submitted under existing 5GProtoc17 and NR_UE_pow_sav_enh.
4
Conclusions

Observation 1: The E-UTRA WUS framework as shown in clause 2 above is tentatively a sound baseline for NR PEI  and is expected to be re-used as much as possible for RRC_IDLE. New mechanism very similar to WUS assistance information may be needed to support the NR PEI.
Proposal 1: CT1 starts stage3 work after normative stage2 requirements are available to support the NR PEI in RRC_IDLE. A mechanism similar to WUS assistance information (e.g., PEI Assistance Information) is expected.

Expected CT1 work 1: Support NR PEI in RRC_IDLE by leveraging WUS assistance information design.
Observation 2: Additional functionality is needed for NR PEI support in RRC_INACTIVE however the expected CT1 SPEC impacts are limited.
Proposal 2: CT1 starts stage3 work after normative stage2 requirements are available to support the NR PEI in RRC_INACTIVE.
Expected CT1 work 2: Expected impacts in CT1 to additionally further support NR PEI in RRC_INACTIVE are limited.
Observation 3: Based on expected CT1 work 1 and 2, the expected impacts are limited, thus proposing the CT1 contributions to implement PEI can be submitted under 5GProtoc17 and NR_UE_pow_sav_enh
Proposal 3: CT1 contributions to support NR PEI can be submitted under existing 5GProtoc17 and NR_UE_pow_sav_enh.
