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Introduction
No agreements were reached for the possible paging enhancements for REL-17 in NR during RAN2#111-e but an email discussion was agreed:
[Post111-e][907][ePowSav] UE grouping (Mediatek)
	Scope: UE grouping, put solutions on the table, describe intentions / how they work (high level), and their potential to save power. Possibly take into account R1 evalaution methodology (if they have agreements on the evaluation parameters).
	Intended outcome: Report
	Deadline: Long
In this contribution the paging enhancements are discussed further. 
Discussion
PEI/WUS
PEI/WUS should not further be discussed in RAN2, because RAN2 does not have the expertise for this topic. For example: RAN2 does not have the expertise to discuss the number of SSBs that are required, which seem to the main indicator whether PEI/WUS is justified or not [1]. PEI/WUS is anyways discussed in RAN1, and parallel discussions and potentially conflicting agreements should be avoided:
Proposal 1: The benefit of PEI/WUS is not further discussed in RAN2.
Cross slot scheduling
The NW may configure one or more K0 values for DL PSCH reception in SIB1 on the initial BWP via TimeDomainResourceAllocationList IE: 
PDSCH-TimeDomainResourceAllocationList ::=  SEQUENCE (SIZE(1..maxNrofDL-Allocations)) OF PDSCH-TimeDomainResourceAllocation

PDSCH-TimeDomainResourceAllocation ::=   SEQUENCE {
    k0                                      INTEGER(0..32)  OPTIONAL,   -- Need S
…
maxNrofDL-Allocations  INTEGER ::= 16 -- Maximum number of PDSCH time domain resource allocations
The K0 values in TimeDomainResourceAllocationList IE are not only used for Paging but also System Information (SI) and Random Access (RA). In case multiple K0 values are configured in the list the UE needs to figure out by receiving the PDCCH first to determine which K0 value is actually used for that transmission (e.g. whether cross slot scheduling is used or not). This implies that when K0 is 0 is one of the configured values the UE cannot avoid receiving the PDSCH transmission that may follow in the next slot (or later).
The RAN1 evaluation assumes that there is 10% paging, i.e. with 10% probability there is a Paging message on PDSCH on the PO that the UE is monitoring. This implies that in case 0 is one of the configured values for K0 then in 9 out of 10 cases the UE is trying to receive Paging PDSCH while it is not transmitted:
Observation 1: In case multiple K0 values, including 0, are configured for DL PSCH in SIB1 power is wasted in the UE on trying to receive Paging PDSCH when it is not transmitted. 
K0 = 0 is a common configuration value, i.e. from NW scheduling perspective it may be beneficial to schedule PDCCH and PDSCH back to back. For RA it may be preferred for latency reasons. Furthermore the NW should be allowed to configure multiple values to keep the dynamic scheduling flexibility. 
It is currently not possible to keep the scheduling flexibility for SI/RA, but configure a more predictable scheduling for Paging e.g. a single K0 value (>0) or minimum K0 value for Paging. For Paging it would be beneficial if the UE has enough time to process Paging PDCCH and determine if Paging PDSCH needs to be received. 
RAN1 simulations indicate that cross slot scheduling for Paging enables the UE to save a few percent (2-3%) of the idle mode power consumption [1]. This is the power saving for the 9 out of 10 cases. It is obvious that the further power saving with grouping to avoid false paging alarms, i.e. the 1 out of 10 cases, is going to give proportional gains, i.e. very little gains in addition to the cross slot scheduling:
Observation 2: Grouping for paging is going to give little in addition to cross slot scheduling for paging.
Furthermore cross slot scheduling is a pre-requisite to make a false paging solution work: 
Observation 3: Cross slot scheduling for paging is a pre-requisite for grouping for paging
Proposal 2: Cross slot scheduling for Paging, while keeping the scheduling flexibility for SI/RA including K0=0, is supported and discussed further in RAN1.
Grouping 
Because little gain is expected from grouping for paging any agreed solution should be simple and not too many bits in the Paging PDCCH should be used (wasted). In our view at most 3 spare bits should be spent on this (because there is little gain when going from a factor 4->8): 
Proposal 3: In case a grouping for paging is agreed the solution should be simple and at most 2-3 bits in paging DCI should be used.
In our view grouping based on UE_ID is simple. Grouping based on paging probability is not simple and not justified in our view:
Proposal 4: Paging probably is not used for grouping.
Proposal 5: If needed, grouping is based on UE_ID.
In our view Paging due to mobility can potentially be a significant factor in the number of Paging messages on PDSCH that the UE receives, i.e. source for false paging. In case the first Paging attempt fails because the UE has moved, and the UE is paged in the complete TA in the next step to limit the overall paging latency, then a lot of pressure is put on the first attempt to get it right. Subscribers move and call in a somewhat predictable way, and intelligent paging strategies are possible, but they would require a substantial effort in the NW implementation, and they cannot be expected to be perfect: 
Proposal 6: If grouping is introduced, RAN2 to discuss to use one bit for mobility.
A quick outline of paging using mobility indicator:
· If the UE is monitoring paging in the cell it was last paged, and the mobility bit is set in Paging PDCCH, then the UE may skip reading following Paging PDSCH
· CN may set the mobility indicator in Paging message when the CN escalates paging, i.e. the CN does not receive paging response from the UE
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[bookmark: _Toc242573361]RAN2 is kindly asked to discuss paging enhancements: 
Proposal 1: The benefit of PEI/WUS is not further discussed in RAN2.
Observation 1: In case multiple K0 values, including 0, are configured for DL PSCH in SIB1 power is wasted in the UE on trying to receive Paging PDSCH when it is not transmitted. 
Observation 2: Grouping for paging is going to give little in addition to cross slot scheduling for paging.
Observation 3: Cross slot scheduling for paging is a pre-requisite for grouping for paging
Proposal 2: Cross slot scheduling for Paging, while keeping the scheduling flexibility for SI/RA including K0=0, is supported and discussed further in RAN1.
Proposal 3: In case a grouping for paging is agreed the solution should be simple and at most 2-3 bits in paging DCI should be used.
Proposal 4: Paging probably is not used for grouping.
Proposal 5: If needed, grouping is based on UE_ID.
Proposal 6: If grouping is introduced, RAN2 to discuss to use one bit for mobility.
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