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Introduction
In RAN1#106bis-e meeting, paging enhancements for power saving was discussed, and the following agreements were made [1].
Agreement
For NR Rel-17, paging indications to UE subgroups are carried only in PEI.
Agreement 
For PEI, a new DCI format is supported to include at least paging indications to UE group(s)/subgroups of the associated PO(s)
· One bit in the DCI payload indicating one UE subgroup of a PO or one UE group/PO
· The maximum number of total bits for paging indication field in PEI DCI format is x 
· One PEI can be configured to indicate up to 4 PO(s) in a PF
· FFS whether to supporting map PEI to 3 POs in a PF
· FFS: 1 PEI for POs across multiple PFs
· FFS: value of x
Agreement 
A PEI occasion (PEI-O) is a set of S consecutive PDCCH monitoring occasions when nrofPDCCH-MonitoringOccasionPerSSB-InPO is not configured
· S is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1
· The K-th PDCCH monitoring occasion for PEI in the PEI-O has the same QCL assumption as that of the K-th PDCCH monitoring occasion for paging in the PO.
· Note: QCL reference is SSB
· FFS: Determination of the PEI-O location 
· FFS: Support of unlicensed spectrum operation with nrofPDCCH-MonitoringOccasionPerSSB-InPO configured
Agreement 
CORESET # 0 or commonControlResourceSet in SIB1 can be used for PEI
· Note: The number of CORESETs configured for a UE follows the requirement of UE feature 3-1
Agreement 
Support configuration of a dedicated search space (‘peiSearchSpace’) for PEI
· FFS: Configuration details and whether and how to reuse legacy search space sets, including pagingSearchSpace and searchSpaceSetZero
Agreement
Determination of PEI-O location for a target PO is based on one of the following alternatives:
· Alt 1: The first PDCCH monitoring occasion of the PEI-O is provided w.r.t. the start of a reference frame determined by a frame-level offset to the PF of the target PO
· FFS: The unit and the range of the frame-level offset
· FFS: The unit and the range of the configuration for the first PDCCH monitoring occasion (e.g., to be the same as those of firstPDCCH-MonitoringOccasionOfPO)
· Alt 2: The first PDCCH monitoring occasion of the PEI-O is provided w.r.t. the L-th SS burst before the first PDCCH monitoring occasion of the target PO.
· FFS: the case that a SSB burst overlaps in time with the target PO
· FFS: L = 1, 2 or 3
· FFS: Reference the “start” or “end” of the L-th SS burst
· FFS: The unit and the range of the configuration for the first PDCCH monitoring occasion
· Alt 3: The first PDCCH monitoring occasion of the PEI-O is provided by a time offset w.r.t. a reference time for the target PO.
· FFS: The exact definition of the reference time, e.g. the first MO of the target PO, the first MO of the first PO indicated by the PEI, the start of the PF for the target PO
· FFS: The unit and the range of the time offset
· FFS: Whether any SS burst or TRS burst is needed between PEI-O and PO
· Configuration for one PEI indicating multiple POs within a PF should be taken into consideration in the determination of PEI occasion  
Decide one of the above alternatives or a single merged solution based on the alternatives in RAN1#107-e meeting.
FFS: Extension for the case one PEI indicates multiple POs across multiple PFs, if supported
In this contribution, the remaining issues on Paging enhancements for power saving are discussed.
Paging early indication for paging reception
Design of New DCI Format
In RAN1#106b e-meeting, we made the agreement that a new DCI format is supported to include at least paging indications to UE group(s)/subgroups of the associated PO(s). There are still some remaining issues on the design of new DCI format. 
· Mapping PEI to multiple POs
Network can configure more than one PO per Paging Frame (PF), if each PEI corresponds to one PO, there will be a lot of individual PEIs which will increase the PEI overhead. And the PEI for these POs will overlap each other. Up to now, one-to-many association between PEI and POs have been agreed for a PF, and the agreement “One PEI can be configured to indicate up to 4 PO(s) in a PF” was made in RAN1#106b e-meeting.
Considering the flexible configuration of PO and PF supported by the specification, the number of POs associated with one PEI should also be configured by network to adapt to different deployment scenarios. The number of POs (N) indicated by a PEI should be configured independently to the number of paging occasions (Ns) within a paging frame. In most deployment scenarios, the number of paging occasions in a paging frame is one. The maximum number of POs (Nmax) indicated by a PEI should depend on the size of the DCI format and the number of subgroups of one PO. There are four cases for the number of POs (N) indicated by a PEI:
· case1: N = 1;
· case2: 1< N < Ns (when Ns>1);
· case3: N = Ns;
· case4: Ns < N ≤Nmax;
Case1 corresponds to one-to-one mapping between PEI and PO. When Ns =1, i.e. the number of paging occasions in a paging frame is one, case1 is similar to case3, it means one PEI is associated with all the PO(s) in a PF. The number of POs associated with one PEI could also be configured flexibly, which are case2 and case4. One PEI can be associated with partial POs in a PF (case2), or associated with multiple POs across multiple PFs (case).
Proposal 1: The number of POs (N) indicated by a PEI could be configured independently to the number of paging occasions (Ns) within a paging frame, and the maximum number of POs (Nmax) indicated by a PEI should depend on the size of the DCI format and the number of subgroups of one PO.
· support map PEI to 3 POs in a PF;
· support one PEI for POs across multiple PFs.
· Maximum field size for paging indications
Considering the maximum number of subgroups is 8, we prefer to have a value multiple times of 8. In a PF, it can contain 4 POs, if the number of subgroups per PO is 8, it means we need at least 32 bits for paging indications. A heavy PEI DCI payload will cause the degradation of performance. We think the maximum filed size for paging indications should not lager than 32. If the number of subgroups for PO is a smaller value, such as 4, one PEI can be associated with up to 8 POs which across multiple PFs.
Proposal 2: The maximum number of total bits (x) for paging indication field in PEI DCI format is 32.
Proposal 3: Whether or not to introduce a new PEI-RNTI should be decided according to the value of x. 
· If x can be used for UE to distinguish PEI and paging PDCCH, P-RNTI can be reused.
Determination of PEI-O location
Based on further email discussion during RAN1#106b e-meeting, the following agreement regarding on determination of PEI-O location was made:
	Determination of PEI-O location for a target PO is based on one of the following alternatives:
· Alt 1: The first PDCCH monitoring occasion of the PEI-O is provided w.r.t. the start of a reference frame determined by a frame-level offset to the PF of the target PO
· FFS: The unit and the range of the frame-level offset
· FFS: The unit and the range of the configuration for the first PDCCH monitoring occasion (e.g., to be the same as those of firstPDCCH-MonitoringOccasionOfPO)
· Alt 2: The first PDCCH monitoring occasion of the PEI-O is provided w.r.t. the L-th SS burst before the first PDCCH monitoring occasion of the target PO.
· FFS: the case that a SSB burst overlaps in time with the target PO
· FFS: L = 1, 2 or 3
· FFS: Reference the “start” or “end” of the L-th SS burst
· FFS: The unit and the range of the configuration for the first PDCCH monitoring occasion
· Alt 3: The first PDCCH monitoring occasion of the PEI-O is provided by a time offset w.r.t. a reference time for the target PO.
· FFS: The exact definition of the reference time, e.g. the first MO of the target PO, the first MO of the first PO indicated by the PEI, the start of the PF for the target PO
· FFS: The unit and the range of the time offset
· FFS: Whether any SS burst or TRS burst is needed between PEI-O and PO
· Configuration for one PEI indicating multiple POs within a PF should be taken into consideration in the determination of PEI occasion  
Decide one of the above alternatives or a single merged solution based on the alternatives in RAN1#107-e meeting.
FFS: Extension for the case one PEI indicates multiple POs across multiple PFs, if supported.


Alts 1, 2 and 3 have the similar structure: Determination of a reference point and a time offset from the reference point to PEI-O. In principle, all the alts can work well if one PEI is only associated with one PO. When one PEI is associated with multiple POs in a PF or across multiple PFs, they are quite different.
For alt1, the reference point is the PF of the target PO. When one PEI is associated with multiple POs, a natural process is to make the PF of the first PO indicated by one PEI as the reference point. In this way, it will make all POs in a PF have the same reference point. And there are some cases: (1) 1 PEI is associated with all POs in a PF; (2) 1 PEI is associated with partial POs in a PF; (3) 1 PEI is associated with multiple POs across multiple PFs.




 
Figure 1: One PEI indicates multiple POs for alt1
(1) In case1, all POs in a PF are indicated by one PEI, the same frame-level offset and the same firstPDCCH-MonitoringOccadionOfPO are configured for the POs in a PF; (2) When 1 PEI is associated with partial POs in a PF, i.e. the number of POs associated with one PEI is smaller than the number of POs in a PF, it means POs in a PF indicated by different PEI. In this case, all POs in a PF have the same reference point, at the same time, they can also be configured with the same frame-level offset, while configured with different firstPDCCH-MonitoringOccadionOfPO for different PEI. There is also another configuration for case2, different frame-level offset is configured for the POs indicated by different PEIs, while the firstPDCCH-MonitoringOccadionOfPO can be same or not. (3) When 1 PEI can indicate POs across different PFs, if PF of first PO indicated by PEI is the reference point, all POs indicated by the PEI can be configured with same frame-level offset and firstPDCCH-MonitoringOccadionOfPO. If the number of POs indicated by PEI is not the multiple times of the number of POs in a PF, it will cause different reference point for the POs in a PF(such as PO3 and PO4 in PF2).
Another way is always making the PF of the PO indicated by one PEI as the reference point. It is OK for case1 and case2, because all the POs indicated by one PEI always have the same reference point. However, when one PEI is associated with multiple POs across multiple PFs, the POs indicated by one PEI will have different reference point. 

Observation 1: For alt1, when one PEI is associated with multiple POs, if the PF of the first PO indicated by the PEI as the reference point, all the POs indicated by one PEI will have the same reference point and the same configuration of frame-level offset and firstPDCCH-MonitoringOccadionOfPO. But it will cause POs in a PF have different reference point in some cases.
Observation 2: For alt1, when one PEI is associated with multiple POs, if the PF of PO indicated by the PEI as the reference point for this PO, all the POs in a PF will have the same reference point. But all the POs indicated by one PEI will have different reference point and configuration of frame-level offset when one PEI can indicate multiple POs across multiple PFs.
Proposal 4: For alt1, when one PEI is associated with multiple POs, we prefer the PF of the first PO indicated by the PEI as the reference point.
For alt2, the reference point is the target PO, then the first PDCCH monitoring occasion of the PEI-O is provided w.r.t. the L-th SS burst before the first PDCCH monitoring occasion of the target PO. If all the POs indicated by one PEI are located behind the same SSB, these POs will have the same configuration of L-th SSB and offset between SSB and PEI. If POs indicated by one PEI are located behind different SSBs, different parameter configuration L-th SSBs are needed for the POs indicated by one PEI.




Figure 2: One PEI indicates multiple POs for alt2
Observation 3: For alt2, when one PEI is associated with multiple POs, if all the POs indicated by one PEI are located behind the same SSB, these POs could have the same configuration of L-th SSB and offset between SSB and PEI.
Observation 3: For alt2, when one PEI is associated with multiple POs, if all the POs indicated by one PEI are located behind different SSBs, these POs need be configured with different L-th SSB.
For alt3, the reference time is associated with the target PO, such as the first MO of the target PO, the first MO of the first PO indicated by the PEI, the start of the PF for the target PO. If the reference time is the start of the PF for the target PO. Alt3 and alt1 are very similar, alt1 determines the location of PEI by two-level offset while alt3 via one-level offset. Compare with alt1 and alt2, alt3 determines the location of PEI more directly, i.e. with one offset between PEI and the reference time. Compare with alt2, alt1 and alt3 could achieve the same result (the L-th SS burst before the first PDCCH monitoring occasion of the target PO) by configuring appropriate offset between PEI and PO.
Observation 4: Alt3 determines the location of PEI via one offset between reference time and PEI, while alt1 and alt2 need two-level offset to determine the location of PEI.
Observation 5: For alt3, if the reference time is the start of the PF for the target PO / first PO indicated by one PEI, alt3 is very similar to alt1, the difference between two alts is determining the location of PEI via one-level offset or two-level offset.
Observation 6: Compare with alt2, alt1 and alt3 could achieve the same result (the L-th SS burst before the first PDCCH monitoring occasion of the target PO) by configuring appropriate offset between PEI and PO.
Proposal 5: For alt3, when one PEI is associated with multiple POs, we prefer the start of the PF for the first PO indicated by one PEI as the reference time.
Proposal 6: We prefer alt1 and alt3 when determine the location of PEI.
· When the reference time of alt3 is the start of the PF for the first PO indicated by one PEI, alt3 is a more direct way compare with alt1.

Conclusions
In this contribution, design of new DCI format and determination of PEI-O location are discussed. As summary, we have the following observations and proposals: 
Proposal 1: The number of POs (N) indicated by a PEI could be configured independently to the number of paging occasions (Ns) within a paging frame, and the maximum number of POs (Nmax) indicated by a PEI should depend on the size of the DCI format and the number of subgroups of one PO.
· support map PEI to 3 POs in a PF;
· support one PEI for POs across multiple PFs.
Proposal 2: The maximum number of total bits for paging indication field in PEI DCI format is 32.
Proposal 3: Whether or not to introduce a new PEI-RNTI should be decided according to the value of x. 
· If x can be used for UE to distinguish PEI and paging PDCCH, P-RNTI can be reused.
Observation 1: For alt1, when one PEI is associated with multiple POs, if the PF of the first PO indicated by the PEI as the reference point, all the POs indicated by one PEI will have the same reference point and the same configuration of frame-level offset and firstPDCCH-MonitoringOccadionOfPO. But it will cause POs in a PF have different reference point in some cases.
Observation 2: For alt1, when one PEI is associated with multiple POs, if the PF of PO indicated by the PEI as the reference point for this PO, all the POs in a PF will have the same reference point. But all the POs indicated by one PEI will have different reference point and configuration of frame-level offset when one PEI can indicate multiple POs across multiple PFs.
Proposal 4: For alt1, when one PEI is associated with multiple POs, we prefer the PF of the first PO indicated by the PEI as the reference point.
Observation 3: For alt2, when one PEI is associated with multiple POs, if all the POs indicated by one PEI are located behind the same SSB, these POs could have the same configuration of L-th SSB and offset between SSB and PEI.
Observation 4: For alt2, when one PEI is associated with multiple POs, if all the POs indicated by one PEI are located behind different SSBs, these POs need be configured with different L-th SSB.
Observation 5: For alt3, if the reference time is the start of the PF for the target PO / first PO indicated by one PEI, alt3 is very similar to alt1, the difference between two alts is determining the location of PEI via one-level offset or two-level offset.
Observation 6: Compare with alt2, alt1 and alt3 could achieve the same result (the L-th SS burst before the first PDCCH monitoring occasion of the target PO) by configuring appropriate offset between PEI and PO.
Proposal 5: For alt3, when one PEI is associated with multiple POs, we prefer the start of the PF for the first PO indicated by one PEI as the reference time.
Proposal 6: We prefer alt1 and alt3 when determine the location of PEI.
· They can achieve the same result of alt2 via appropriate offset between PEI and PO.
· When the reference time of alt3 is the start of the PF for the first PO indicated by one PEI, alt3 is a more direct way compare with alt1.
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