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1. [bookmark: _Toc120549591]Introduction
In RAN1#106-b e meeting, the agreement of PDCCH based PEI was agreed as the following [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
· [bookmark: _Hlk86325414]FFS whether to supporting map PEI to 3 POs in a PF
· [bookmark: _Hlk86325464]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, detailed PDCCH based paging early indication design will be discussed.
2. Discussion
2.1 Association between PEI and PO
In last meeting, the association between one PEI to multiple POs in one PF has been agreed, but whether to support one PEI mapping 3 POs in a PF and one PEI mapping POs across multiple PFs are FFS.
Regarding whether to support one PEI mapping 3 POs in a PF, our view is not support considering the complicated indication of PEI-O and DCI bit mapping. If one PEI can only indicate 3 POs, the 4 POs in a PF are divided into different PEIs and the mapping patterns are also different. For example, PEI#1 indicates the first three POs in PF#1, PEI#2 indicates the last PO in PF#1 and first two POs in PF2, PEI#3 indicates the last two POs in PF#2 and first PO in PF#3, etc. That is there are four PEI and PO mapping patterns and more configuration signalling is needed to indicate which mapping pattern is used for a given PO for UE calculating the DCI bit location. In addition, some PEI-O determination alternatives mat not work, e.g., Alt 1 which a PEI frame offset is used, but in the case POs in one PFs are mapped into two PEIs, how to define the PEI offset related to PF needs more discussion. Thus, we don’t support mapping 1 PEI to 3 POs in a PF. 
Regarding the whether to support one PEI indicating multiple POs across multiple PFs, we think it can be supported to further reduce PEI signalling overhead, especially considering PEI is also applied to RedCap UE and the number of RedCap UE is large. In this case RedCap UE may has different paging configuration with non-redcap UE which causes the increase of PO density of system, and 1 PEI associating with multiple PFs can reduce the network signalling overhead. 
Proposal 1. Don’t support mapping 1 PEI to 3 POs in a PF.
Proposal 2. Support 1 PEI indicating multiple POs across multiple PFs.
2.2 PEI-O determination
Three alternatives are proposed in last RAN1 meeting for down-selection and our preference is Alt 1. 
In comparison between Alt 1 and Alt 3, the main difference is the reference time offset is related to PF in Alt 1 but related to PO in Alt 3. Considering 1 PEI can indicate multiple POs in a PF as the above discussion, Alt 1 is simpler and reduce signalling overhead than Alt 3 which take PF as reference time not each PO.
In comparison between Alt 1 and Alt 2, Alt 2 needs more spec effort e.g., the start and end definition of L-th SS burst, the case PEI-O overlapping with SSB but Alt 1 is using the similar method as PO determination, gNB can guarantee a proper configuration to avoid the overlapping between SSB and PEI-O. In addition, as the discussion in section 2.1, we also support I PEI indicating multiple POs across multiple PFs, Alt 1 is easier to be extended to support this case e.g., only needs the determination of first PF in multiple PFs. But for Alt 2, the values of L-th SS burst are different among POs if the time gap between PF is larger than 20ms SSB periodicity.
Thus, we think Alt 1 should be supported as the determination of PEI-O location.
Proposal 3. Alt 1 is supported as the determination of PEI-O location.
[bookmark: _Hlk86519592][bookmark: _Hlk86519647]For the case (A) which 1 PEI indicating multiple POs in 1 PF, the PEI frame is determined as:
(SFNPEI + PEI_offset + PF_offset) mod T= (T div N)*(UE_ID mod N)
which the T, N and PF_offset are the same as PF configuration. 
For the case (B) which 1 PEI indicates multiple POs across multiple PFs, the PEI frame is determined as:
(SFNPEI + PEI_offset + PF_offset) mod T= [T div (N/K)]*[floor(UE_ID/K) mod (N/K)]
which K is the number of PFs associated with 1 PEI. UE_ID is replaced by floor(UE_ID/K) in this formula to guarantee the UEs in K PFs calculate the same PEI. For example, assuming N = 4 and K = 2, UE_ID = 0,1 can calculate the same PEI frame and UE_ID = 2,3 can calculate another PFI frame in the DRX cycle. Besides, if K equals to 1, this formula can fallback to (SFNPEI + PEI_offset + PF_offset) mod T= (T div N)*(UE_ID mod N).
Proposal 4. The PEI frame is determined as:
· (SFNPEI + PEI_offset + PF_offset) mod T= (T div N)*(UE_ID mod N) in case 1 PEI indicating multiple POs in 1 PF;
· (SFNPEI + PEI_offset + PF_offset) mod T= [T div (N/K)]*[floor(UE_ID/K) mod (N/K)] in case 1 PEI indicating multiple POs in K PFs.
2.3 PO and UE subgroup indication in PEI
In this section, the mapping between bit location in PEI and the wake up information for PO and subgroup is discussed.
Scenario 1: Without UE subgrouping
· Case (A): 1 PEI indicating multiple POs in 1 PF, the i_s can be used to determine the bit location in PEI, e.g., the i_sth bit in PEI is used to indicate the wake up information of i_sth PO.
· Case (B): 1 PEI indicating multiple POs in K PFs, the [k *Ns+ i_s]th bit in PEI is used to indicate the wake up information of i_sth PO in kth PO. In current spec, UE can only calculate its own PF’s SFN and PO’s index within the PF, but cannot know the index of PF associating with one PEI, i.e., k. One simple solution to calculate it is that k = SFN*N/T mod K, where SFN is the PF’s SFN, T is the DRX cycle, N is the number of PFs in one DRX cycle.
Scenario 2: With UE subgrouping
Furthermore, if UE subgrouping is configured, the UE subgrouping indication in PEI for three cases can be as the following, with the assumption of one PO contains M UE subgroups with the UE subgroup index of 0, 1, … M-1.
· Case (A): The [i_s*M+m]th bit in PEI is used to indicate wake up information of UE with subgroup index m in i_sth PO.
· Case (B): The [(SFN*N/T mod K) *Ns+ i_s]*M+m th bit in PEI is used to indicate wake up information of UE with subgroup index m in i_sth PO.
In this method, UE can implicitly calculate its wake up indication bit location in the PDCCH based PEI according to parameters for determining PF and PEI without other signalling indications. 
Proposal 5. When UE subgrouping is not configured, for one UE which PO’s index is i_s, 
· If 1 PEI indicating Ns POs in one PF, the i_sth bit in PEI is used to indicate wake up information;
· If 1 PEI indicating K*Ns POs in K PFs, the [(SFN*N/T mod K) *Ns+ i_s]th bit in PEI is used to indicate wake up information, where SFN is the UE’s PF frame.
Proposal 6. When UE subgrouping is configured, for one UE which PO’s index is i_s and subgroup index is m, where m = 0, 1, … M-1, M is the total number of subgroups in one PO,
· If 1 PEI indicating Ns POs in one PF, the [i_s*M+m]th bit in PEI is used to indicate wake up information;
· If 1 PEI indicating K*Ns POs in K PFs, the [(SFN*N/T mod K) *Ns+ i_s]*M+m th bit in PEI is used to indicate wake up information, where SFN is the UE’s PF frame.
3. Conclusions
In this contribution, PDCCH based paging early indication design are discussed, and the following proposals are made.
Proposal 1. Don’t support mapping 1 PEI to 3 POs in a PF.
Proposal 2. Support 1 PEI indicating multiple POs across multiple PFs.
Proposal 3. Alt 1 is supported as the determination of PEI-O location.
Proposal 4. The PEI frame is determined as:
· (SFNPEI + PEI_offset + PF_offset) mod T= (T div N)*(UE_ID mod N) in case 1 PEI indicating multiple POs in 1 PF;
· (SFNPEI + PEI_offset + PF_offset) mod T= [T div (N/K)]*[floor(UE_ID/K) mod (N/K)] in case 1 PEI indicating multiple POs in K PFs.
Proposal 5. When UE subgrouping is not configured, for one UE which PO’s index is i_s, 
· If 1 PEI indicating Ns POs in one PF, the i_sth bit in PEI is used to indicate wake up information;
· If 1 PEI indicating K*Ns POs in K PFs, the [(SFN*N/T mod K) *Ns+ i_s]th bit in PEI is used to indicate wake up information, where SFN is the UE’s PF frame.
Proposal 6. When UE subgrouping is configured, for one UE which PO’s index is i_s and subgroup index is m, where m = 0, 1, … M-1, M is the total number of subgroups in one PO,
· If 1 PEI indicating Ns POs in one PF, the [i_s*M+m]th bit in PEI is used to indicate wake up information;
· If 1 PEI indicating K*Ns POs in K PFs, the [(SFN*N/T mod K) *Ns+ i_s]*M+m th bit in PEI is used to indicate wake up information, where SFN is the UE’s PF frame.
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