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Introduction
In RAN1#106bis-e, some conclusion on paging enhancements were reached [1].   
	Agreement
For NR Rel-17, paging indications to UE subgroups are carried only in PEI.
[bookmark: _GoBack]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


In this contribution, we will provide our views on the design of PDCCH-based PEI. 
Design of PDCCH-based PEI
DCI format
In RAN1#106bis-e [1], companies have made the following agreement,
	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


According to TS38.304, a PF includes Ns POs, and the possible values of Ns are 1, 2, or 4. If PEI is PO-specific, the network will have to send Ns individual PEIs per radio frame, which will increase the overhead of network side and increase the probability of collision between PEI and other PDCCH transmissions. Therefore, it is recommended that one PEI can be associated with multiple POs.
Since in most deployment scenarios, the paging occasion (Ns) in a paging frame is equal to 1, the design of the PEI associated with Ns POs will result in a large number of padding bits in the DCI format. Therefore, we prefer to the design of one PEI associated with N POs instead of Ns POs. The value of N can be the multiple of Ns. What's more, N can be configured by SIB. Multiple POs which is corresponding to one PEI can be within a single PF or across multiple PFs.
Proposal 1: One PEI associated with N POs and N can be the multiple of Ns.
Regarding the DCI size, considering that the maximum number of sub-groups is 8, we prefer the DCI size to be a multiple of 8. If the DCI indicates a maximum of 4 POs, the maximum DCI size is 32 bits. If the PEI can also include 3 bits to provide "systemInfoModification", "etwsAndCmasIndication" and TRS L1 availability indication, the maximum number of DCI bits is 35 bits.
Proposal 2: The maximum number of total bits in PEI DCI format is 35 bit.
For RNTI, if the DCI size is always different from DCI format 1_0, the P-RNTI can be reused, otherwise the new RNTI value can be introduced.
Proposal 3: [bookmark: _Ref9377][bookmark: OLE_LINK1]P-RNTI should be supported.
Search space
In RAN1#106bis-e [1], companies have made the following agreement,
	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


As the DCI sizes of paging PDCCH and PEI are different, PEI can reuse pagingSearchSpace with SearchSpaceId> 0, and this will not introduce additional network resource overhead and protocol workload.
In some SS/PBCH block and CORESET multiplexing modes, the monitoring occasion of searchSpaceSetZero may be before the corresponding SSB. This makes the UE need to receive earlier SS bursts to achieve synchronization, which is not beneficial to UE power saving gain. Therefore, searchSpaceZero should not be supported.
Proposal 4: [bookmark: OLE_LINK2][bookmark: OLE_LINK7]Reusing pagingSearchSpace with SearchSpaceId> 0.
Proposal 5: SearchSpaceZero cannot be supported.
PEI occasion
In RAN1#106bis-e [1], companies have made the following agreement,
	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  


In the previous meeting, companies have discussed and evaluated that one SSB could reduce the CFO for PEI decoding to a reasonable range. Therefore, PEI can be placed after the first SSB associated with the PO. Assuming that there are 3 SSBs before the PO, the first SSB associated with the PO refers to the third closest SSB to the PO, which is shown in the Figure 1. As a result, SSB should be the reference time for PEI. In fact, gNB can also configure which SSB should be the reference. Based on the analysis, if we want to get the PEI location, at least a time offset between the associated SSB and start of the PEI monitoring window, and duration for window should be defined.
Since the number of POs associated with a PEI may be less than the number of POs associated with an SSB burst set, for example, a PEI can be associated with up to 4 POs but an SSB burst set can be associated with 8 POs. POs in one DRX Cycle should be divided into multiple groups. The reference time of the PEI associated with the first PO groups should be the SSB, and the reference of the PEI associated with the remaining groups should be the corresponding PO. Therefore, the time offset should be extended to an time offset set, which include offset1~offsetX, X depends on the number of PO groups. Figure 1 shows an offset set, including offset1 and offset2, where offset 1 refers to the offset between the PEI monitoring occasion and the SSB, and offset2 refers to the offset between the PEI monitoring occasion and the first PO of the second PO group.
[bookmark: OLE_LINK6]For more flexibility, the number of POs that one PEI can be associated with can also be configured by gNB. 
[image: ]
Figure 1
As shown in Figure 2, PEI should support multiple beams like PO. The number of PEI MOs is equal to the number of PO MOs.
[image: ]
Figure 2
Proposal 6: [bookmark: OLE_LINK4]An offset set and monitoring window can be defined for the PEI-O
Proposal 7: PEI should support multiple beams


Conclusion
In this contribution,  we discuss the design of PEI. We have the following proposals. 
Proposal 1: One PEI associated with N POs and N can be the multiple of Ns.
Proposal 2: The maximum number of total bits in PEI DCI format is 35 bit.
Proposal 3: P-RNTI should be supported.
Proposal 4: Reusing pagingSearchSpace with SearchSpaceId> 0.
Proposal 5: SearchSpaceZero cannot be supported.
Proposal 6: An offset set and monitoring window can be defined for the PEI-O
Proposal 7: PEI should support multiple beams
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