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Introduction
In RAN meeting #88e, the Rel-17 power saving enhancements WID identified potential paging enhancements as one of the major areas for RAN1 work [1].

	1) Specify enhancements for idle/inactive-mode UE power saving, considering system performance aspects [RAN2, RAN1]
a) Study and specify paging enhancement(s) to reduce unnecessary UE paging receptions, subject to no impact to legacy UEs [RAN2, RAN1]
· NOTE: RAN1 to check and update, if needed, evaluation methodology in RAN1 #100-2 meeting
…


In this paper, we will discuss the remaining issues of PEI design for the competition of Rel-17 paging enhancements feature.
Paging early indication design
During the RAN #93-e meeting, PDCCH-based PEI was down selected for Rel-17 paging enhancements [2]. 
	Conclusion for Issue 1.
· Support PDCCH-based PEI as the only option
•       Only essential function for PEI is support
•      New DCI format
•      Higher layer configuration, including SS
•      Details of the procedures of PEI monitoring, and identification of MOs before PO
•      Only Behv-A (per RAN1#104e agreement) is supported 
•      If TRS availability indication is agreed to be supported in both paging DCI and the DCI format for PEI, same mechanism/principle for TRS availability indication is adopted for the two DCI formats
•      Supporting TRS availability indication in DCI format for PEI shall not delay the completion of essential functionality of PEI 



Mapping of UE Group/Subgroup
In RAN1 #107-e, the following agreements were made for the mapping between PEI bits in DCI format 2_7 and UE groups or subgroups [3]. The design covered both the cases when UE subgrouping is configured and not configured.
	Agreement
Support mapping one PEI to POnumPerPEI PO(s) in one or multiple PF(s)
· POnumPerPEI is a factor of  (total PO number in a paging cycle) and configurable via SIB for the cell with the value range of {1, 2, 4, 8}
· The Maximum number of PF associated with one PEI is up to 2
· Note: Maximum number of paging indication bits in DCI format 2_7 can be kept the same for any configuration of POnumPerPEI, e.g., by applying a smaller subgroupsNumPerPO and a larger POnumPerPEI.
· Note: Larger value of POnumPerPEI can reduce the average PEI overhead per PO, but there can also cause potentially larger paging latency and larger UE power consumption due to longer UE wake-up time before PO monitoring, which can be significant with large value of (T/N).
Agreement
Confirm the following working assumption:
Working Assumption
· The paging indication field of PEI DCI format comprises of  segment(s) of K bit
· K = 1, if  is absent or set to 0 or 1,
· K =  , if  is configured.
· UE identifies its paging indication bit as follows:
· Let  denote the relative PO index, with starting value of 0, among the POs associated with the PEI
· , where  , , and are as defined in clause 7 of TS 38.304
·  when K = 1 and UE is not provided a subgroup index
·  when UE is provided a subgroup index
· UE checks the corresponding paging indication from  -th bit of the paging indication field where the starting bit index is 0
· If the corresponding paging indication value is set to ‘1’, it indicates the UE to monitor the PO
If the corresponding paging indication value is set to ‘0’, it indicates the UE is not required to monitor the PO



RAN1 #107-bis-e, the following agreements were made further for the association between the PEI-O and POs [4].
	Agreement
For whether and how to accommodate PEI-O location determination for the case POnumPerPEI is smaller than Ns, decide one of the following alternatives
· Alt-2: It is supported, and UE applies the single value in PEI-F_offset for the frame-level offset and the -th value out of  configured values in firstPDCCH-MonitoringOccasionOfPEI-O for the symbol-level offset
Note: The number of PO mapping to one PEI should be multiple of Ns when POnumPerPEI is larger than Ns
Agreement
If one PEI-O is associated with POs of 2 PFs,
· The two PFs are consecutive PFs configured in SIB
· FFS: two PFs are consecutive PFs within the same paging cycle
· Note: As an example, SFN of the first PF of the PF(s) associated with the PEI-O can be obtained by: (SFN of UE’s PF) - 



For the remaining FFS in the second agreement above, our view is the two PFs associated with a PEI-O should be within the same paging cycle. Otherwise, the example formula: (SFN of UE’s PF) -  will be problematic. 
According to the agreement ,  is 0 when the UE’s PO is within a PF with even index (i.e.,  is even) across all PFs in the paging cycle, and  is 1 when the UE’s PO is within a PF with odd index (i.e.,  is odd) across all PFs in the paging cycle when the PFs within a PF can be indexed by  = 0, 1, 2, etc. The reason is as follows. 
First, from the note of the first agreement above “Note: The number of PO mapping to one PEI should be multiple of Ns when POnumPerPEI is larger than Ns”, when two PFs are associated with the PEI-O,  is equal to . Then using the example formula (SFN of UE’s PF) - , we have 
· When  is even,  which is smaller than , so 
· When  is odd,  which is larger than  and smaller than , so 
Because a paging cycle has even number of PFs, the last PF for the paging cycle has odd index and the first PF for the paging cycle has even index as shown in the figure below. Then if two PFs from two paging cycles are associated with the same PF, they have different first PF as shown in the figure. This is apparently not correct.
[bookmark: o1]Observation 1: The main bullet of the agreement below does not provide complete information for the UE to correctly determine the first PF of two PFs associated with the PEI-O implied by the example. To resolve this issue, it needs to be further clarified that two PFs associated with same PEI-O are consecutive PFs within the same paging cycle.
	Agreement
If one PEI-O is associated with POs of 2 PFs,
· The two PFs are consecutive PFs configured in SIB
· FFS: two PFs are consecutive PFs within the same paging cycle
Note: As an example, SFN of the first PF of the PF(s) associated with the PEI-O can be obtained by: (SFN of UE’s PF) - 



[bookmark: p1]Proposal 1: If two PFs are associated with a PEI-O, the two PFs belong to the same paging cycle.


Figure 1: Two PFs associated with same PEI-O


PEI Search Space Set
In RAN1 #107-bis-e, the following working assumption was made for the configuration of PEI search space set [4].
	Working assumption
· SearchSpaceId = 0 can be configured for peiSearchSpace for the case of CORESET multiplexing pattern 2 or 3



Our observation is this working assumption has been well discussed by companies in email but did not get enough time before the end of RAN1 #107-bis-e to be officially agreed. It reflects the compromise between proponents and opponents for the proposal of allowing network to configure SearchSpaceId = 0 for peiSearchSpace. Pattern 2 and 3 for PEI PDCCH CORESET/SSB multiplexing have power saving benefits because the UE can use a single wakeup to receive both the PEI and SSB. Pattern 1 does not always provide this power saving benefit as SSB and PEI-O alignment is only enabled by certain configuration options for SearchSpaceId = 0. Based on these, companies who unconditionally supported SearchSpaceId = 0 for peiSearchSpace and companies who did not support SearchSpaceId = 0 for peiSearchSpace found the proposal in working assumption a solution acceptable to both camps. We support to make this working assumption an agreement in RAN1 #108-e. 
[image: ]
[bookmark: _Ref86927325]Figure 1: CORESET/SSB multiplexing patterns

[bookmark: p2]Proposal 2: Confirm the following working assumption: 
· SearchSpaceId = 0 can be configured for peiSearchSpace for the case of CORESET multiplexing pattern 2 or 3.

PEI for UEs not Supporting Subgrouping
There was a remaining question on whether UE that does not support subgrouping can use the paging indication field of PEI and whether this has an impact to PEI PDCCH design. Our view is for a UE not supporting subgrouping to receive the PEI PDCCH, no additional bit field needs to be added in the payload. The UE can still read the bit segment that carries paging indication for all subgroups associated with the UE’s PO. If at least one subgroup is paged (i.e., at least one bit has value 1), the UE should process the PO. This is in line with legacy paging mechanism that as long as any UE of a PO is paged or has short message to receive, all UEs of the PO will process the paging PDSCH or receive the short message.
[bookmark: p3]Proposal 3: For UE that does not support subgrouping, UE processes the associated paging occasion if any bit associated with a subgroup of the UE’s PO is set 1 in the PEI.

Conclusions
In this paper, we made the following observations and proposals for remaining issues on PEI design.
Observation 1: The main bullet of the agreement below does not provide complete information for the UE to correctly determine the first PF of two PFs associated with the PEI-O implied by the example. To resolve this issue, it needs to be further clarified that two PFs associated with same PEI-O are consecutive PFs within the same paging cycle.
	Agreement
If one PEI-O is associated with POs of 2 PFs,
· The two PFs are consecutive PFs configured in SIB
· FFS: two PFs are consecutive PFs within the same paging cycle
Note: As an example, SFN of the first PF of the PF(s) associated with the PEI-O can be obtained by: (SFN of UE’s PF) - 



Proposal 1: If two PFs are associated with a PEI-O, the two PFs belong to the same paging cycle.
Proposal 2: Confirm the following working assumption: 
· SearchSpaceId = 0 can be configured for peiSearchSpace for the case of CORESET multiplexing pattern 2 or 3.
Proposal 3: For UE that does not support subgrouping, UE processes the associated paging occasion if any bit associated with a subgroup of the UE’s PO is set 1 in the PEI.
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