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Introduction
The Rel-17 work item on UE power saving enhancements [1] includes the following objective for paging enhancements targeting enhanced UE power savings:
	· Specify enhancements for idle/inactive-mode UE power saving, considering system performance aspects [RAN2, RAN1]
· 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 meeting



In RAN# 93e [2], the following was agreed with regards to paging enhancements in idle/inactive mode
	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


In RAN1# 106bis-e[3], the following was agreed with regards to paging early indication design
	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
o   FFS: The unit and the range of the frame-level offset
o   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.
o   FFS: the case that a SSB burst overlaps in time with the target PO
o   FFS: L = 1, 2 or 3
o   FFS: Reference the “start” or “end” of the L-th SS burst
o   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.
o   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
o   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, we express our views on design details of PDCCH PEI.
Configuration and Design of PDCCH PEI 

Essential functionality of PEI

Based on RAN# 93e guidance [2], it is expected that RAN1 would continue to work on PDCCH based PEI design to support essential functions only. In our view, essential function for PEI only includes provided UE paging sub-grouping information. TRS availability indication can be provided by paging DCI anyways, and there is no strong need to duplicate the functionality via another DCI.

Proposal 1: Essential function of PEI includes providing indication for UE paging sub-grouping information only. 

UE sub-grouping indication
It has been agreed in RAN1 # 106bis that PEI only carries UE sub grouping information. Moreover, one PEI addressing up to 4 POs within a PF is also supported. It is still pending what can be the maximum size of the bitmap for indicating UE subgrouping information.  Some of the values considered include 16, 32 etc. Up to 8 sub groups can be supported per PO. Hence, a popular proposal was to consider 32 as the size of bitmap so that up to maximum 32 subgroups can be indicated for 4 POs. However, note that this implies the payload of PEI DCI becomes comparable to paging DCI. In order to meet the joint MDR requirement of PEI and paging DCI, PEI DCI is expected to be more robust than paging DCI. Hence, it is necessary to limit the payload of PEI DCI. We think 16 bits provides a good trade-off in terms of signaling capacity and also maintaining a smaller payload for PEI DCI. 

Proposal 2: The maximum size of the bitmap used in PEI for sub-grouping information is 16.

On the other hand, 1 PEI to 1 PO association should be baseline consideration and should be regarded as essential functionality of PEI. Although up to 4 POs can be addressed by PEI, we think at least 1 PEI to 1 PO association still needs to be agreed. It was FFS in last meeting whether multiple POs addressed by PEI could span multiple PFs. We do not see any strong need for such design flexibility. In order to maximally reuse PO monitoring procedure with respect to the PF, we think PEI functionality can also be limited to the PF containing the POs. 

Proposal 3: Support 1 PEI to 1 PO association. 
Proposal 4: One PEI addressing multiple POs across multiple PFs is not supported.


PDCCH PEI Configuration

It was agreed in RAN1 #106bis that CORESET#0 or commonControlResourceSet indicated by SIB1 can be used with dedicated search space configuration for PEI DCI format x-y. Further to this, following information can be provided: 
· A common RNTI such as P-RNTI or PEI-RNTI where the CRC of the DCI format x-y for transmission of the PDCCH based PEI is scrambled by that RNTI for monitoring the DCI format in one or more search space sets on the primary cell of the MCG
· We think P-RNTI suffices since DCI sizes of PEI DCI and paging DCI are expected to be different.
· A payload size of DCI format x-y such as by a higher layer parameter size-DCI-x-y, if the payload is configurable. Alternatively, the payload of the DCI format x-y can be fixed as well such as 12 bits. If only paging UE sub-group information is included, then fixed 12 bits seems sufficient.
· However, the maximum PEI DCI format size should be significantly smaller than that for paging DCI format to ensure overall target reliability. 
· Identifier what information will be contained in the DCI format x-y, such as the DCI format can be used to provide information on one or more of: UE sub-grouping information, TRS availability indication (if agreed). If both are included, the identification of number of bits for each of this information is also provided.
· SS set configuration
· We think by gNB configuration, use of paging search space and search space zero should be allowed.
· An offset to identify the MOs before PO
· The offset can be used to derive the MOs of PEI with respect to the start of PO or start of PF including the PO.
· CCE Aggregation Levels (ALs), such as 1, 2, 4, 8, 16, and maximum number of PDCCH candidates per CCE AL. Alternatively, these can be specified and not separately provided as configuration. Example is provided below in Table 1.

  Table 1: CCE ALs and numbers of candidates for PDCCH CSS set for PEI monitoring.


	CCE Aggregation Level 
	Number of Candidates

	4 
	4

	8 
	2

	16 
	1



Proposal 5:  Dedicated search space of PEI may include paging search space or search space zero.

Observation 1: Maximum size of PEI DCI format should be significantly smaller than that for paging DCI format to ensure overall reliability.
Proposal 6:  DCI payload of PEI can be configurable.

Proposal 7: An offset is configured to derive MOs for PEI monitoring with respect to the start of PO or start of PF containing the PO, addressed by the PEI.
Proposal 8: CCE ALs and numbers of candidates for PDCCH CSS set for PEI monitoring are as follows:

	CCE Aggregation Level 
	Number of Candidates

	4 
	4

	8 
	2

	16 
	1



Proposal 9: P-RNTI can be used for PEI DCI.
Identification of MOs for PEI monitoring

Following three alternatives were considered for identification of PEI occasion before PO.
·        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
· 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.
· 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.

Given one meeting left, our view is to maximally reuse PO monitoring procedure for PEI as well. To this end, we think identifying the start of PEI-O at an offset before the PF or the start of target PO works, i.e., Alt 3. We do not see strong need to design a PEI frame to identify start of PEI-O as in Alt 1. How many SSBs can be received between PEI and PO can be up to gNB configuration. On the other hand, taking SSB as reference point is possible however then we would need a quite different design, requiring multiple offsets definition and expected PS gain may not be significant anyways, e.g., when UE may need to process multiple SSBs before PEI in some implementations. Moreover, it also seems to restrict gNB flexibility in placing PEI-O as well.

Proposal 10. 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, where the reference time can be one of the following: the first MO of the target PO, or the start of the PF for the target PO.


UE Behavior upon detecting PEI
Behv-A such as follows was agreed in RAN# 93e
· Behv-A:  
· PEI indicates UE should monitor a PO if UE’s group/subgroup is paged
· UE is not required to monitor a PO if UE does not detect PEI at all PEI occasion(s) for the PO

If TRS availability indication by PEI is agreed, it needs to be discussed whether following TRS availability indication by PEI is dependent on whether UE is indicated to monitor a PO by PEI. In our view, a UE may detect the PEI and follow the TRS availability indication (if agreed and provided in PEI) regardless of whether same PEI indicates wake up or not for UE’s paging group or sub-group. In other words, following the TRS availability indication by PEI can be independent of whether PEI includes wake up information of the UE’s paging group /sub-group or not. 

Proposal 11: UE may follow TRS availability indication (if agreed) by PEI regardless of whether UE is indicated to monitor PO or not by the same PEI.


Conclusions
In summary, we have following list of observation and proposals:

Observation 1: Maximum size of PEI DCI format should be significantly smaller than that for paging DCI format to ensure overall reliability.

Proposal 1: Essential function of PEI includes providing indication for UE paging sub-grouping information only. 
Proposal 2: The maximum size of the bitmap used in PEI for sub-grouping information is 16.

Proposal 3: Support 1 PEI to 1 PO association. 
Proposal 4: One PEI addressing multiple POs across multiple PFs is not supported.

Proposal 5:  Dedicated search space of PEI may include paging search space or search space zero.

Proposal 6:  DCI payload of PEI can be configurable.

Proposal 7: An offset is configured to derive MOs for PEI monitoring with respect to the start of PO or start of PF containing the PO, addressed by the PEI.
Proposal 8: CCE ALs and numbers of candidates for PDCCH CSS set for PEI monitoring are as follows:

	CCE Aggregation Level 
	Number of Candidates

	4 
	4

	8 
	2

	16 
	1


Proposal 9: P-RNTI can be used for PEI DCI.

Proposal 10. 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, where the reference time can be one of the following: the first MO of the target PO, or the start of the PF for the target PO.
Proposal 11: UE may follow TRS availability indication (if agreed) by PEI regardless of whether UE is indicated to monitor PO or not by the same PEI.
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