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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 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 is still open in RAN1 whether PEI and/or paging DCI would carry UE sub-grouping information for a PO. Since PDCCH PEI is agreed and PEI provides higher power saving than paging DCI when sub-grouping indication is provided, we suggest to adopt PDCCH PEI based UE sub-grouping indication. A bitmap comprising N bits can be includes in the DCI where N can be up to 8, i.e., maximum number of subgroups per PO. 

Proposal 2: When configured, PDCCH PEI provides UE paging sub-grouping indication. 
· A bitmap of size up to 8 bits can be used in the DCI.
· No other indications are provided via PDCCH-based PEI.

PEI association to one or multiple POs

In our view, 1 PEI to 1 PO association should be baseline consideration and should be regarded as essential functionality of PEI. It has been heavily debated in RAN1 104e and RAN1 105e regarding 1 PEI to multiple PO association. In our view, 1 PEI to multiple PO has the following issue. In such case, PEI may indicate sub-groups which span multiple POs. Hence, gap between PEI monitoring occasion and PO for a given UE can be large which can increase paging latency and also feasibility/practicality of such a-priori determination by gNB much ahead of a PO is questionable. Proponents argue that at high PO density scenario, one to many association is useful, such as one PEI can provide the wake-up information of one/multiple POs of one/multiple PFs, which is much suitable for high system PO density scenario. In our view, high PO density implies paging rate would most likely be higher and for this, need for PEI is questionable.

Observation 1: Need for PEI at high paging load is questionable.
· 1 PEI to multiple PO association is not an essential functionality of PEI.

Proposal 3: 1 PEI to 1 PO is supported only for Rel-17 PEI design.


PDCCH PEI Configuration

In our view, UE can be provided with the following relevant parameters as part of PDCCH PEI configuration based on new DCI format x-y, such as via SIB:
· 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
· 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. 
· 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.
· CORESET and SS set configuration
· We suggest to use CORESET 0 and paging search space for simplicity and reducing spec efforts/unnecessary higher layer signaling.
· Dedicated CORESET configuration or a separate CSS configuration is not strongly needed.
· An offset to identify the MOs before PO
· The offset can be used to derive the MOs of PEI with respect to the MOs of a 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 4:  CORESET 0 and paging search space can be used for PDCCH PEI monitoring.

Proposal 5:  Discuss DCI payload (whether it can be fixed or configurable) after agreeing on what information content can be signalled via PEI.
· Higher layer parameter on configured number of sub-groups per PO or size of the bitmap for UE sub-grouping information is needed.

Proposal 6: An offset is configured to derive MOs for PEI monitoring with respect to the MOs of PO addressed by the PEI.

Identification of MOs for PEI monitoring

In our view, paging search space can be reused in a simple manner to identify MOs for PDCCH PEI monitoring. The procedure can be as follows assuming 1 PEI to 1 PO association.

If the UE is monitoring (i_s + 1)th PO and SearchSpaceId other than 0 is configured for pagingSearchSpace, the start of monitoring occasions for PEI before (i_s + 1)th PO can be obtained as (i_s + 1)th value in firstPDCCH-MonitoringOccasionOfPO  – offset, where offset is expressed in number of MOs. In other words, S*X  MOs of PEI can be obtained at an offset before the S*X  MOs comprising the PO which is addressed by the PEI, where the first MO of the S*X MOs of PEI is obtained as   (i_s + 1)th value in firstPDCCH-MonitoringOccasionOfPO  – offset. Figure 1 shows how first MO of PEI monitoring before (i_s + 1)th PO can be obtained at an offset before the first MO of PO. In this example, it is assumed that each of PEI monitoring window and PO comprises S*X consecutive MOs in total, where 'S' is the number of actual transmitted SSBs and X is the number of PDCCH MOs per SSB, assuming multi-beam scenario.  If firstPDCCH-MonitoringOccasionOfPO is not provided, then first MO of PEI monitoring before (i_s + 1)th PO can be obtained as i_s * S*X – offset.   

[image: ]
Figure 1: Identification of MOs of PEI with paging search space before a PO, when 1 PEI is associated with 1 PO.

We do not see the necessity to couple SSB location for identifying start of MOs for PEI monitoring. Also, there is no strong need to configure or specify a minimum time gap needed between last MO of PEI monitoring and start of PO. This is up to gNB implementation. It is much simpler to reuse existing paging DCI monitoring mechanism and use start of PO as reference point to configure the offset. 

Proposal 7: PEI monitoring window includes same total number of MOs per PO, such as S*X consecutive MOs in total, where 'S' is the number of actual transmitted SSBs and X is the number of PDCCH MOs per SSB.

Proposal 8. First MO for PEI monitoring is identified at an offset before the first MO of the PO addressed by the PEI. 

Proposal 9. Do not support configuration of a minimum time gap between last MO of PEI monitoring and start of 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 10: 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 proposals  and observation:
Observation 1: Need for PEI at high paging load is questionable.
· 1 PEI to multiple PO association is not an essential functionality of PEI.


Proposal 1: Essential function of PEI includes providing indication for UE paging sub-grouping information only. 
Proposal 2: When configured, PDCCH PEI provides UE paging sub-grouping indication. 
· A bitmap of size up to 8 bits can be used in the DCI.
· No other indications are provided via PDCCH-based PEI.

Proposal 3: 1 PEI to 1 PO is supported only for Rel-17 PEI design.

Proposal 4:  CORESET 0 and paging search space can be used for PDCCH PEI monitoring.

Proposal 5:  Discuss DCI payload whether it can be fixed or configurable after agreeing on what information content can be signalled via PEI.
· Higher layer parameter on configured number of sub-groups per PO or size of the bitmap for UE sub-grouping information is needed.

Proposal 6: An offset is configured to derive MOs for PEI monitoring with respect to the MOs of PO addressed by the PEI.

Proposal 7: PEI monitoring window includes same total number of MOs per PO, such as S*X consecutive MOs in total, where 'S' is the number of actual transmitted SSBs and X is the number of PDCCH MOs per SSB.

Proposal 8. First MO for PEI monitoring is identified at an offset before the first MO of the PO addressed by the PEI. 

Proposal 9. Do not support configuration of a minimum time gap between last MO of PEI monitoring and start of PO.

Proposal 10: 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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