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[bookmark: _Hlk510705081]The release 17 work item on UE power saving enhancements [1] includes the following objective: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 meeting

CRs to introduce the functionality to RAN1 specification were agreed in RAN#94e [38.212, 38.213]

In this contribution we touch upon some remaining open items related to support of PDCCH-based PEI. 
PDCCH-based PEI design
In this section we discuss the functionality related to PDCCH-based PEI design, monitoring behaviour and PDCCH configurations. 
In RAN1#105e, following agreement were reached in relation of subgroups per PO:
	Agreement:
For UE subgroups indication in physical layer, maximum of 8 subgroups per PO is supported.

Agreement:
For paging indication to the subgroups in a PO,
1. For PDCCH-based PEI, subgroups in a PO are indicated by one PEI
0. One bit in the DCI payload indicating one UE subgroup is supported 
0. FFS: Whether code-point based mapping is utilized, and, if so, how to map to the subgroups in a PO
1. For SSS-based PEI, subgroups in a PO are indicated by a set of sequence realizations
1. FFS: Sequence mapping design for supporting up to 8 subgroups per PO
0. Physical-layer configuration(s) and sequence generation design are subject to no impact to initial access and RRM measurements of legacy UEs
1. For TRS/CSI-RS-based PEI, subgroups in a PO can be indicated by the following alternatives
2. Alt 1: One TRS sequence with orthogonal cover as PEI transmitted in the PEI monitoring occasion where one orthogonal cover of the PEI indicates one subgroup or combination of subgroups
0. FFS: Design details for the orthogonal cover
2. Alt 2: A set of TRS sequences indicating the subgroups with one selected sequence transmitting in one TRS resource 
1. FFS: Sequence mapping design for supporting up to 8 subgroups per PO and combination of subgroups 
2. Alt 3: Multiple TRS/CSI-RS resources FDMed/TDMed /CDMed in the same monitoring occasion where one TRS/CSI-RS resource indicates one subgroup
2. Reuse Rel-15/16 CSI-RS FDM/TDM/CDM patterns for supporting up to 8 subgroups per PO
1. Note : It is RAN1 understanding that Physical-layer configuration(s) for paging early indication to the subgroups is subject to the same idle-mode reception bandwidth as CORESET-0 frequency span




Furthermore in RAN1#106bis-e following agreements were made in relation to PEI monitoring configuration:
	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
· 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 following sections, we consider the PEI monitoring occasion definition and DCI format configuration.
General aspects for PDCCH-based PEI configuration
PEI configuration is strongly associated with the paging configuration, with some differences. In this section we consider some aspects related to the PEI configuration.
In terms of paging, the network has freedom to decide in whether it sends a paging message on all cells of a tracking area and whether it sends the paging on all beams of a cell. I.e. it can be envisioned that network, based on some a priori information, can do a selection/limitation for the paged area. This would enable network to choose/prioritize in which cells or in which beams of the cells paging and PEI are sent. Therefore, similar flexibility should be allowed, i.e. the network is also expected to have freedom in terms of transmitting PEI. Of course, if PEI is configured, e.g. assuming Behv-A, UE is not expected to monitor paging unless PEI is sent.
[bookmark: _Hlk83723529]Proposal: Network flexibility to choose in which cells/beams paging is sent, should be maintained and applied also to PEI. 
Paging configuration applies to all beams associated to actually transmitted SSBs, i.e. it is assumed that there is paging monitoring occasion defined corresponding to each actually transmitted SSB. While similar approach could be taken for PEI, i.e. assume that PEI, if configured, is always configured to all the same beams as paging. However, as PEI increases the overhead, it may not be desirable to provide PEI for all ‘broadcast beams’. PEI presence results in additional signalling overhead and this may be critical for deployments using many beams (e.g. a 64 beam FR2 deployment.). Hence if the beam sweep overhead is large, it may be preferable to be able to apply the PEI only to a sub-set of broadcast beams. For example, network could choose to apply PEI only for such beams, where the expected signal quality distribution is the worst, and most power saving benefit could be obtained, while not configuring PEI for ‘beams’ where the expected signal quality is high to alleviate the overhead. To enable beam specific PEI configuration, similar bit map as for actually transmitted SSB (‘ssb-PositionsInBurst’) could be used, to active/deactivate the PEI for a given actually transmitted SSB.
Proposal: To enable/disable broadcast beam specific PEI, bit map could be used to indicate the SSBs to which the PEI is active.

PDCCH-PEI monitoring configuration
In RAN1#107e following agreements were reached related to PEI monitoring configuration:
	Agreement
For unlicensed operation,
A PEI-O is a set of 'S*X ' consecutive PDCCH monitoring occasions where 'S' is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1 and X is the nrofPDCCH-MonitoringOccasionPerSSB-InPO if configured or is equal to 1 otherwise. The [x*S+K]th PDCCH monitoring occasion for PEI in the PEI-O corresponds to the Kth transmitted SSB, where x=0,1,…,X-1, K=1,2,…,S.
· If X > 1, when the UE detects a PEI within its PEI-O, the UE is not required to monitor the subsequent monitoring occasion(s) associated with the same PEI-O
Note: The QCL reference is SSB


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 POnumPerPEI segment(s) of K bit
· K = 1, if [image: ] is absent or set to 0 or 1,
· K = [image: ], if [image: ] is configured.
· UE identifies its paging indication bit as follows:
· Let [image: ] denote the relative PO index, with starting value of 0, among the POs associated with the PEI
· [image: ] , where [image: ] are as defined in clause 7 of TS 38.304
· [image: ] when K = 1 and UE is not provided a subgroup index
· [image: ] when UE is provided a subgroup index
· UE checks the corresponding paging indication from [image: ]-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


Agreement
For PEI DCI format, defined as DCI format 2_7,
· Total number of bits for paging indication filed is POnumPerPEI, if [image: ] is absent or set to 0 or 1, and the number is [image: ], if [image: ] is configured.
· For Rel-17, UE does not expect paging indication filed size is larger than the DCI payload size
· Whether and how TRS availability indication field is included is up to Agenda Item 8.7.1.2
· Support configurable DCI payload size which should be no larger than payload size of paging DCI
· Unused bits, when applicable, are regarded as reserved bits
· Note: A smaller payload size is beneficial for PEI detection performance


Agreement
· Determination of PEI-O location for UE’s PO is based on deciding a reference point and an offset from the reference point to the start of the first PDCCH MO of the PEI-O.
o   The reference point is the start of a reference frame determined by a frame-level offset from the start of the first PF of the PF(s) associated with the PEI-O and configured via SIB for the cell.
· FFS: The range of the frame-level offset
o   There is a symbol-level offset from the reference point to the start of the first PDCCH MO of PEI-O, provided by firstPDCCH-MonitoringOccasionOfPEI-O and configured via SIB for the cell.
· FFS: The range of the symbol-level offset
· Note: When PEI-O is placed close to or overlapped with an earlier SS burst before its associated POs, the total UE wake-up time can be reduced for better power saving gain. Network can configure the PEI-O location accounting the power saving benefit and potential impact on gNB flexibility.





In scope of determining the PDCCH monitoring occasions, in RAN1#106bis-e following agreement was made:
	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




Hence, the PDCCH-PEI monitoring occasions are determined as a function of PDCCH monitoring occasions defined by search space configuration. In case of paging, when search space ID is other than 0, there is also a definition of the valid PDCCH monitoring occasions i.e. only the PDCCH monitoring occasions that do not overlap with UL symbols are accounted when determining the paging monitoring occasion. The UL-DL slot configuration and SS set configuration are likely to have different periodicities (dl-UL-TransmissionPeriodicity and monitoringSlotPeriodicityAndOffset). Thus to ensure that a proper PDCCH monitoring occasion exist for each actually transmitted SSB, the PDCCH monitoring occasion defined by the peiSearchSpace colliding with UL symbols should be omitted from the determination of the possible monitoring occasions. Hence, it is proposed for SS ID≠0, that similar definition as for paging is also accounted for PEI so that PDCCH monitoring occasions that overlap with UL symbols are not accounted. 
Proposal: The PDCCH monitoring occasions defined by peiSearchSpace colliding with UL symbols are omitted from the determination of the PEI monitoring occasions. The PDCCH monitoring occasions for PEI which do not overlap with UL symbols (determined according to tdd-UL-DL-ConfigurationCommon) are sequentially numbered from zero starting from the first PDCCH monitoring occasion for paging in the PF.

In RAN1#107-e there was an agreement for the search space configuration for the non-zero search space ID (SS ID≠0):
	Agreement
‘peiSearchSpace’ can be configured to one of up to 4 common SS sets configured by commonSearchSpaceList with SearchSpaceId > 0




It was discussed but not concluded whether if searchSpaceSetZero is supported. Type0-PDCCH CSS configuration has 3 different SSB and CORESET#0 multiplexing options. For SSB and CORESET#0 multiplexing pattern1 the typical assumption is that the monitoring occasions would occur in different slots than SSB. For multiplexing pattern 2 and 3 supported for FR2, the configuring aims to concentrate the broadcast beam sweep to same slots with SSB, in time and/or frequency multiplexed manner. It has been argued that supporting searchSpaceSetZero might not be attractive as it could result in less power saving, if UE cannot use same samples from same SSB burst for SSB processing and PEI detection (in case of SSB and CORESET#0 multiplexing pattern 2 and 3) but could need to do these using different set of samples, implying two wake-ups. It is also good to note that with dedicated search space configuration it is also possible to enable multiplexing with SSBs. Also, with shorter SSB periodicities it may not be possible to avoid multiplexing of PEI and SSB to the same slots. The key benefit, from network perspective as noted, is the concentration of beam broadcast beam sweeps. This would seem rather relevant for higher frequency range operations thus, it would be preferable if searchSpaceSetZero is also supported. 
Proposal: Support also searchSpaceSetZero for PEI monitoring. 
As for paging monitoring, it could be considered that PEI could share the Type0-PDCCH CSS i.e. ‘peiSearchSpace’ ID is set to zero so that monitoring occasions defined in Section 13 of 38.213 would be used. In this case, it would be possible to indicate the PEI monitoring occasions corresponding to the PF/PO, via PEI-PF offset, so that the offset points to the Type0-PDCCH CSS monitoring occasions preceding the PF/PO.
Observation: If Type0-PDCCH CSS is re-used for PEI monitoring, PEI-PF offset can be used to indicate the PEI monitoring occasion corresponding to the PF/PO.

In last meeting it was agreed that the frame level offset (PEI-F_offset) from the first PF associated to the PEI to the reference frame will be introduced. Accounting different number of PFs (while max. two can be associated to one PEI) and the desire to place PEI close to the SSB, range of different offset values should be supported. To enable good placement of PEI (close to a SSB) it should be also possible to extend the range to place the PEI beyond the closest SSB. The SSB periodicity can be configured among set {5,10,20,40,80,160}ms and after UE has done the initial cell selection, there are no restrictions to the SSB periodicity (for initial cell selection UE assumes that the half-frames containing SSBs occur every 2 frames). If it is desirable to have PEI close to the SSB, there should be some flexibility to select the offset to set the reference frame location. In addition, the UL-DL slot periodicity is at max 20ms thus the range should account this as well. It is good to note that the minimum value could be subject to further discussion if minimum time offset between PEI and PO is agreed.
Proposal: PEI frame offset (PEI-F_offset) could be defined in radio frames, and be separate for each PEI, with range of {1,2,3,…,15,16}.
To complete the PEI monitoring occasion defition an offset from the reference frame, a symbol level offset (firstPDCCH-MonitoringOccasionOfPEI-O) was introduced to indicate the start of the first PDCCH monitoring occasions. The range of the symbol level offset was left open. For paging monitoring design, there are multiple different offsets ranges covering also the case when the PFs are more frequent (e.g. every half, fourth etc. paging cycle) enabling to spread the PDCCH monitoring occasions more evenly in the paging cycle. The possible configurations are illustrated below:
	firstPDCCH-MonitoringOccasionOfPO CHOICE {
sCS15KHZoneT SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..139),
sCS30KHZoneT-SCS15KHZhalfT SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..279),
sCS60KHZoneT-SCS30KHZhalfT-SCS15KHZquarterT SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..559),
sCS120KHZoneT-SCS60KHZhalfT-SCS30KHZquarterT-SCS15KHZoneEighthT SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..1119),
sCS120KHZhalfT-SCS60KHZquarterT-SCS30KHZoneEighthT-SCS15KHZoneSixteenthT SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..2239),
sCS120KHZquarterT-SCS60KHZoneEighthT-SCS30KHZoneSixteenthT SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..4479),
sCS120KHZoneEighthT-SCS60KHZoneSixteenthT SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..8959),
sCS120KHZoneSixteenthT SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..17919)
}



As two PFs can be mapped to same PEI, it could be considered that somewhat smaller range could be considered. Assuming that granularity of the PEI-F_offset is one frame, it would be possible to ensure that the first PEI monitoring occasions falls within the frame indicated by PEI-F_offset. With this assumption the range of symbol level offset (firstPDCCH-MonitoringOccasionOfPEI-O) should at least support the range of one frame for each sub-carrier spacing. The need for additional range beyond one frame could be left to RAN2.
Proposal: PEI symbol level offset (firstPDCCH-MonitoringOccasionOfPEI-O) range could be defined to cover at least following range:
· for 15kHz sub-carrier spacing: {0,1,2,..,139}
· for 30kHz sub-carrier spacing: {0,1,2,..,279}
· for 60kHz sub-carrier spacing: {0,1,2,..,559}
· for 120kHz sub-carrier spacing: {0,1,2,..,1119}
· for 480kHz sub-carrier spacing: {0,1,2,..,4479}
· for 960kHz sub-carrier spacing: {0,1,2,..,8959}
· FFS for additional values for N>1 cases.


PDCCH-PEI DCI format configuration
It was agreed in last meeting that the DCI format size for PEI can be up to the size of the DCI format 1_0 scrambled by P-RNTI. Depending on the configuration it could be possible that DCI format 2_7 and DCI format 1_0 scrambled with P-RNTI scheduling paging for some earlier PF/PO could be placed in the same slot. Hence use of P-RNTI for DCI format 2_7 does not appear practical and PEI-RNTI should be supported.
Observation: As the DCI format 2_7 size can be the same as the paging DCI size, it would be necessary to have separate RNTI for PEI.
For PEI-RNTI there are two alternatives, use either a fixed value or have a configurable value. In lack of technical arguments to introduce additional configurability, it would for sake of simplicity seem best to conclude to have fixed PEI-RNTI value.
Proposal: Introduce PEI-RNTI with fixed value.

Additional aspects for PEI.
In this section we consider some additional aspects that would need to be considered to complete the PEI design.

[bookmark: _Ref83717895]Combination of physical channels
In TS38.202 the possible combinations of physical channels that UE is expected to receive simultaneously are given. To account for the introduction of DCI format 2_7 to be monitored in IDLE and Inactive state, some updates are needed. To accommodate ‘PEI-RNTI’, corresponding “Reception Type” would need to be introduced to the set provided in Table 6.2-1 of TS38.202. Then the corresponding “Reception Type” would need to be introduced to the set of Downlink combinations for IDLE and Inactive mode in Table 6.2-2 of TS38.202. We have provided corresponding TP in Annex A at the end of this document.
Proposal: Introduce PEI-RNTI to Downlink "Reception Type" combinations of TS38.202 as per draft TP in Annex A.
Minimum time gap between PO and PEI
In last meeting it was discussed whether there would be a need to define some minimum time gap between the PO and PEI to ensure that UEs have sufficient time to process the PEI and wake-up/prepare to paging reception. While it can be understood that this relates mainly to UE processing, it also has some system implications which would be good to consider.
For UE application delay perspective, considering also the needed synchronisation, the value of the minimum gap between PEI and PO could be considered to depend on the radio conditions experienced by the UE. As it has been discussed under power saving evaluations, UE’s in low SINR may require reception of several SSBs to ensure sufficient synchronisation to receive PDSCH, where at least 3 SSBs has been considered. Hence, it would appear that the minimum time gap between PO and PEI should be such that it allows sufficient number of SSB occasions to acquire sufficient synchronisation for paging message reception. 
Observation: Minimum time gap between PO and PEI should enable UE to acquire synchronisation for paging message reception.

The UEs supporting PEI may be rather diverse, e.g. RedCap and eMBB, but also be configured with different paging cycles, and have different requirements in terms of number of SSBs to receive prior to the PO. If such diverse UEs share the same PO it may be challenging for the network to define a PEI offset, which satisfies the individual UE’s preference.
One approach to address this issue would be that the network provides more than one PEI for a given PO/PF. For example, a UE could select between two PEIs to monitor depending on the device type or configured paging cycle.
Proposal: RAN1 discuss configuration of more than one PEI per PO to accommodate different device preferences.
Impact of PEI time domain location
The placement of PEI in relation to SSB has been discussed in past meetings. As noted, having the PEI monitoring located close to the SSB could limit the time required to reception and overall activity time line from power saving perspective. When considering the PEI placements, it is good to note that the time location after the SSBs could contain also other signals relevant to the system operation. The symbols that contain SSB cannot be configured as UL symbols and in reverse PRACH occasions are valid only if they are on UL symbols. This typically leads to a configuration, where the slots where SSBs are located are mostly DL symbols (or flexible) and the slots for which PRACH are intended, are UL symbols. Due the UL/DL slot pattern configuration mechanism, together with other (UL/DL) data and control capacity related requirements, this typically results that the slot pattern has UL slots following the DL slots, and number of DL slots are that the DL slots are sufficient to cover the SSB transmission. Hence, enforcing PEI to be located right after SSBs (in different slots) would require extending the DL portion of the UL/DL slot pattern, which may not be attractive from general system operation perspective. 
Hence we agree that increasing the time difference between PEI and SSB affects the attainable power saving gain, based on the assumptions we have used in power saving evaluations (see our previous contribution in [2]), the gain is not removed, but may drop just 10 %-points.
Observation: The energy saving impact of the SSB-to-PEI offset is small considering overall UE energy consumption.
Based on the above results and observations we propose to leave the configuration of PEI location in time domain to network implementation.
Proposal: Network implementation can decide where network configures the PEI location in time domain.
Conclusion
In this contribution we have presented evaluation results for the different Early Paging Indication schemes, and made following observations and proposal:

In Section 2.1 we consider the general aspects related to PDCCH-based PEI configuration, making following proposals: 
Proposal: Network flexibility to choose in which cells/beams paging is sent, should be maintained and applied also to PEI. 
Proposal: To enable/disable broadcast beam specific PEI, bit map could be used to indicate the SSBs to which the PEI is active.
The configuration of the PEI monitoring occasions are discussed in Section 2.1.1, with following proposals:
Proposal: The PDCCH monitoring occasions defined by peiSearchSpace colliding with UL symbols are omitted from the determination of the PEI monitoring occasions. The PDCCH monitoring occasions for PEI which do not overlap with UL symbols (determined according to tdd-UL-DL-ConfigurationCommon) are sequentially numbered from zero starting from the first PDCCH monitoring occasion for paging in the PF.
Proposal: Support also searchSpaceSetZero for PEI monitoring. 
Observation: If Type0-PDCCH CSS is re-used for PEI monitoring, PEI-PF offset can be used to indicate the PEI monitoring occasion corresponding to the PF/PO.
Proposal: PEI frame offset (PEI-F_offset) could be defined in radio frames, and be separate for each PEI, with range of {1,2,3,…,15,16}.
Proposal: PEI symbol level offset (firstPDCCH-MonitoringOccasionOfPEI-O) range could be defined to cover at least following range:
· for 15kHz sub-carrier spacing: {0,1,2,..,139}
· for 30kHz sub-carrier spacing: {0,1,2,..,279}
· for 60kHz sub-carrier spacing: {0,1,2,..,559}
· for 120kHz sub-carrier spacing: {0,1,2,..,1119}
· for 480kHz sub-carrier spacing: {0,1,2,..,4479}
· for 960kHz sub-carrier spacing: {0,1,2,..,8959}
· FFS for additional values for N>1 cases.

The DCI format configuration for PDCCH-based PEI is covered in Section 2.1.2, and we make following observations and proposals:
Observation: As the DCI format 2_7 size can be same as paging DCI size, it would be preferable to have separate RNTI for PEI.
Proposal: Introduce PEI-RNTI.

Furthermore, in Section 3we discussed about other aspects that would be need to concluded complete PEI design, and made following proposals and observations:
Proposal: Introduce PEI-RNTI to Downlink "Reception Type" combinations of TS38.202 as per draft TP in Annex A.
Observation: Minimum time gap between PO and PEI should enable UE to acquire synchronisation for paging message reception.
Proposal: RAN1 discuss configuration of more than one PEI per PO to accommodate different device preferences.
Finally in Section 3.4 we consider the impact of PEI time domain location:-
Observation: The highest energy saving benefit is achieved when the PEI is located right after the last SSB prior to the PO.
Observation: The lowest energy saving benefit is achieved when the PEI is located at an offset after the last SSB, which prevents deep sleep.
Observation: The energy saving impact of the SSB-to-PEI offset is small considering overall UE energy consumption.
Proposal: Network implementation can decide where network configures the PEI location in time domain.
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Annex A TP for possible combinations of physical channels to TS38.202

Table 6.2-1: Downlink "Reception Types"
	"Reception Type"
	Physical Channel(s)
	Monitored
RNTI
	Associated
Transport Channel
	Comment

	A
	PBCH
	N/A
	BCH
	

	B
	PDCCH+PDSCH
	SI-RNTI
	DL-SCH
	Note 1

	C0
	PDCCH
	P-RNTI
	N/A
	Note 1, Note 2

	C1
	PDCCH+PDSCH
	P-RNTI
	PCH
	Note 1

	D0
	PDCCH+PDSCH
	RA-RNTI or Temporary C-RNTI or  MsgB-RNTI
	DL-SCH
	Note 3

	D1
	PDCCH+PDSCH
	C-RNTI, CS-RNTI, MCS-C-RNTI
	DL-SCH
	

	D2
	PDCCH
	C-RNTI, CS-RNTI, MCS-C-RNTI
	DL-SCH
	

	E
	PDCCH
	C-RNTI
	N/A
	Note 4

	F0
	PDCCH
	Temporary C-RNTI
	UL-SCH
	Note 3

	F1
	PDCCH
	C-RNTI, CS-RNTI, MCS-C-RNTI
	UL-SCH
	

	G
	PDCCH
	SFI-RNTI 
	N/A
	

	H
	PDCCH
	INT-RNTI 
	N/A
	

	J0
	PDCCH
	TPC-PUSCH-RNTI
	N/A
	

	J1
	PDCCH
	TPC-PUCCH-RNTI
	N/A
	

	J2
	PDCCH
	TPC-SRS-RNTI
	N/A
	

	K
	PDCCH
	SP-CSI-RNTI
	N/A
	

	L0
	PDCCH
	SL-RNTI
	SL-SCH
	

	L1
	PDCCH
	SL-CS-RNTI
	SL-SCH
	

	M
	PDCCH
	SL Semi-Persistent Scheduling V-RNTI
	SL-SCH
	Note 5

	N
	PDCCH
	PS-RNTI
	N/A
	

	O
	PDCCH
	AI-RNTI
	N/A
	

	P
	PDCCH
	[PEI-RNTI]
	N/A
	Note 1

	Note 1:	These are received from PCell only.
Note 2:	In some cases UE is only required to monitor the short message within the DCI for P-RNTI.
Note 3:	These are received from PCell or PSCell.
Note 4:	This corresponds to PDCCH-ordered PRACH. 
Note 5:	This corresponds to PDCCH scheduling LTE PC5.



Table 6.2-2: Downlink "Reception Type" combinations
	Supported Combinations 
	Comment

	PCell
	PSCell
	SCell
	

	1. RRC_IDLE

	A + (B and/or C1 and/or D0) + F0 + P
	
	
	Note 1

	2. RRC_INACTIVE

	A + (B and/or C1 and/or D0) + F0 + P
	
	
	Note 1

	3. RRC_CONNECTED

	(A + C0 + (B and/or (D0 or (m1*D1+m2*D2))) + E + F0 + n*F1 + G + H + J0 + J1 + J2 + K + O + L0 + L1 + M + N) 
	(A + (D0 or (m1*D1+m2*D2)) + E + F0 + n*F1 + G + H + J0 + J1 + J2 + K + O + N) 
	m1*D1 + m2*D2 + E + n*F1 + G + H 
+ J0 + J1 + J2 + K + O + L0 + L1 + M
	Note 2, Note 3, Note 4, Note 5, Note 6, Note 7, Note 8

	Note 1:	UE is not required to decode more than two PDSCH simultaneously, and decoding prioritization when more than two are received is up to UE implementation.
Note 2:	For PCell, UE is not required to decode SI-RNTI PDSCH simultaneously with C-RNTI PDSCH, unless in FR1.
Note 3:	Supported combinations are subject to UE capabilities for dual connectivity, carrier aggregation, receiving of group TPC commands, pre-emption indication and dynamic SFI monitoring.
Note 4:	The values of m2 ≥ 0 and n≥ 0 in the supported combinations are subject to the UE capability. 
Note 5:	Support of monitoring PDCCH with SL-RNTI, SL-CS-RNTI, SL Semi-Persistent Scheduling V-RNTI are subject to UE capability. 
Note 6:	The values of m1 ≥ 1 in the supported combinations are subject to the UE capability. 
Note 7:	In Active time, a UE is not expected to monitor the DCI format for the PDCCH scrambled by PS-RNTI.
Note 8:	The PDCCH scrambled by PS-RNTI can only be configured on the PCell and PSCell.
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