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Introduction
In RAN#93-e, there agreed the following guidance for the design of paging early indication (PEI) [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 



In RAN1#106-bis-e, the following agreements are made for PEI DCI format, PEI search space configuration, PEI occasion (PEI-O) definition and determination of PEI-O location [2]:
	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
· 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 the following sections, the remaining design details are provided for the completion of PEI specification:
· Section 2: PEI DCI format design
· Section 3: Determination of PEI occasion (PEI-O) location
· Section 4: Further details on ‘peiSearchSpace’ design


PEI DCI Format design
Regarding DCI format design, there are four related issues:
1) The maximum number of bits for paging indication field in PEI DCI format
2) Whether to support mapping PEI to 3 POs in a PF
3) Whether to support 1 PEI for POs across multiple PFs
4) DCI bit mapping to multiple POs
5) RNTI for PEI DCI format

For issue 1), the DCI size has significant impact to PDCCH performance. Consequently, let us start with identified PDCCH configurations that can comply with the mandatory performance criterion from the performance observation, Observation 2a, in RAN1#104-bis-e meeting [3]: 

	Agreement:
Observation 2a:
For the evaluation and comparison of PEI candidate designs, the following summarize the identified configurations of PEI candidate designs, including pairs of the minimum required resource and maximum UE (sub)group indication capacity per PEI, that can comply with the mandatory performance metrics agreed in RAN1 #104-e:
· If Behv-A is assumed,
	Paging Setting
	PEI candidate design
	Physical-layer configuration and resource
	UE (sub)group indication capacity 
	Number of companies providing performance results

	PDSCH: MCS0, TB scaling 1.0
PDCCH: AL8, 41-bit payload
	PDCCH-based PEI
	AL4 PDCCH with 12-bit payload, occupying 288 REs
	12 bits
	5 
(HW/HiSi, OPPO, ZTE, CATT, MTK)

	
	
	AL8 PDCCH with 12-bit payload, occupying 576 REs
	12 bits
	7 
(Xiaomi, Intel, QC, Samsung, IDCC, Ericsson, vivo)

	
	
	AL8 PDCCH with 41-bit payload, occupies 576 REs
	41 bits
	1 (CATT) 

	 

	PDSCH: MCS0, TB scaling 0.5;
PDCCH: AL16, 41-bit payload
	PDCCH-based PEI
	AL8 PDCCH with 12-bit payload, occupying 576 REs
	12 bits
	4 
(OPPO, ZTE, MTK, Intel)






To justify whether 32-bit paging indication field can be accommodated, the flexibility of Aggregation Level (AL) value should be considered. If a larger AL value can be applied, a larger payload is supported as long as the corresponding PDCCH code rate, as defined below, is kept the same as the original one identified in Observation 2a. 

Consequently, we have the following observation and proposal:
[bookmark: _Ref87042975]
Observation 1: From the identified PDCCH settings that can comply with the mandatory performance criterion, Table 1 provides the performance-equivalent settings subject to the same PDCCH code rates. It is observed that 32-bit paging indication field can be accommodated without violating the performance criterion.
[bookmark: _Ref86776591][bookmark: _Ref87043333]
Proposal 1: Maximum paging indication field size X = 32 bits in PEI DCI format is supported.
[bookmark: _Ref86779343][bookmark: _Ref87043352]
Table 1: Identified PDCCH settings that can comply with the mandatory performance criterion
	Identified settings in RAN1#104-bis-e
	
	Performance-equivalent settings (same )

	(12 payload bits, 24 CRC bits, AL4)
	
	(48 payload bits, 24 CRC bits, AL8)

	(12 payload bits, 24 CRC bits, AL8)
	
	(48 payload bits, 24 CRC bits, AL16)

	(41 payload bits, 24 CRC bits, AL8)
	
	(41 payload bits, 24 CRC bits, AL8)
 No change since payload size > 32 bits already



For topic 2), whether to support mapping PEI to 3 POs in a PF, the performance impact should be considered. Since there can be 1, 2 or 4 POs in a PF, support of mapping PEI to 3 POs in a PF implies another PEI is mapped to 1 PO only. Since subgroups number is a constant for each PO and AL value is only a power of 2, the PDCCH code rates of the two PEIs will be different (e.g., higher for the PEI mapped to 3 POs). This will in turn cause unequal PEI performance for different POs. In this regard, supporting 1 PEI mapped to 3 POs in a PF should not be suggested.
[bookmark: _Ref87043483]Proposal 2: Mapping 1 PEI to 3 POs in a PF is not supported due to unequal PEI performance across POs 
· Define a constant RRC parameter, POnumPerPEI, which is a factor of Ns and has value range {1, 2, 4}.

For topic 3), whether to support 1 PEI for POs across multiple PFs, we understand the intention is to exploit the DCI indication capacity for the case there is 1 POs in a PF (Ns = 1). On the other hand, since it is network flexibility to set Ns = 2 or 4, there is no issue for network to exploit the DCI indication capacity. Since the next PO number per PEI beyond 4 is 8 (i.e., 2 PFs of Ns = 4), there will require a payload size larger than 48 bits. However, from Table 1, such a payload size is not verified by companies over the mandatory performance criterion.

[bookmark: _Ref87043511]Proposal 3: 1 PEI for POs across multiple PFs is not supported
· Note: It is network flexibility to set Ns = 2 or 4 for exploiting PEI indication capacity for multiple POs


For topic 4), DCI bit mapping to multiple POs, there will be POnumPerPEI segment(s) of subgroupsNumPerPO bit(s) in the paging indication field. From UE’s PO determination, UE will know its PO index, , in its PF. Since PONumPerPEI is a factor of Ns, UE’s paging indication therefore lies in ((i mod PONumPerPEI) + 1)th segment of the paging indication field. The simplicity is provided from supporting multiple POs in a PF.

[bookmark: _Ref87043545]Proposal 4: For the case 1 PEI indicates multiple POs in a PF,
· There are POnumPerPEI segment of subgroupsNumPerPO bit(s) in the paging indication field
· Given UE’s PO index in the PF is , UE’s paging indication lies in the 
((i mod PONumPerPEI) + 1)th segment of the paging indication field

For topic 5), RNTI for PEI DCI format, future compliance should be considered. If P-RNTI is utilized, there is limited space for future extension in order to avoid DCI size overlapping with paging DCI. Since introducing a new PEI-RNTI has little impact to network and UE, the following is therefore recommended:

[bookmark: _Ref87044286]Proposal 5: A new RNTI, PEI-RNTI, is supported for PEI DCI format


Determination of PEI-O Location
In RAN1#106-bis-e [2], there agree two PEI-O related agreements, and determination of PEI-O location is the major topic to be decided.

	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
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




Related to PEI-O location, the following design factors should be considered:
a) How to minimize total UE wake-up/sleep energy overhead when UE is not paged
b) How to avoid complexity impact (which is important for REDCAP UEs)
c) How to ensure no performance impact to paging PDSCH when UE is paged
d) How to allow flexible network configuration

Regarding design factor a), we particularly emphasize high SNR case since it is the case where PEI-O location impact UE power saving gain the most. In Figure 1, there compare 3 different PEI-O location configurations, and the corresponding UE power saving gains are provided. In Config 1, PEI-O reuses PO location, but there can only realize 1% power saving gain since the average power consumption difference is small under 10% paging rate. For Config 2, PEI-O is placed close/adjacent to SS burst, and there can realize 15% power saving gain since the light sleep/wake-up energy overhead is eliminated and UE enters deep sleep earlier. With Config 3, PEI-O overlaps SS burst for the minimum UE wake-up time, but there is only 1% additional power saving gain realized w.r.t. Config 2. This is because the PDCCH processing power for the overlapped duration should still be counted with small de-weighting factor. By the above, we have the following observation:

[bookmark: _Ref87044316]Observation 2: For UE power saving gain in high SNR case, PEI-O should be placed close/adjacent to an earlier SS burst before PO.

[image: ]
[bookmark: _Ref86851889][bookmark: _Ref87044359]Figure 1: PEI-O locations and the corresponding power saving gains (illustration only for the case UE not paged)
Regarding design factor b), how to avoid complexity impact (which is important for REDCAP UEs), there is an issue raised by HW and HiSilicon in RAN1#106-bis-e, as captured in Section 3.2 of [4] and quoted in Figure 2 below. With such PEI-O configuration, PDCCH monitoring occasion for PEI can be ahead of its associated SSB. For UE to realize power saving, i.e., avoiding additional wake-up for a previous SS burst, there will require buffering of PEI and SSB to ensure SSB processing before PEI detection. The amount of buffered PEI(s) depends on how fast UE can finish SSB processing, compensating CFO and timing offset and completing PEI detection. For REDCAP UEs, the slower processing speed implies larger buffering penalty than an eMBB UE, which conflicts the complexity reduction target for REDCAP UEs. Since the additional power saving from overlapping PEI with SSB is limited (1% as shown in Figure 1), the following observation and proposal are therefore suggested:
[bookmark: _Ref87044473]
Observation 3: There is buffering penalty to realize UE power saving with overlapped PEI-O and SS burst. The amount of buffering is even larger for a REDCAP UE than an eMBB UE due to its slower processing speed.
· Note: if REDCAP UE needs to additionally receive previous SS burst for 1st PEI to avoid buffering, the wake-up energy overhead will cause larger power consumption than legacy UEs in high SNR case. 
[bookmark: _Ref87044512]
Proposal 6: PEI-O location should be close to and after an earlier SS burst before PO
[image: ]
[bookmark: _Ref86855429][bookmark: _Ref87044551]Figure 2: PEI-O location where PDCCH monitoring occasion for PEI can be ahead of its associated SSB

Regarding design factor c), how to ensure no performance impact to paging PDSCH when UE is paged, the different CFO sensitivities for PEI and paging PDSCH should be considered. In [5], there evaluated the performances of PDCCH and PDSCH under different CFO values, and the figure is quoted below for ease of reference. As can be checked in Figure 3, PDCCH is more robust against CFO than PDSCH. Since PEI is also a PDCCH, it is reasonable UE exploits this characteristics and reduces the number of wake-ups for SS burst to save power. But, the residue CFO that UE can detect PEI may not be small enough for reliable detection of paging PDSCH. For this case, network can allow at least one SS burst or TRS between PEI-O and PO so that UE can reduce CFO for reliable paging PDSCH detection, which achieves UE power saving gain without compromised paging performance.
[bookmark: _Ref87044611]
Observation 4: PDSCH is more sensitive to CFO than PDCCH. The CFO that allows UE to detect PDCCH-based PEI may not be small enough for reliable detection of paging PDSCH.
[bookmark: _Ref87044629]
Proposal 7: Network configuration between PEI-O and PO should allow at last one SS burst or TRS for UE to further reduce CFO for reliable detection of paging PDSCH

[image: ]
[bookmark: _Ref86863897][bookmark: _Ref87044685]Figure 3: Different performance sensitivity to CFO for PDCCH and PDSCH
For design factor d), how to allow flexible network configuration, Alt 2 looks the most straightforward and flexible method that allows network to specify PEI-O location by
· Adjusting L value for providing SS burst between PEI-O and PO to ensure paging PDSCH performance
· Adjusting the time offset between SS burst and PEI-O to optimize UE power saving without complicating UE implementation

Regarding the candidate values for L and the time offset from SS burst to PEI-O, the following are suggested:
· Range of L: For high SNR case, L can be 1, i.e no SS burst is needed between PEI-O and PO. But for medium/low SNR case or REDCAP UEs with reduced antenna diversity, L can be set to 2 and 3. Since the formal case can correspond to an indoor hotspot and the latter case may represent a macro/micro cell (with REDCAP UEs), allowing the range of L to be {1, 2, 3} provides the best flexibility for network.

· Time offset from SS burst to PEI-O:
· Reference start: As shown in the Figure 1 and discussed for design factors a) and b), the best PEI-O location with balanced power saving gain and UE complexity is “adjacent to the targeted SS burst”. In this regard, that slot end of Lth earlier SS burst from PO can be the reference start.
· Range: Analogous to PO where symbol-wise granularity for the ‘firstPDCCH…’ configuration is supported, we can also consider symbol-level offset. To have PEI-O close to the SS burst/reference start and provide network flexibility, the following range is suggested: {0, 1, …, 63} symbol(s).

By the above, we have the following proposal:
[bookmark: _Ref87044726]Proposal 8: For determination of PEI-O location, the following alternative is supported:
· Alt 2: The first PDCCH monitoring occasion of the PEI-O is provided w.r.t. the L-th earlier SS burst before the first PDCCH monitoring occasion of the target PO.
· L is configurable with value in {1, 2, 3}
· The first PDCCH monitoring occasion of the PEI-O is provided by a time offset from the slot end of the reference SS burst and is configurable with value in {0, 1, 2, …, 63} symbol(s)


Further details on ‘peiSearchSpace’ design
In RAN1#107-e, there agrees to specify ‘peiSearchSpace’ details for PEI: 
	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



From the perspective of system overhead, it makes sense to reuse legacy PDCCH monitoring occasions. One possible network implementation is to reduce the number of POs and spare PDCCH resources for PEI, as illustrated in Figure 4. The penalty of increased UE paging rate has limited power consumption impact (<1% increment) to legacy UEs since the power consumption is dominated by UE wake-ups for SS burst which is not changed by PO paging rate. Although PEI-O can reuse the resources from spared PO, it may not be a preferred PEI-O location according to the investigation in Section 3. On the other hand, utilizing dedicated setting ‘peiSearchSpace’ and Alt 2 method in Section 3 can provide PEI-O location that achieves better UE power saving gain subject to the same or less PDCCH resource overhead for paging. In this regard, we can have the following observations and proposal:
[bookmark: _Ref87044790]
Observation 5: Network can spare PDCCH resources for PEI from reduced number of POs. The increased PO paging rate has limited impact (<1% increment) to legacy idle/inactive UE power consumption since it is dominated by UE wake-ups before PO, and the wake-ups are irrelevant to PO paging rate. 
[bookmark: _Ref87044799]
Observation 6: Subject to the same or less overall PDCCH resource overhead for paging, the monitoring occasions provided by pagingSearchSpace or searchSpaceSetZero may lead to inferior UE power saving gain. 
[bookmark: _Ref87044825]
Proposal 9: PEI applies dedicated search space set to optimize PEI-O location for idle/inactive UE power saving 
· Reference to legacy pagingSearchSpace or searchSpaceSetZero is not supported
[image: ]
[bookmark: _Ref87026969][bookmark: _Ref87044877]Figure 5: How network can improve idle/inactive UE power saving with less PDCCH resources for paging

Regarding additional specific design for ‘peiSearchSpace’, dedicated PDCCH monitoring occasions are likely used for PEI-O. There are two reasons for such characteristics: 1) PEI transmission should be of high priority to secure no impact to paging performance, which somehow impacts PDCCH of legacy UE multiplexed in PEI-O, and 2) when PEI is not transmitted, network can reuse the resource for PDSCH of legacy UE by leveraging dynamic CORESET-wise rate-matching which is supported as a mandatory UE capability. Because of the lower demand of PDCCH multiplexing in PEI-O, it is reasonable to reduce AL candidate values for PEI monitoring.

[bookmark: _Ref87044916]Observation 7: PEI-O is likely dedicated for PEI use since
· PEI transmission should be of high priority to secure paging performance which will impact PDCCH of legacy UE multiplexed in PEI-O
· If PEI is not transmitted, network can reuse the resource for PDSCH of legacy UEs by leveraging dynamic CORESET-wise rate-matching over PEI-O resources

[bookmark: _Ref87044966]Proposal 10: For PEI monitoring, up to 2 AL candidate values is supported


[bookmark: _Ref68686484]Summary
In this contribution, remaining design details for paging early indication (PEI) are provided. In particular, we have the following observations and proposals:

Observation 1: From the identified PDCCH settings that can comply with the mandatory performance criterion, Table 1 provides the performance-equivalent settings subject to the same PDCCH code rates. It is observed that 32-bit paging indication field can be accommodated without violating the performance criterion.

Proposal 1: Maximum paging indication field size X = 32 bits in PEI DCI format is supported.

Table 1: Identified PDCCH settings that can comply with the mandatory performance criterion
	Identified settings in RAN1#104-bis-e
	
	Performance-equivalent settings (same )

	(12 payload bits, 24 CRC bits, AL4)
	
	(48 payload bits, 24 CRC bits, AL8)

	(12 payload bits, 24 CRC bits, AL8)
	
	(48 payload bits, 24 CRC bits, AL16)

	(41 payload bits, 24 CRC bits, AL8)
	
	(41 payload bits, 24 CRC bits, AL8)
 No change since payload size > 32 bits already



Proposal 2: Mapping 1 PEI to 3 POs in a PF is not supported due to unequal PEI performance across POs
· Define a constant RRC parameter, POnumPerPEI, which is a factor of Ns and has value range {1, 2, 4}.
[bookmark: _GoBack]Proposal 3: 1 PEI for POs across multiple PFs is not supported
· Note: It is network flexibility to set Ns = 2 or 4 for exploiting PEI indication capacity for multiple POs

Proposal 4: For the case 1 PEI indicates multiple POs in a PF,
· There are POnumPerPEI segment of subgroupsNumPerPO bit(s) in the paging indication field
· Given UE’s PO index in the PF is , UE’s paging indication lies in the 
((i mod PONumPerPEI) + 1)th segment of the paging indication field

Proposal 5: A new RNTI, PEI-RNTI, is supported for PEI DCI format

Observation 2: For UE power saving gain in high SNR case, PEI-O should be placed close/adjacent to an earlier SS burst before PO.

[image: ]
Figure 1: PEI-O locations and the corresponding power saving gains (illustration only for the case UE not paged)

Observation 3: There is buffering penalty to realize UE power saving with overlapped PEI-O and SS burst. The amount of buffering is even larger for a REDCAP UE than an eMBB UE due to its slower processing speed.

Proposal 6: PEI-O location should be close to and after an earlier SS burst before PO

[image: ]
Figure 2: PEI-O location where PDCCH monitoring occasion for PEI can be ahead of its associated SSB


Observation 4: PDSCH is more sensitive to CFO than PDCCH. The CFO that allows UE to detect PDCCH-based PEI may not be small enough for reliable detection of paging PDSCH.

Proposal 7: Network configuration between PEI-O and PO should allow at last one SS burst or TRS for UE to further reduce CFO for reliable detection of paging PDSCH



[image: ]
Figure 3: Different performance sensitivity to CFO for PDCCH and PDSCH

Proposal 8: For determination of PEI-O location, the following alternative is supported:
· Alt 2: The first PDCCH monitoring occasion of the PEI-O is provided w.r.t. the L-th earlier SS burst before the first PDCCH monitoring occasion of the target PO.
· L is configurable with value in {1, 2, 3}
· The first PDCCH monitoring occasion of the PEI-O is provided by a time offset from the slot end of the reference SS burst and is configurable with value in {0, 1, 2, …, 63} symbol(s)

Observation 5: Network can spare PDCCH resources for PEI from reduced number of POs. The increased PO paging rate has limited impact (<1% increment) to legacy idle/inactive UE power consumption since it is dominated by UE wake-ups before PO, and the wake-ups are irrelevant to PO paging rate.

Observation 6: Subject to the same or less overall PDCCH resource overhead for paging, the monitoring occasions provided by pagingSearchSpace or searchSpaceSetZero may lead to inferior UE power saving gain.

Proposal 9: PEI applies dedicated search space set to optimize PEI-O location for idle/inactive UE power saving
· Reference to legacy pagingSearchSpace or searchSpaceSetZero is not supported

[image: ]
Figure 5: How network can improve idle/inactive UE power saving with less PDCCH resources for paging

Observation 7: PEI-O is likely dedicated for PEI use since
· PEI transmission should be of high priority to secure paging performance which will impact PDCCH of legacy UE multiplexed in PEI-O
· If PEI is not transmitted, network can reuse the resource for PDSCH of legacy UEs by leveraging dynamic CORESET-wise rate-matching over PEI-O resources

Proposal 10: For PEI monitoring, up to 2 AL candidate values is supported
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‘ Add PEI over some PDDCH occasion ‘ Reduce #PO to spare PDCCH occasion(s)
1 PEI for multiple POs can consume UE power consumption is
less control resources than the dominated by wake-ups before PO
spared ones from reduced POs * Increased PO paging rate only
*  PEl reduces UE wake-ups and increases <1% power for legacy UEs

achieves power saving for R17 UEs




