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Introduction
There are several schemes of PEI proposed, i.e. DCI-based or SSS-based or TRS/CSI-RS-based PEI.
In RAN1#105 [1], it was agreed that we should down select one scheme for PEI.
	Conclusion:
To down-select one solution for PEI physical-layer channel/signal in RAN1 #106-e, using below as a starting point:
· PDCCH-based PEI
· SSS-based PEI
· TRS/CSI-RS-based PEI
Note: Additional details for each of the above 3 solutions are encouraged for more informed down-selection
Note: further refinement of the above list is possible, e.g., by merging/further splitting, depending on significance of the commonality and/or differences


This contribution mainly focuses on the comparison of schemes of PEI. In the contribution, PDCCH-based PEI and DCI-based PEI have the same meaning.

Schemes of PEI

Power saving gain
PEI can reduce the wakeup energy overhead. As summarized by FL in RAN1#102e, 
· “Without early indication, in order to decode PDSCH successfully, UE needs to receive multiple SS burst for AGC and time/frequency tracking before PO. And due to the distributive SS bursts, UE needs to wake up multiple times before PO. The high wake-up energy overhead results in UE power consumption waste if the UE is not paged. This method can effectively save UE power by allowing UE to save unnecessary SSB processing if there is no need to receive paging data”.
It is common understanding that PEI can reduce the unnecessary SSB processing or equivalently shorten the wakeup time a prior to PO.

Evaluation result without UE subgrouping
Our evaluation of power saving gain for DCI-based PEI can be found in Appendix 5.1. According to the evaluation, in general cases, the power saving gain of PEI is about 20%. In our evaluation, the UE processing timeline for DCI-based PEI and sequence-based PEI are the same, and power model for DCI-based PEI and sequence-based PEI are the same, and thereby the power saving gain for them are similar.
Observation 1: Without UE subgrouping, the power saving gain of DCI-based PEI and sequence-based PEI are similar.

Considering UE subgrouping
From RAN2 LS [2], it can be found that RAN2 adopted network controlled subgrouping as the assumption of UE subgrouping, instead of randomization based subgrouping (UE-ID based).
	· We adopt network controlled subgrouping (based on individual UE characteristics, not specified or limited to paging probability as EUTRA, possibly with additional randomization).
· If the network chooses to not provide specific subgrouping information, there will be configuration option where subgrouping can be supported by randomization (by UE-ID).
· RAN2 also briefly discussed the number of UE subgroups per PO, and, considering it depends on which and how many UE characteristics above network controlled subgrouping will support, RAN2 could only provide an indication that the maximum number of UE subgroups per PO should be at least 8. However, RAN2 understands that it should also depend on observed power saving gain and the signalling method for indicating the subgroups (PEI and/or paging DCI) and so, potentially on the PEI design itself, therefore RAN2 leaves it to RAN1 to decide the final value.


In the evaluation of Appendix 5.1, we assume group paging rate is 10%. When group paging rate is low enough, the additional power saving gain for UE subgrouping may be too marginal. Under assumption of network controlled subgrouping, group paging rate may not be simply assumed as 10%. For example, when a UE group (in a PO) has the large number of UEs, e.g. 80 (corresponding to about 55% group paging rate for 1% per UE paging rate), network can divide a group of UEs into 8 subgroups and each subgroup has 10 UEs (corresponding to about 10% group paging rate for 1% per UE paging rate). When group gaping rate is reduced from 55% down to 10%, obviously there is power saving gain.
In RAN1#105e [1], it was agreed that PEI can indicate up to 8 subgroups per PO.
	Agreement:
For UE subgroups indication in physical layer, maximum of 8 subgroups per PO is supported.


In RAN1#105e [1], it was further agreed that how different schemes of PEI indicate the subgroups.
	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


With UE subgrouping, we do not see the different power saving gain between DCI-based PEI and sequence-based PEI.
Observation 2: With UE subgrouping, the power saving gain of DCI-based PEI and sequence-based PEI are similar.
In addition, 1 PEI mapping to N groups is similar as 1 PEI mapping to N subgroups from signaling perspective. Here, 1 PEI for DCI-based PEI is a PDCCH (namely PEI PDCCH), and 1 PEI for sequence-based PEI is a resource of multiple sequences (TDM/FDM/CDM, namely PEI resource). So, if 1 PEI mapping to N subgroups is supported, 1 PEI mapping to N group is also supported naturally.
Observation 3: if 1 PEI mapping to N subgroups is supported, 1 PEI mapping to N group is also supported naturally.

Whether PEI can be RS for T/F tracking
Some companies think the sequence-based PEI can be used as RS for T/F tracking. If the sequence-based PEI is used as RS for T/F tracking, it is useless for the case where PEI indicates no paging message, since there is no need for the further fine T/F tracking. If the sequence-based PEI is used as RS for T/F tracking for the case where PEI indicates paging message, it will used for the fine T/F tracking. For SSS-based PEI, SSS should be changed to two-column pattern. For TRS-based PEI, TRS can be used for the fine T/F tracking. However, there is no reduction of power consumption, because power consumption of processing of one SS burst for T/F tracking is similar as that of processing of PEI for T/F tracking.
Observation 4: There is no benefit if PEI can be RS for T/F tracking.
Proposal 1: For evaluation purpose, it is assumed that PEI cannot be RS for T/F tracking.

Whether PEI can be RS for RRM measurement
Some companies think the sequence-based PEI can be used for RRM measurement. In this sense, the SS burst processing before PEI in the UE processing timeline is not needed and additional power saving gain can be achieved. But, in our view, the sequence-based PEI cannot be used for RRM measurement. 
For TRS/CSI-RS based PEI, it cannot be used for RRM measurement. In discussion of the additional TRS/CSI-RS, it was concluded in RAN1#104-e [3] that the additional TRS/CSI-RS cannot be used for RRM measurement for idle/inactive UEs.
	Conclusion
From RAN1 perspective, there is no consensus on supporting RRM measurement for serving cell functionality for TRS/CSI-RS occasion(s) for idles/inactive UEs.


For SSS based PEI, it is hard be used for RRM measurement. For now, SS-RSRP is measured by SSS and PBCH DMRS.
	SS-RSRP shall be measured only among the reference signals corresponding to SS/PBCH blocks with the same SS/PBCH block index and the same physical-layer cell identity.


Furthermore, TRS/CSI-RS and SSS based PEI is in DTX manner (Behv-A), it is hard for UE to perform RRM measurement based on a RS in DTX manner.
Observation 5: PEI cannot be RS for RRM measurement.
Proposal 2: For evaluation purpose, it is assumed that PEI cannot be RS for RRM measurement.

RRM measurement for the serving cell
Since PEI cannot be RS for RRM measurement, RRM measurement based on SSB burst(s) should be considered in the evaluation assumption of UE processing timeline. Otherwise, the power saving gain will be too optimistic.
UE should perform RRM measurement for the serving cell.
The number of measurement samples
The requirement of the number of measurement samples for the sever cell is shown as follows.
	The UE shall measure the SS-RSRP and SS-RSRQ level of the serving cell and evaluate the cell selection criterion S defined in TS 38.304 [1] for the serving cell at least once every M1*N1 DRX cycle; where:
M1=2 if SMTC periodicity (TSMTC) > 20 ms and DRX cycle ≤ 0.64 second,
otherwise M1=1.
The UE shall filter the SS-RSRP and SS-RSRQ measurements of the serving cell using at least 2 measurements. Within the set of measurements used for the filtering, at least two measurements shall be spaced by, at least DRX cycle/2.


Take M1=N1=1 (FR1 and DRX cycle 1.28) as example, within the set of measurements used for the L3 filtering, at least two measurements shall be spaced by DRX cycle/2. For evaluation purpose, we can assume UE should get one measurement sample for the serving cell per DRX cycle.
SS burst for RRM measurement for the serving cell
For evaluation purpose, we can assume RRM measurement for the serving cell can be performed with the SS burst for AGC and coarse T/F tracking.
Observation 6: For evaluation purpose, it is assumed that UE should get one measurement sample for the serving cell per paging cycle.

RRM measurement for the neighboring cell
UE should perform RRM measurement for the neighboring cell occasionally (depends on the S criterion). 
The number of measurement samples
The number of measurement samples for the neighboring cell can be small than that for the serving cell.
SS burst for RRM measurement for the neighboring cell
In our view, RRM measurement for the neighboring cell for intra frequency needs the SS burst(s) of the neighboring cell within SMTC covering the SS burst(s) for AGC and coarse T/F tracking.
For the evaluation
RRM measurement for the neighboring cell may be only considered in case of paging message arriving, for the following reasons:
· RRM measurement for the neighboring cell is only necessary when the S criterion is met.
· The number of measurement samples for the neighboring cell can be small than that for the serving cell.
· RRM measurement for the neighboring cell can be relaxed.
· The evaluation can be simplified.
Observation 7: For evaluation purpose, RRM measurement for the neighboring cell may be only considered in case of paging message arriving.

From above discussion, we have the following proposal.
Proposal 3: For evaluation purpose, it is assumed that UE should perform RRM measurement for the serving cell per paging cycle.

Relaxation of RRM measurement for the serving cell
If RRM measurement for the serving cell is relaxed, UE may not to get any RRM measurement sample in a paging cycle. For DCI-based PEI, UE has to process an SS burst at least for AGC and initial T/F tracking in a paging cycle. For sequence-based PEI, due to the non-coherent receiver, UE may not process any SS burst in a paging cycle. It means that, if RRM measurement for the serving cell is relaxed, sequence-based PEI may have potentially higher power saving gain.
It could be the reason why NB-IoT/eMTC adopted sequence-based PEI. For instance, WUS configuration is a condition for RRM measurement relaxation for the serving cell.
	The UE shall meet the requirement defined for the DRX cycle length of N*DRX_cycle in Section 4.6.2.1, provided the following conditions are met:
-    WUS has been configured in the serving NB-IoT cell using WUS-Config-NB-r15, and


However, RRM measurement for the serving cell cannot be relaxed in NR, so sequence-based PEI does not have higher power saving gain then DCI-based PEI.
Observation 8: In NR, RRM measurement for serving cell cannot be relaxed, so the power saving gain of sequence-based PEI may not be higher than that of DCI-based PEI.

Gap between PEI and PO
In our evaluation in Appendix 5.1, the gap between PEI and PO can affect the power saving gain. However, due to low probability (assuming 10%) that PEI indicates wakeup, the gap between PEI and PO just affects the power saving gain slightly.

Gap between the 1st SS burst and PEI
The gap between the 1st SS burst (before PEI) and PEI can affect the duration of light sleep when PEI indicates no paging message, and thus it affects the power saving gain. Since UE has to stay the light sleep state in the gap between the 1st SS burst and PEI in each paging cycle, the gap between the 1st SS burst and PEI is dominated factor for the power saving gain due to high probability (assuming 90%) that PEI does not indicate wakeup.
In our evaluation in Appendix 5.1, the gap between the 1st SS burst and PEI is 16ms. If the gap between the 1st SS burst and PEI is changed to 1ms, the power saving gain will increase about 7% (saving 15ms light sleep with 90% probability in Appendix 5.1.7).
In this sense, 1 PEI mapping to N groups (more suitable for DCI-based PEI) has potentially higher power saving gain, since it allows a PEI to be placed very close to an SS burst. For example, if a PEI contains 8 groups (POs) in 2 PFs, and SS burst periodicity is 20ms, gNB can place a PEI right after each SS burst, and the time gap b/w SS burst and PEI can be no larger than 1ms, and thus UE has 90% probability to just process one SS burst and stay in light sleep during 1ms within each paging cycle.

Resource overhead
Evaluation results
Our evaluation for resource overhead can be found in Appendix 5.2. From the evaluation results, we find that the resource overhead of sequence-based PEI and DCI-based PEI are comparable for Behv-A, and the resource overhead of DCI-based PEI is much smaller than that of sequence-based PEI for Behv-B.
More generally, according to Table 7 and 8 in Appendix, the resource overhead per group/subgroup can be formulated in the following table.
Table 1: The resource overhead per group/subgroup
	
	Without UE subgrouping
	With UE subgrouping

	Behv-A
	Sequence-based PEI
	X_A*(paging rate of group)
	X_A*(paging rate of subgroup)

	
	DCI-based PEI
	Y_A*(paging rate of group)
	Y_A*(paging rate of group)/(number of subgroups per PEI)

	Behv-B
	Sequence-based PEI
	X_B
	X_B

	
	DCI-based PEI
	Y_B/(number of groups per PEI)
	Y_B/(number of subgroups per PEI)


Note: X_A is the required number of REs per PEI for Behv-A for sequence-based PEI; Y_A is the required number of REs per PEI for Behv-A for DCI-based PEI; X_B is the required number of REs per PEI for Behv-B for sequence-based PEI; Y_B is the required number of REs per PEI for Behv-B for DCI-based PEI.
It can be observed that for Behv-A, DCI-based PEI has comparable resource overhead compared to sequence-based PEI. Further, UE subgrouping is more suitable for DCI-based PEI, because DCI can accommodate more bits for UE subgroups.
It can be also observed that for Behv-B, DCI-based PEI has lower resource overhead than sequence-based PEI.
Observation 9: For Behv-A, DCI-based PEI has comparable resource overhead compared to sequence-based PEI. For Behv-B, DCI-based PEI has lower resource overhead than sequence-based PEI.

Resource sharing b/w PEI and legacy signals/channels
In RAN1#104bis-e and RAN1#105e, the resource sharing between PEI and legacy signals/channels was widely discussed. 
In agreement of RAN1#104bis-e [4], the semi-static and dynamic resource sharing between PEI and PDSCH of legacy UEs can be supported by all PEI schemes.
	Agreement:
Observation 1a:
For the evaluation and comparison of PEI candidate designs, the following observations for coexistence with legacy PDSCH are identified:
1. For coexistence with legacy PDSCH, semi-static resouce sharing by configuring RB-symbol-level or RE-level rate-matching patterns covering PEI REs is supported for all PEI candidate designs.
1. For coexistence with legacy PDSCH, dynamic resource sharing can be realized for all PEI candidates if PDSCH is scheduled by DCI format 1_1
1. For PDCCH based PEI, CORESET-level rate matching can be realized for the PDSCH as per mandatory capability  
1. For SSS-based PEI, CORESET-level rate matching may be realized for the PDSCH as per mandatory capability, depending on the design of SSS-based PEI and UE capability regarding number of supported CORESETs  
1. For TRS/CSI-RS based PEI, RE-level rate matching can be realized for the PDSCH as per mandatory capability
1. When PDSCH is not scheduled by DCI format 1_1, it is up to gNB implementation whether and how PEI is transmitted in PDSCH resource


In agreement of RAN1#105-e [1], the dynamic resource sharing between PEI and PDCCH of legacy UEs can be supported by all PEI schemes.
	Agreement:
Observation:
Dynamically sharing PDCCH resources of Rel-15 UEs (whether or not this is an important aspect to consider for PEI is FFS)
· For PDCCH-based PEI, 
· PEI can dynamically share resources with PDCCH for Rel-15 UEs within a PDCCH CORESET at granularity of one or more candidates 
· Exact number of multiplexed/impacted Rel-15 PDCCH candidates depends on AL used for PDCCH-based PEI and relative size of PDCCH CORESET, etc.
· For SSS-based PEI and for the case of partial overlap of CORESET and PEI
· For interleaved CORESET (such as CORESET#0), SSS-based PEI can dynamically share resources with PDCCH for Rel-15 UEs only at CORESET-level granularity
· For non-interleaved CORESET, SSS-based PEI can dynamically share resources with PDCCH for Rel-15 UEs within a PDCCH CORESET at granularity of one or more candidates
· Exact number of impacted Rel-15 PDCCH candidates depends on relative size and location of PDCCH CORESET, etc.
· For TRS/CSI-RS-based PEI and for the case of partial overlap of CORESET and PEI
· For interleaved CORESET (such as CORESET#0), TRS/CSI-RS-based PEI can dynamically share resources with PDCCH for Rel-15 UEs only at CORESET-level granularity
· For non-interleaved CORESET, TRS/CSI-RS-based can dynamically share resources with PDCCH for Rel-15 UEs within a PDCCH CORESET at candidate level granularity
· Exact number of impacted Rel-15 PDCCH candidates depends on CSI-RS mapping pattern, relative size and location of PDCCH CORESET, etc.)


We still think the dynamic resource sharing is too optimistic and heavily relies on gNB DTX and scheduling.
For resource sharing between PEI and PDSCH of legacy UE, gNB should inform the legacy UE to perform PDSCH rate matching around PEI and gNB should schedule the PDSCH with DCI format 1_1. It is still restrictive.
For collision handling between PEI and PDCCH of legacy UE, gNB should hold the PDCCH transmission to avoid the collision, and the legacy UE needs to detect the legacy PDCCH “absent” under risk of increase of false alarm rate. In the discussion of collision handing between SSS-based PEI and PDCCH of legacy UE in RAN1#104bis-e, it was argued that SSS-based PEI can be mapped to CORESET#0 like a PDCCH candidate. However, CCE-to-REG bundle mapping in CORESET#0 is in interleaving manner, so SSS-based PEI is scattered in different PDCCH candidates, and then the risk of false alarm rate is higher. 
In our view, semi-static resource sharing between PEI and legacy signals/channels is more realistic.
Observation 10: Semi-static resource sharing between PEI and legacy signals/channels is more realistic.

Resource sharing b/w PEI and additional TRS/CSI-RS
It is common understanding that the additional TRS/CSI-RS for power saving is dynamically valid to save the resource overhead. 
If dynamic resource sharing b/w PEI and the additional TRS/CSI-RS is applied, the availability of the additional TRS/CSI-RS is based on the presence of connected UEs, but the availability indicated by paging DCI or PEI or SIB may not effective in time, so the dynamic resource sharing b/w PEI and the additional TRS/CSI-RS is not so realistic. In other words, the semi-static resource sharing b/w PEI and the additional TRS/CSI-RS is more realistic.
[bookmark: _Ref494215420]Observation 11: The semi-static resource sharing b/w PEI and the additional TRS/CSI-RS is more realistic.

Collision with SS burst
For FR1, SSB and CORESET0 multiplexing patter 1 is used. SSB and PEI will confined in the CORESET0 bandwidth. The collision between SSB and CORESET0 should be considered.
When POs are dense, e.g. 4 POs in a PF, and close to an SS burst, e.g. in the same PF, how to place PEI together with the SS burst in the same PF should be discussed, especially for the extreme case where 4 POs all have paging message (i.e. no DTX of PEIs).
If 1 PEI is mapped to 1 group (PO), resource of 4 PEIs is easy to collide with the SS burst. 
If 1 PEI is mapped to N groups (POs), resource of 1 PEI is easy to avoid collision with the SS burst.
Observation 12: If 1 PEI is mapped to N groups (POs), PEI is easy to avoid collision with SS burst.

Complexity of receiver
In the previous discussion, it is evaluation assumption that UE should detect PEI under residual frequency error ±0.5ppm. In companies’ evaluation, coherent receiver is used in DCI-based PEI, i.e. channel estimation and equalization are applied in the receiver, but non-coherent receiver is used in sequence-based PEI, i.e. no channel estimation or equalization. 
For DCI-based PEI, the coherent receiver is realized in frequency domain. The coherent receiver will perform channel estimation, equalization, QPSK demodulation and decoding. The receiver is robust for the residual frequency error (possibly plus the residual timing error) with protection of equalization, QPSK demodulation and decoding.
For SSS-based PEI, the non-coherent receiver is usually realized in time domain. The non-coherent receiver can try multiple hypotheses for the residual frequency error (possibly plus the residual timing error) to improve performance. In our view, the overall complexity of the non-coherent receiver for SSS-based PEI is similar to that of the coherent receiver for DCI-based PEI.
For TRS/CSI-RS based PEI, the non-coherent receiver may be realized in frequency domain. The residual frequency error (possibly plus the residual timing error) is hard to be overcome in frequency domain if equalization is not applied. Hence, the non-coherent receiver for TRS/CSI-RS based PEI has higher complexity.
Observation 13: The non-coherent receiver for TRS/CSI-RS based PEI has higher complexity.

Comparison
From above discussion, we list the comparison among the schemes of PEI.
Table 2: Comparison among the schemes of PEI
	
	PDCCH-based PEI
	SSS-based PEI
	TRS/CSI-RS-based PEI

	Power saving gain without UE subgrouping
	Similar;
Gap b/w the 1st SS burst and PEI can be shortened (e.g. 1 PEI-PDCCH mapping to N groups) to achieve additional gain
	Similar
	Similar

	Power saving gain with UE subgrouping
	Similar;
Potential larger gain due to more bits for UE subgrouping
	Similar
	Similar

	Resource overhead
	Similar (Behv-A);
Small (Behv-B)
	Similar (Behv-A);
Large (Behv-B)
	Similar (Behv-A);
Large (Behv-B)

	Resource sharing
	Similar for dynamic sharing;
Better for semi-static sharing
	Similar for dynamic sharing
	Similar for dynamic sharing

	Complexity of receiver
	Medium (coherent receiver)
	Low (time-domain non-coherent receiver)
	High (frequency-domain non-coherent receiver)


From above table, we prefer PDCCH-based PEI.
Proposal 4: PDCCH-based PEI is supported in R17.

Conclusion
In the contribution, we have the following proposals.
Proposal 1: For evaluation purpose, it is assumed that PEI cannot be RS for T/F tracking.
Proposal 2: For evaluation purpose, it is assumed that PEI cannot be RS for RRM measurement.
Proposal 3: For evaluation purpose, it is assumed that UE should perform RRM measurement for the serving cell per paging cycle.
Proposal 4: PDCCH-based PEI is supported in R17.
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Appendix

Evaluation for power saving gain

Initial proposal for UE processing timeline
	[bookmark: _Ref48764630]Initial Proposal 3: When SINR is not high or for reduced capability UEs, the following reference UE processing timeline for a paging cycle and the corresponding evaluation are utilized:
	Operation in sequence
	Purpose
	Time duration (ms)
	Energy contribution
(power * time + energy overhead)

	SSB proc.
	AGC, coarse synchronization, serving-cell/intra-freq. RRM measurement
	2
	60 * 2

	Light sleep
	Power saving
	18
	20 * 18 + 100

	SSB proc.
	Coarse/fine synchronization, (additional serving-cell/intra-freq. RRM measurement)
	2
	50 * 2

	Light sleep
	Power saving
	18
	20 * 18 + 100

	SSB proc.
	Fine synchronization, (additional serv.-cell/intra-freq. RRM measurement)
	2
	50 * 2

	Light sleep
	Power saving
	8
	20 * 8 + 100

	PDCCH or PDCCH+PDSCH
	Paging control proc. and data proc. (if paged); 8 slots for diversity reception
	4
	Not paged: 50 * 4
Paged: 120 * 4 (subject to group paging rate, P)

	Light sleep
	Power saving
	6
	20 * 6 + 100

	Inter-freq. RRM measurement
	Inter-frequency/inter-RAT neighbor cell measurement
	5
	60 * 5

	Deep sleep
	Power saving
	1215
	1 * 1215 + 450

	Total
	1280
	200 * (1-P) + 480 * P + 3685

	Average Power Consumption = Total energy / page cycle (1280)






Power model
In RAN1#102e, the power model in idle/inactive mode was updated as follows.
	Agreements:
The following power consumption model for FR1 is utilized for the evaluations of Rel-17 UE power saving enhancements in idle/inactive mode.
· FFS: FR2 power consumption model for idle/inactive mode operations
	Power State
	Relative Power
(FR1 reference from TR 84.840)
	Relative Power 
(Idle/inactive-mode operation with reception bandwidth 20 MHz)

	Deep Sleep (PDS)
	1
	1

	Light Sleep (PLS)
	20
	20

	Micro sleep (PMS)
	45
	45

	PDCCH-only (PPDCCH)
	100
	50Note

	PDCCH + PDSCH (PPDCCH+PDSCH)
	300
	120

	PDSCH-only (PPDSCH)
	280
	112

	SSB/CSI-RS proc. (PSSB)
	100 (synchronization or serving cell measurement)
	50

	Intra-frequency RRM measurement (Pintra)
	150 (synchronous case, N=8, measurement only; Pintra, meas-only)
200 (combined search and measurement; Pintra, search+meas)
	[60] (synchronous case, N=8, measurement only; Pintra, meas-only)
[80] (combined search and measurement; Pintra, search+meas)

	Inter-frequency RRM measurement (Pinter)
	150 (measurement only per freq. layer; Pinter, meas-only)
150 (neighbor cell search power per freq. layer; Pinter, search-only)
Micro sleep power assumed for switch in/out a freq. layer
	[60] (measurement only per freq. layer; Pinter, meas-only)
[150] (neighbor cell search power per freq. layer; Pinter, search-only)
Micro sleep power assumed for switch in/out a freq. layer

	Note: Power scaling to 20MHz reception bandwidth follows the rule in Section 8.1.3 of TR 38.840, i.e., max{reference power * 0.4, 50}.






Baseline assumptions
The baseline assumptions are also agreed in RAN1#102e, e.g. SS burst configuration, paging configuration.
	Agreements:
For study of Rel-17 paging enhancement, the following are assumed as a baseline for FR1 and FR2:
· Reference configuration for FR1/FR2 as specified in Section 8.1.1/8.1.2 of TR 38.840
· Note: the setting for some PDSCH parameters may not be applicable for RedCap UEs
· Baseline paging cycle length: [1.28] second 
· SS burst related assumptions:
· 20 ms periodicity
· 2 ms duration for serving cell RRM measurement, which can overlap with the one for synchronization before PO
· FFS time/frequency tracking
· Measurement related assumptions:
· 20 ms SMTC periodicity
· 2 ms SMTC window for intra-frequency RRM measurement, assuming synchronized deployment
· [5 ms SMTC window and 6 ms measurement gap for inter-frequency RRM measurement]
· Note: RAN4 requirement assumes one frequency layer per measurement gap, and 0.5 ms is assumed for switch in/out a frequency layer
· Note: the inclusion of potential TRS/CSI-RS occasions can be considered
Agreements:
Group paging rate of 10% is assumed for the evaluation of Rel-17 paging enhancement
· FFS: Another group paging rate > 10%
· Note: If UE sub-grouping is applied, the sub-group paging rate can be reduced w.r.t. the total sub-group number for a PO



Gap between PEI and PO
In [5], companies are encouraged to declare the gap between PO and the start of the nearest SS burst. 
	Proposal: For characterizing the power saving gains with a PEI design without UE sub-grouping, companies are encouraged to report the power saving gains w.r.t. Rel-16 for the following cases, assuming at least 10% group paging rate,
· When the time offset between PO and the start of the nearest SS burst is T (ms): 
· S1 (%) where the baseline assumes 1 SS burst for synchronization before PO reception 
· S2 (%) where the baseline assumes 2 SS bursts for synchronization before PO reception
· S3 (%) where the baseline assumes 3 SS bursts for synchronization before PO reception
· Note: Considered value(s) for T is by company report.


In our view, there could be two different UE implementation if PEI indicates UE to wake up. 
· Implementation-1: UE should process the 2 SS bursts immediately after PEI and enter light sleep until PO.
· Implementation-2: UE should enter light sleep and wake up to process the 2 SS bursts close to PO.
For Implementation-1, the gap between PO and the start of the nearest SS burst does not affect power consumption. Hence, the gap between PEI and PO will influence the evaluation results.
In the following evaluations, different gap between PEI and PO are assumed.

Power consumption for “no PEI”
For evaluation purpose, we assume UE should process 3 SS bursts before PO and 1 SS burst before PEI.
Table 3: UE processing timeline and power consumption for legacy operation (no PEI)
	Operation in sequence
	Purpose
	Time duration (ms)
	Energy contribution

	
	
	
	(power * time + energy overhead)

	SSB proc.
	AGC, coarse synchronization, serving-cell/intra-freq. RRM measurement
	2
	60 * 2

	Light sleep
	Power saving
	18
	20 * 18 + 100

	SSB proc.
	Coarse/fine synchronization, (additional serving-cell/intra-freq. RRM measurement)
	2
	50 * 2

	Light sleep
	Power saving
	18
	20 * 18 + 100

	SSB proc.
	Fine synchronization, (additional serv.-cell/intra-freq. RRM measurement)
	2
	50 * 2

	Light sleep
	Power saving
	8
	20 * 8 + 100

	PDCCH or PDCCH+PDSCH
	Paging control proc. and data proc. (if paged); 8 slots for diversity reception
	4
	Not paged: 50 * 4

	
	
	
	Paged: 120 * 4 (subject to group paging rate, P)

	Light sleep
	Power saving
	6
	20 * 6 + 100

	Inter-freq. RRM measurement
	Inter-frequency/inter-RAT neighbor cell measurement
	5
	60 * 5

	Deep sleep
	Power saving
	1215
	1 * 1215 + 450

	Total
	1280
	200 * (1-P) + 480 * P + 3685


When P = 10%, the total power consumption is about 3913.

Power consumption when PEI indicates no paging message
Table 4: UE processing timeline and power consumption, when PEI indicates no paging message
	Operation in sequence
	Purpose
	Time duration (ms)
	Energy contribution

	
	
	
	(power * time + energy overhead)

	SSB proc.
	AGC, coarse synchronization, serving-cell/intra-freq. RRM measurement
	2
	60 * 2

	Light sleep
	Power saving
	16
	20 * 16 + 100

	PEI
	Early indicate whether the UE is paged
	2
	50 * 2

	SSB proc.
	Inter-frequency/inter-RAT neighbor cell measurement
	5
	60 * 5

	Deep sleep
	Power saving
	1255
	1 * 1255 + 450

	Total
	1280
	2645



Power consumption when PEI indicates paging message and the gap between PEI and PO is small
In the following evaluation, we assume the gap between PEI and PO is small and equal to about 40ms (2 SS bursts periodicities).
Table 5: UE processing timeline and power consumption, when PEI indicates paging message and the gap between PEI and PO is small
	Operation in sequence
	Purpose
	Time duration (ms)
	Energy contribution

	
	
	
	(power * time + energy overhead)

	SSB proc.
	AGC, coarse synchronization, serving-cell/intra-freq. RRM measurement
	2
	60 * 2

	Light sleep
	Power saving
	16
	20 * 16 + 100

	PEI
	Early indicate whether the UE is paged
	2
	50 * 2

	SSB proc.
	Coarse/fine synchronization, (additional serving-cell/intra-freq. RRM measurement)
	2
	50 * 2

	Light sleep
	Power saving
	18
	20 * 18 + 100

	SSB proc.
	Fine synchronization, (additional serv.-cell/intra-freq. RRM measurement)
	2
	50 * 2

	Light sleep
	Power saving
	8
	20 * 8 + 100

	PDCCH+PDSCH
	Paging control proc. and data proc. (if paged); 8 slots for diversity reception
	4
	120 * 4

	Light sleep
	Power saving
	6
	20 * 6 + 100

	Inter-freq. RRM measurement
	Inter-frequency/inter-RAT neighbor cell measurement
	5
	60 * 5

	Deep sleep
	Power saving
	1215
	1 * 1215 + 450

	Total
	1280
	5665


When P = 10%, the total power consumption is about 2645*0.9+5665*0.1, and the power saving gain is about 25%.

Power consumption when PEI indicates paging message and the gap between PEI and PO is large
In the following evaluation, we assume the gap between PEI and PO is large and equal to about 100ms (5 SS bursts periodicities).
Table 6: UE processing timeline and power consumption, when PEI indicates paging message and the gap between PEI and PO is large
	Operation in sequence
	Purpose
	Time duration (ms)
	Energy contribution

	
	
	
	(power * time + energy overhead)

	SSB proc.
	AGC, coarse synchronization, serving-cell/intra-freq. RRM measurement
	2
	60 * 2

	Light sleep
	Power saving
	16
	20 * 16 + 100

	PEI
	Early indicate whether the UE is paged
	2
	50 * 2

	SSB proc.
	Coarse/fine synchronization, (additional serving-cell/intra-freq. RRM measurement)
	2
	50 * 2

	Light sleep
	Power saving
	18
	20 * 18 + 100

	SSB proc.
	Fine synchronization, (additional serv.-cell/intra-freq. RRM measurement)
	2
	50 * 2

	Light sleep
	Power saving
	8+60=68
	20 * 68 + 100

	PDCCH+PDSCH
	Paging control proc. and data proc. (if paged); 8 slots for diversity reception
	4
	120 * 4

	Light sleep
	Power saving
	6
	20 * 6 + 100

	Inter-freq. RRM measurement
	Inter-frequency/inter-RAT neighbor cell measurement
	5
	60 * 5

	Deep sleep
	Power saving
	1155
	1 * 1215 + 450

	Total
	1280
	6865


When P = 10%, the total power consumption is about 2645*0.9+6865*0.1, and the power saving gain is about 22%. It can be observed that when the gap between PEI and PO is large, the power saving gain is reduced.
From above observation, if PEI is too far away from PO, UE would skip PEI monitoring. As well, if PEI is too close to PO, and UE cannot process 2 SS bursts after PEI, UE would skip PEI monitoring. 
Furthermore, we notice there are some factors, e.g. group paging rate, affecting power saving gain. These factors are involved in the discussion for evaluation purpose. These factors may be biased due to wireless environment. 
Therefore, it can be up to UE implementation whether to monitor PEI, if UE predicts monitoring PEI is power consumed, e.g., the gap between PEI and PO is too large, or group paging rate is too high.

Evaluation of resource overhead
It was agreed in RAN1#104e [3] for the evaluation methodology of resource overhead for PEI.
	Agreements:
For the evaluation of resource overhead with PEI candidate designs based on PDCCH, TRS/CSI-RS and SSS, companies to provide estimated overheads for PEI candidate designs based on the following factors:
1. Assumption of Behv-A/B
1. Required #REs from performance evaluations 
1. 10% group paging rate per PO as baseline; other group paging rates can be optionally considered
and based on the following assumptions with justification (up to each company)
1. Whether and how coexistence with legacy UEs is considered 
1. Whether and how indication(s) to multiple POs and/or UE subgroups by one PEI is considered
1. Whether and how multi-beam transmission is considered 


It is common understanding that the resource overhead can be modeled as follows.
Resource overhead per group/subgroup = (the required number of REs per PEI) × (PEI transmission probability) ÷ (the number of groups/subgroups per PEI).

Assumption of the required number of REs per PEI
There are two alternatives agreed in RAN1#104e [3] for performance requirement (MDR and FAR).
	Agreement:
· Take Alt 1 as mandatory, and Alt 2 as optional
Alt 1 
For the performance evaluations of PEI candidate designs based on PDCCH, TRS/CSI-RS and SSS, 
1. The following are assumed, at the SNR where the Miss-Detection Rate (MDR) of paging PDSCH is 1%, 
0. When Behv-A is assumed: 
0. The joint miss-detection rate (MDR) of PEI and paging PDCCH defined below should be no worse than 1%: 
MDR_Joint_A = MDR_PEI + (1 – MDR_PEI) MDR_PagingPDCCH
0. The False-Alarm Rate (FAR) of PEI should be no larger than [1%]
0. When Behv-B is assumed: 
1. The joint miss-detection rate (MDR) of PEI and paging PDCCH defined below should be no worse than 1%: 
MDR_Joint_B = FAR_PEI + (1 – FAR_PEI) MDR_PagingPDCCH
1. The MDR of PEI should be no larger than [1%]
0. Note: The CFO is modeled at the input of PEI detection and based on LLS assumptions agreed in RAN1 #102-e. Companies should justify the applied random range for the CFO.
1. Companies to provide:
1. Information on the utilized detection method for each PEI candidate design (e.g., non-coherent detection or coherent detection)
1. The required #REs to comply with the performance assumptions
1. The maximum number of subgroups that can be carried in PEI, subject to the performance assumptions

Alt 2 
For the performance evaluations of PEI candidate designs based on PDCCH, TRS/CSI-RS and SSS, 
1. The following are assumed, at the SNR where the Miss-Detection Rate (MDR) of paging DCI is 1%, 
1. When Behv-A is assumed: 
3. The MDR of PEI should be no larger than 0.1% 
3. The False-Alarm Rate (FAR) of PEI should be no larger than 1%
1. When Behv-B is assumed: 
4. The FAR of PEI should be no larger than 0.1%
4. The MDR of PEI should be no larger than 1%
1. Note: The CFO is modeled at the input of PEI detection and based on LLS assumptions agreed in RAN1 #102-e. Companies should justify the applied random range for the CFO.
1. Companies to provide:
2. Information on the utilized detection method for each PEI candidate design (e.g., non-coherent detection or coherent detection)
2. The required #REs to comply with the performance assumptions
2. The maximum number of subgroups that can be carried in PEI, subject to the performance assumptions


It seems there is no essential difference between Alt-1 and Alt-2. As Alt-1 is mandatory, we regard Alt-1 as the performance requirement.
· For Behv-A
· MDR_PEI=(MDR_Joint_A-MDR_PagingPDCCH)/(1-MDR_PagingPDCCH)
· If the MDR of paging PDCCH is 0.9%, to achieve the joint MDR equal to 1%, the MDR of PEI should be 0.1%.
· The FAR of PEI should be no larger than 1%.
· For Behv-B
· FAR_PEI=(MDR_Joint_B-MDR_pagingPDCCH)/(1-MDR_PagingPDCCH)
· For sequence-based PEI
· If the MDR of paging PDCCH is 1%, to achieve the joint MDR equal to 1%, the FAR of PEI should be 0. The FAR is too low for sequence-based PEI, so we use the optional assumption (Alt 2) and FRA of PEI should be 0.1%.
· For DCI-based PEI:
· If the MDR of paging PDCCH is 1%, to achieve the joint MDR equal to 1%, the FAR of PEI should be 0. We consider FAR equal to 2^(-21) for PDCCH (CRC length 24) approaching to 0.
· The MDR of PEI should be no larger than 1%.
According to the above performance requirement, the requirement number of REs in one PEI (monitoring occasion) are listed as follows.
· Behv-A
· For sequence-based PEI:
· The MDR of PEI is 0.1%, and the FAR of PEI is 1%.
· The required number of REs in one PEI is X_A, which is equal to about 200.
· For DCI-based PEI:
· The MDR of PEI is 0.1%, and the FAR of PEI is 1%.
· The required number of REs in one PEI is Y_A, which is equal to about 288. It is assumed that AL is 4, and DCI size is 12 bits. The 12 bits DCI can be used for wakeup indication of one UE group/subgroup, TRS availability etc.
· Behv-B
· For sequence-based PEI:
· The FAR of PEI is 0.1%, and the MDR of PEI is 1%.
· The required number of REs in one PEI is X_B, which is equal to about 200.
· For DCI-based PEI:
· The FAR of PEI is close to 0, and the MDR of PEI is 1%.
· The required number of REs in one PEI is Y_B, which is equal to about 288. It is assumed that AL is 4, and DCI size is 12 bits. Each bit in 12 bits DCI can be used for wakeup indication of one UE group/subgroup.
It should be noted that the required numbers of REs in one PEI for sequence-based and DCI-based are estimated under the same channel condition and SINR point. In our estimation, the SINR point is chosen to satisfy the joint MDR of PDSCH and PDCCH under assumption of “PDSCH: MCS0, TB scaling 1.0, PDCCH: AL8, 41-bit payload”.
Some companies thought that sequence-based PEI can be transmitted in Single-Frequency Network (SFN) way to form an omni-directional transmission. But the RSRP or SINR at UE side will be degraded in SFN way, and it will also influence the sequence detection which could be non-coherent detection. For fair comparison, we assume the single beam (one SSB beam) for both sequence-based PEI and DCI-based PEI.
In NB-IoT/eMTC, the UE subgroups can be differentiated by multiple sequences, i.e. single-sequence CDM mechanism (only single sequence is transmitted in a time/frequency domain resource). The MDR of multiple sequences will be raised if keeping FAR of detection of multiple sequences unchanged. To keep the MDR low enough, the resource overhead should increase. In our view, the increase of the resource overhead is nearly proportional to the number of multiple sequences. Therefore, it is hard to achieve the reduction of the resource overhead by using the single-sequence CDM mechanism.
The cell ID in the sequence or scrambling in all PEI candidate schemes (including SSS-based PEI) cannot be used to differentiate UE group/subgroup, since the cell ID is used to combat the inter-cell interference already. Otherwise, the MDR/FAR will be degraded significantly if the inter-cell interference is modeled or the system level simulation is conducted.

Assumption of PEI transmission probability
The PEI transmission probability is related to co-existence b/w PEI and legacy channels/signals.
It was agreed in RAN1#104e [3] that companies should declare whether/how PEI design can co-exist with existing channels/signals.
	Agreements:
For the evaluation and comparison of PEI candidate designs, companies to report
· Description of how PEI design can co-exist with existing channels/signals, and impact to legacy UEs. 
· Rel-15 designs for multiplexing PEI with legacy channels/signals are assumed as baseline
o   Other multiplexing method with legacy channels/signals can be additionally reported with justification


The above co-existence (resource sharing) issue was extensively discussed in RAN1#104bis-e [4]. For co-existence b/w PEI and PDCCH, there was no consensus for the description. Companies thought both sequence-based and DCI-based PEI can occupy the resource of PDCCH and the R15 UE may not be influenced in detection of PDCCH, even if there is risk of false alarm. For co-existence b/w PEI and PDSCH, the consensus was achieved that rate matching around both the sequence-based and DCI-based PEI for the legacy PDSCH can be realized, which is shown as follow.
	Agreement:
Observation 1a:
For the evaluation and comparison of PEI candidate designs, the following observations for coexistence with legacy PDSCH are identified:
1. For coexistence with legacy PDSCH, semi-static resouce sharing by configuring RB-symbol-level or RE-level rate-matching patterns covering PEI REs is supported for all PEI candidate designs.
1. For coexistence with legacy PDSCH, dynamic resource sharing can be realized for all PEI candidates if PDSCH is scheduled by DCI format 1_1
3. For PDCCH based PEI, CORESET-level rate matching can be realized for the PDSCH as per mandatory capability  
3. For SSS-based PEI, CORESET-level rate matching may be realized for the PDSCH as per mandatory capability, depending on the design of SSS-based PEI and UE capability regarding number of supported CORESETs  
3. For TRS/CSI-RS based PEI, RE-level rate matching can be realized for the PDSCH as per mandatory capability
3. When PDSCH is not scheduled by DCI format 1_1, it is up to gNB implementation whether and how PEI is transmitted in PDSCH resource


In our view, the PEI transmission probability for Behv-A and Behv-B are different.
· Behv-A
· For sequence-based PEI: 
· Dynamic rate-matching in PDSCH. The PEI transmission probability is equal to paging rate of subgroup.
· For DCI-based PEI: 
· PEI is transmitted as a Rel-15 PDCCH in a CORESET when a UE group is paged, or dynamic rate-matching in PDSCH. The PEI transmission probability is equal to paging rate of group. It is assumed that wakeup indication of UE subgroup is carried by DCI bits.
· Behv-B
· For sequence-based PEI: 
· Semi-static rate-matching in PDSCH. The PEI transmission probability is equal to 1.
· For DCI-based PEI: 
· PEI is always transmitted as a Rel-15 PDCCH in a CORESET, or semi-static rate-matching in PDSCH. The PEI transmission probability is equal to 1.

Assumption of the number of groups per PEI without subgrouping
Without UE subgrouping, the assumption of the number of groups per PEI is listed as follows.
· Behv-A
· For sequence-based PEI: 
· There is 1 group corresponding to one PEI. We assume there is one PEI associated to a PO.
· For DCI-based PEI:
· There is 1 group corresponding to one PEI. We assume there is one PEI associated to a PO.
· Behv-B
· For sequence-based PEI:
· There is 1 group corresponding to one PEI. We assume there is one PEI associated to a PO.
· For DCI-based PEI:
· There is 12 group corresponding to one PEI. We assume there is one PEI associated to 12 POs.

Evaluation results without subgrouping
The resource overhead can be evaluated as follows.
· Behv-A
· For sequence-based PEI:
· The required number of REs in one PEI could be X_A = 200.
· The PEI transmission probability is paging rate of group = 0.1.
· There is 1 group corresponding to one PEI.
· Resource overhead per group = X_A*(paging rate of group) = 200*0.1 = 20.
· For DCI-based PEI:
· The required number of REs in one PEI could be Y_A = 288.
· The PEI transmission probability is paging rate of group = 0.1.
· There is 1 group corresponding to one PEI.
· Resource overhead per group = Y_A*(paging rate of group) = 288*0.1 = 28.8.
· Behv-B
· For sequence-based PEI:
· The required number of REs in one PEI could be X_B = 200.
· The PEI transmission probability is 1.
· There is 1 group corresponding to one PEI.
· Resource overhead per group = X_B = 200.
· For DCI-based PEI:
· The required number of REs in one PEI could be Y_B = 288.
· The PEI transmission probability is 1.
· There is 12 groups corresponding to one PEI.
· Resource overhead per group = Y_B/(number of groups per PEI) = 288/12 = 24.
The following table summarize the resource overhead per group/subgroup in the above evaluation.
Table 7: The resource overhead per group/subgroup in the above evaluation
	Behv-A
	Sequence-based PEI
	X_A*(paging rate of group) = 200*0.1 = 20

	
	DCI-based PEI
	Y_A*(paging rate of group) = 288*0.1 = 28.8

	Behv-B
	Sequence-based PEI
	X_B = 200

	
	DCI-based PEI
	Y_B/(number of groups per PEI) = 288/12 = 24



Assumption of the number of groups/subgroups per PEI with subgrouping
With UE subgrouping, the assumption of the number of groups/subgroups per PEI is listed as follows.
· Behv-A
· For sequence-based PEI:
· There is 1 subgroup corresponding to one PEI. We assume there is one PEI associated to a UE subgroup.
· For DCI-based PEI:
· There is 3 subgroup corresponding to one PEI. We assume there is one PEI associated to 3 UE subgroups, and wakeup indication of UE subgroup is carried by 3 bits.
· Behv-B
· For sequence-based PEI:
· There is 1 subgroup corresponding to one PEI We assume there is one PEI associated to a UE subgroup..
· For DCI-based PEI:
· There is 12 subgroup corresponding to one PEI. We assume there is one PEI associated to 4 PO each including 3 UE subgroups, and wakeup indication of UE subgroup is carried by 12 bits.

Evaluation results with subgrouping
The resource overhead can be evaluated as follows.
· Behv-A
· For sequence-based PEI:
· The required number of REs in one PEI could be X_A = 200.
· The PEI transmission probability is paging rate of subgroup = 0.1.
· There is 1 subgroup corresponding to one PEI.
· Resource overhead per subgroup = X_A*(paging rate of subgroup) = 200*0.1 = 20.
· For DCI-based PEI:
· The required number of REs in one PEI could be Y_A = 288.
· The PEI transmission probability is paging rate of group = 0.27, which corresponds to paging rate of subgroup equal to 0.1 and there are 3 UE subgroups per PO. In another case, the PEI transmission probability is paging rate of group = 0.57, which corresponds to paging rate of subgroup equal to 0.1 and there are 8 UE subgroups per PO
· There is 3 subgroups corresponding to one PEI.
· Resource overhead per subgroup = Y_A*(paging rate of group)/(number of subgroup per PEI) = 288*0.27/3 = 26. In another case, resource overhead per subgroup = Y_A*(paging rate of group)/(number of subgroup per PEI) = 288*0.57/8 = 20.52.
· Behv-B
· For sequence-based PEI:
· The required number of REs in one PEI could be X_B = 200.
· The PEI transmission probability is 1.
· There is 1 subgroup corresponding to one PEI.
· Resource overhead per subgroup = X_B = 200.
· For DCI-based PEI:
· The required number of REs in one PEI could be Y_B = 288.
· The PEI transmission probability is 1.
· There is 12 subgroups corresponding to one PEI.
· Resource overhead per group = Y_B/(number of subgroup per PEI) = 288/12 = 24.
The following table summarize the resource overhead per group/subgroup in the above evaluation.
Table 8: The resource overhead per group/subgroup in the above evaluation
	Behv-A
	Sequence-based PEI
	X_A*(paging rate of subgroup) = 200*0.1 = 20

	
	DCI-based PEI
	Y_A*(paging rate of group)/(number of subgroups per PEI) = 288*0.27/3 = 26, or 288*0.57/8 = 20.52

	Behv-B
	Sequence-based PEI
	X_B = 200

	
	DCI-based PEI
	Y_B/(number of subgroups per PEI) = 288/12 = 24



