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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK32][bookmark: OLE_LINK20][bookmark: _Ref129681832]In RAN1#102-e, paging enhancement was discussed, and good progress on evaluation methodology and potential schemes were made. The contribution further discusses the FFS of evaluation methodology and provide the evaluation results for different paging enhancement schemes, including the power saving gains, the detection performance by LLS, and system impacts. According to the evaluation results, the early transmitted paging indication is proposed to be specified in Rel-17.
Analysis of power consumption in IDLE mode
According to our investigation, the time and power distribution of typical wearable devices (smart watch) are shown in Figure 1. It is observed that IDLE mode contributes about 60% power consumption of the daily use. Therefore, it is strongly desired to use some techniques to reduce the RedCap UE power consumption in IDLE mode. In our view, the paging enhancement and assistance RS discussed in power saving WI can also be used for RedCap UEs.

[bookmark: _Ref53758388]Figure 1 The time and power distribution of typical wearable devices
Observation 1: IDLE mode power consumption contributes significant power share of wearable devices, for which the power consumption is also intended to be reduced in the WID.
For eMBB UE (e.g. smart phone), the energy consumption of IDLE mode also occupies significant share of the whole energy consumption. This is also the reason why RRM enhancement for IDLE mode is specified in Rel-16 power saving WI. Now in Rel-17, it is worth to specify paging enhancement for IDLE mode.
Observation 2: For eMBB UE, it is worth to specify paging enhancement for IDLE mode.

Paging enhancements for IDLE mode power saving
This section illustrates the proposed schemes to reduce power consumption in IDLE/INACTIVE mode. As analyzed in our companion paper [3], the NR IDLE mode power consumption increases compared to LTE modem due to the unnecessary light sleep transitions for SSB receptions before the PO. In order to reduce the power consumption due to unnecessary light sleep state transitions, some of the paging information in legacy paging DCI could be indicated earlier before POs.
Furthermore, sub-grouping indication for a PO could be carried by the early transmitted paging information to further reduce the rate of unnecessary state transitions and paging reception. The availability of assistance RS can be also carried by the early transmitted power information for further power reduction.
[bookmark: _Ref54339728]Paging detection performance and discussion on paging procedures
In RAN1#102, the link level simulation assumptions were agreed to investigate the performance of paging reception. The link level evaluation results for PDCCH and PDSCH reception are shown in Figure 2 and Figure 3. The performance impact due to the residual frequency error are illustrated.
In the legend, ‘DCI 41 SINR-6dB’ means the simulation assumes a DCI payload (not including CRC bits) of 41 bits and SINR of -6dB. We only investigate the worst SINR case, i.e. SINR -6 dB, in this investigation. According to the simulation results, for PDCCH performance, we can observe that the PDCCH performance is quite robust with respect to the residual frequency error. Observation 3 can be obtained from the simulation.
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(a) Results for UEs using 2T4R 
	[image: ]
(b) Results for UEs using 2T2R


[bookmark: _Ref53566518]Figure 2  Link level evaluation results for PDCCH with (DCI size 41 bits + CRC 24 bits).
Observation 3: PDCCH performance does not degrade with up to 0.5ppm residual frequency error before the reception of PDCCH.
In Figure 3, similarly, the PDSCH performance impacts due to the residual frequency error are also investigated. It can be observed that the PDSCH performance is quite sensitive to the residual frequency error. Observation 4 is made accordingly.

[image: ]
[bookmark: _Ref53566527]Figure 3  Link level evaluation results for PDSCH based on the agreed evaluation assumptions.
Observation 4: To ensure lower than 10% PDSCH BLER, the residual frequency error is required to be lower than 0.21ppm for UEs using 2T4R and 0.17 ppm for UEs using 2T2R.
According to the investigation and Observation 3 and Observation 4, it can observed that before the reception of PO, the UE needs to use SS bursts for AGC and time/frequency tracking to obtain residual frequency error within 0.2 ppm for guaranteed paging PDSCH performance. Therefore, NR UEs in IDLE mode need to pre-wake-up to receive one or more SS bursts for AGC and time/frequency tracking before the corresponding PO.
[image: ]
Observation 5: UE needs to pre-wake-up for AGC and T/F tracking to receive SS bursts before the corresponding PO, which consumes additional power. 
SS bursts are transmitted in a bursty way, and the start of paging occasions are determined randomly based on higher layer UE ID. Therefore, the time gap between SS burst and the start of PO may vary from 20ms to 2ms. During this time gap, the UE usually need to transition to light sleep and transition back to reception state. This would cause additional light sleep transition which causes large power consumptions.
In RAN1#102, it was agreed that 1, 2, or 3 SS bursts is assumed before PO for paging enhancement study and companies can report the values used with justifications. 
	Agreements:
· For the study of paging enhancement, 1, 2, or 3 SS burst processing is assumed before PO
· Note: in choosing one or more values (1, 2, or 3) for the evaluations, companies to provide justification


As a further investigation, the link level evaluation results for T/F tracking performance are shown in Figure 4. It can be observed that with initial frequency error as large as 0.5ppm, to ensure that the residual frequency error for paging PDSCH reception, at least 1 SS burst is needed for 2T4R UEs, and at least 2 SS bursts are needed for 2T2R UEs. According to the discussion in RAN1#102 and contributions from companies, it is actually UE implementation regarding how many SS bursts to be received before the PO. For example, for eMBB UEs, UE can always use 1 SS burst for AGC and time/frequency tracking, but can also use only one SS burst in good coverage and two SS bursts in bad coverage. For RedCap UEs, considering the UE can only use 2R for reception, according to our investigation, the UE needs to receive at least two SS bursts before the PO. Furthermore, UE can also consider some margin for the residual frequency error to guarantee PDSCH performance, e.g. 0.15ppm residual frequency error before the PO, therefore three SS bursts would be also used by some RedCap UE implementation. Based on the simulation, it is justified that the all the paging procedures with 1, 2 and 3 SS burst reception should be discussed and evaluated in the study.
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(a) Results for 2T4R 
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(b) Results for 2T2R 


[bookmark: _Ref53575661]Figure 4  Link level evaluation results for T/F tracking performance.
Observation 6: All paging procedures with 1, 2 and 3 SS bursts reception are relevant UE implementation and should be assumed for evaluation in the study.
Further sub-grouping and Early transmitted Paging Information (EPI)
According to our analysis in section 3.2, the power consumption due to unnecessary ‘state transition’ and ‘light sleep’ in the unpaged DRX cycles are wasted which can be further reduced for power saving. If the network could transmit the paging information carried by the paging DCI earlier before the PO, the UE could know whether a PO reception is needed so that unnecessary ‘state transition’ and ‘light sleep’ in the unpaged DRX cycles can be avoided.
Early transmitted paging information (EPI)
To reduce the time duration of non-sleep state as much as possible, the EPI could be near the transmission of the first SS burst that UE needs to receive, then UE can receive the information right after it performs AGC and time/frequency tracking. As illustrated in Figure 5, the UE can go to deep sleep immediately after the EPI if there is no paging message for the UE. 
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[bookmark: _Ref46483216][bookmark: _Ref46483213]Figure 5 EPI to reduce state transition and extend the time in deep sleep
Observation 7: EPI near or within SS burst provides the benefit to reduce state transition from/to additional light sleep and extend the time in deep sleep.
The paging information is carried in current specification by the paging DCI, i.e. DCI format 1_0, which schedules a PDSCH in legacy paging mechanism. To minimize the implementation and specification impact, as a starting point, a paging DCI can be simply transmitted earlier than the PO, and near the transmission of the first SS burst that UE needs to receive. 
According to [2], different POs in one PF are successively located, it would be possible to merge the paging information in multiple Paging DCIs on different POs into a single early transmitted DCI for EPI to reduce the resource overhead. Furthermore, for a single UE, it is the best choice to transmit the early transmitted paging information near the first SS burst where the UE performs AGC and time/frequency tracking. 
Besides the information of paging PDSCH reception, the short message to inform SI change and/or ETWS information should be also informed in the EPI. Otherwise, in order to get the SI change and/or ETWS information, the UE shall always receive paging DCI no matter what is indicated in the EPI. Then there is no obvious power saving gain. Furthermore, EPI can also inform the availability of assistance RS, which is analyzed in our companion paper [3].
To summary, we have the following observation.
Observation 8: The following information can be carried in an early transmitted paging DCI before the PO:
· There is paging or not in the following one or multiple POs
· SI change and/or ETWS information
· Availability of assistance RS
Further paging sub-grouping indication
As illustrated in Figure 5, the power saving gain of EPI is mainly obtained from the cases when there is no paging message transmitted to the UE, where the UE can be informed by EPI not to do subsequent processing on SSB reception, light sleep transitions and PDCCH/PDSCH reception. However, IDLE UEs shares the PO with other UEs, and a single bit EPI indication can only reduce the probability of UE procedures with paging messages to the paging rate per PO.
If the UE that shares the same PO can be further sub-grouped, and sub-grouping information can be carried in the early transmitted paging information, the probability that UE goes into an simplified procedure not to do subsequent processing on SSB reception, light sleep transitions and PDCCH/PDSCH reception, can be increased. Therefore, the power saving gain of early transmitted paging indication can be maximized if sub-grouping in EPI is supported. 
Furthermore, extending/re-interpreting paging DCI format would be a straight forward way to carry the EPI. In light of this, the sub-grouping indication can be also used in legacy paging procedure, where only the UEs in the sub-group(s) being indicated need to receive paging message. The UE procedure is 1) wake up before its PO to get everything ready, 2) detect paging DCI to check whether the sub-group it belongs to is being paged or not, 3) If not, the UE can sleep directly and skip corresponding PDSCH reception, otherwise, the UE needs to decode the message on PDSCH. In this way, power consumption for PDSCH reception can be saved based on UE sub-grouping. 
Furthermore, considering the overhead and coverage issue, the number of bits in the EPI may be limited so that the sub-group information may not be fully carried by the early transmitted paging DCI. It would be also possible and would be helpful to carry part of the sub-group information in the EPI and the remaining part in the paging DCI.
Observation 9: UE sub-grouping can increase the power saving gain, which can be indicated in EPI and/or paging DCI.
Cross-slot scheduling for paging
In RAN1 #102-e, it is proposed by some companies to support cross-slot scheduling for paging, where the paging PDCCH and the corresponding paging PDSCH can be transmitted in different slots. The power saving gain comes from that UE can avoid unnecessary DL signal buffering if there is no paging transmitted at all, which is similar as the cross-slot scheduling specified in Rel-16 power saving WI. The corresponding UE procedures of cross-slot scheduling for paging could be:
· Step 1: Perform pre-sync using one SS burst before the paging PDCCH.
· Step 2: Detect paging PDCCH. 
· Step 3-a: If no paging PDCCH is detected, or the paging PDCCH is detected and sub-grouping indication (if exist) indicate the UE is not paged, UE can stop paging reception
· Step 3-b: If paging PDCCH is detected and the UE is paged, UE will continue to receive paging PDSCH after the scheduling offset. To ensure PDSCH is correctly decoded, further T/F sync may be performed between the paging PDCCH and paging PDSCH by using a triggered RS. 
Actually, the Step 1~Step 3-a are quite similar as that of EPI procedure. Similarly as that in EPI procedure, the scheduling offset between paging PDCCH and paging PDSCH needs to be large enough to make the UE receive the SS burst and detect the paging DCI continuously for power saving. For Step 3-b, it will not bring additional power saving compared with EPI solution.
Observation 10: Cross-slot scheduling for paging requires the minimum K0 for scheduling large enough so that the UE can detect the paging DCI around SS burst for power saving gain.
However, larger scheduling offset between paging PDCCH and paging PDSCH implies that gNB may need to decide the resource allocation, MCS and other scheduling parameters much earlier. The gNB would not know the channel state in advance, and more physical resources would be allocated to guarantee the paging performance. Therefore, it is preferred that the paging DCI doesn’t carry scheduling parameters if cross-slot scheduling is used for paging.
Observation 11: It is challenging for gNB to decide the resource allocation and MCS for paging PDSCH when the scheduling offset between the paging PDCCH and the paging PDSCH is very large for power saving benefit.
Last, it is also proposed by some companies that the existence of paging DCI can trigger assistance RS transmission between paging PDCCH and paging PDSCH, which can be used for further T/F synchronization for PDSCH reception. However, according to the agreements in RAN1 #102-e, the assistance RS is for connected mode UEs which can be shared to idle/inactive mode UEs, and it is up to gNB implementation whether or not to transmit a TRS/CSI-RS to idle/inactive UEs. Thus whether the paging DCI is transmitted or not has no relationship with the transmission of assistance RS at all.
Observation 12: gNB has the flexibility not to always transmit assistance RS before a scheduled paging PDSCH.
Observation 13: The existence of paging DCI cannot imply the transmission of assistance RS before the corresponding paging PDSCH.

[bookmark: _Ref53081709]Analysis and evaluations on paging enhancement
This section provides the evaluation results for the proposed paging enhancements, i.e. EPI and paging sub-grouping indication. The power model and baseline configuration are based on the agreements in RAN1 #102-e. As for the traffic model (i.e., paging rate), in addition to 10% group paging rate, 40% group paging rate is also considered.
[bookmark: _Ref53647273]Evaluation methodology 
In RAN1 #102-e, it is agreed that the group paging rate is assumed as 10% for evaluation, and there is still an FFS for another group paging rate > 10%. 
	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



According to our observation, the probability when a UE is actually paged by network (i.e. the paging rate per UE) is about 1%. The group paging rate of 10% corresponds to about 10~11 UEs sharing one PO, considering . However, in real deployment, the paging load in a network would vary and the number of UEs that need to be paged would also change time by time. 
Therefore, the paging enhancement should be investigated under different paging load, i.e. the investigated paging rate per PO should be a range. 
It is observed that there could be 600 UEs camping on the same cell, and in some cases the paging messages would be transmitted within the whole tracking area (TA), which covers several cells. Assuming that there are 5~6 cells in a TA, and 64 POs in every paging cycle, there would be about 50 UEs sharing a PO, which corresponds to 40% grouping paging rate per PO (). Considering that RedCap UEs may co-exist with eMBB UEs in the same network, the load of the network can be very heavy. Based on the discussion, a value range of group paging rate from 10% to 40% should be investigated.
Observation 14: The paging arrival rate varies in deployment and therefore a value range of paging rate e.g., from 10% to 40% should be investigated.
Power saving gains for EPI and sub-grouping
The power distributions and power saving gains for EPI are shown in Figure 6 for UE using 1 SS burst for T/F tracking, in Figure 7 2 SS bursts are used on UE for T/F tracking, and in UEs are assumed to use 3 SS burst for T/F tracking. Good coverage means that inter-frequency measurement is not performed according to S-criterion, and bad coverage means that inter-frequency measurement is performed. In Figure 6~8, 10% group paging rate is assumed.
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(a) UE in good coverage w/o inter-frequency RRM measurement
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(b) UE in bad coverage with inter-frequency RRM measurement
[bookmark: _Ref52353676]Figure 6  Power distributions and power saving gains for EPI for UE assuming 1 SS bursts before PO.
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(a) UE in good coverage w/o inter-frequency RRM measurement
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(b) UE in bad coverage with inter-frequency RRM measurement
[bookmark: _Ref53646681]Figure 7 Power distributions and power saving gains for EPI for UE assuming 2 SS bursts before PO
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(a) UE in good coverage w/o inter-frequency RRM measurement
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(b) UE in bad coverage with inter-frequency RRM measurement
Figure 8 Power distributions and power saving gains for EPI for UE assuming 3 SS bursts before PO
Based on the evaluations, it can be observed significant power saving gain if EPI is introduced:
Observation 15: EPI provide significant power saving gain (12% ~ 46%) for UEs using 1~3 SSBs.
Observation 16: If EPI is transmitted within SSB, the power saving gain is increased since EPI and SSB can be received together.
As discussed in section 4.1, the paged UEs in a cell varies and the range of 10% ~40% should be investigated for paging enhancement to cover all the scenarios in deployment. To further evaluate the benefit of sub-grouping, we further evaluate the power saving gain for EPI and sub-grouping under different group paging rate per PO. The results are shown in Figure 9. 4 sub-groups are considered in the evaluation.
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(a) Results for UEs using 1 SS burst before a PO
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(b) Results for UEs using 2 SS bursts before a PO


[bookmark: _Ref52354703]Figure 9  Power saving gains for sub-grouping in EPI with various group paging rate.
According to the evaluation results in Figure 9, it can be observed that the power saving gain is reduced from 15% to 10% for UE using 1SS burst if EPI is used without sub-grouping indication. Similarly, the power saving gain is reduced from 30% to 20% for UEs using 2 SS bursts before the PO. This is because the reason that EPI can provide power saving is due to the fact that EPI enables UE to use an simplified procedure to avoid the subsequent unnecessary processing of SSB reception, light sleep transitions and PDCCH/PDSCH reception. When the actual paging rate increases on a PO, the probability of UEs to use the simplified procedures shall be reduced.
Observation 17: Power saving gain of EPI w/o sub-grouping indication is significantly reduced when the paging load on a PO is increased. 
From the investigation in Figure 9, the sub-grouping indication used together with EPI can improve the robustness of EPI to reduce the impact of paging rate on the obtained power saving gain.
Observation 18: EPI with sub-grouping indication can obtain robust power saving gain which is not impacted by the paging load increment on a PO.
The results of Section 4 are summarized in Table 1.
[bookmark: _Ref53081760]Table 1: Analysis on power saving gain for proposed solutions (compared with R16 baseline)
	
	
	Power saving gain(10% paging rate)
	Power saving gain(40% paging rate)

	EPI w/o sub-grouping
	For UEs using 1 SS bursts for T/F tracking;
	~17%
	~11%

	
	For UEs using 2 SS bursts for T/F tracking;
	20%~32%
	13%~21%

	
	For UEs using 3 SS bursts for T/F tracking;
	29%~41%
	19%~27%

	Sub-grouping indication with EPI
	For UEs using 1 SS bursts for T/F tracking;
	~19%
	~19%

	
	For UEs using 2 SS bursts for T/F tracking;
	22%~36%
	21%~34%

	
	For UEs using 3 SS bursts for T/F tracking;
	33%~46%
	30%~42%


Note: EPI solution in the table refers the EPI within SS burst.
Impact to UE paging detection probability 

The link level evaluation results for both UE using 2T4R and UE using 2T2R are shown in Figure 8. Wherein the paging DCI is assumed to be transmitted with 41 bits payload and 24 bits CRC, and the EPI is 12 bits payload with 24 bits CRC. The PDCCH detection performance with a 0.5ppm residual frequency error is provided since we found that the BLER almost keeps the same when the residual frequency error is smaller than 0.5ppm. The joint miss-detection rate is also provided based on the formula.
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	(a) UE paging detection performance when residual frequency error is 0.5ppm (2T4R)
	(b) UE paging detection performance when residual frequency error is 0.5ppm (2T2R)


Figure 8. [bookmark: _Ref53739909][bookmark: _Ref53738770]Miss-detection rate of EPI (DCI size: 12bits + 24 bits CRC) and paging DCI (DCI size: 41bits + 24bits CRC).
According to the evaluation results in Figure 8, it can be observed that for both UEs with 2T4R and 2T2R, with appropriate EPI aggregation level choice, for example, AL4 EPI for UEs with 2T4R and AL16 EPI for UEs with 2T2R, the EPI can maintain the paging PDCCH performance at BLER 1%.
Observation 19: The joint PDCCH performance considering both EPI and paging DCI can maintain 1% BLER detection performance of paging DCI.

Evaluations on system impact





System impact are analyzed from three dimensions: 1) resource overhead and its implications, 2) impact to legacy IDLE/INACTIVE mode UEs and CONNECTED mode UEs, and 3) impact to other functionalities. Table 2 shows the system impact for different schemes. The resource overhead is calculated by, where  is the number of REs occupied by EPI,  is the number of REs of the whole system, and is the resource utilization rate if there is only IDLE mode UEs in the cell. For SCS of 30kHz, system Bandwidth is 100MHz (i.e. 273 RBs), and there are 4 SSBs in a SS burst set. Correspondingly, there are also 4 MOs in one PO. The paging configuration is assumed as a typical configuration, i.e. 2 PF in a cycle and 4 POs in a PF. 4POs in the same PF can be indicated together in the same EPI to reduce resource overhead. But different EPI is needed for different MO since they are for different beam directions. According to the LLS results in Section 3.1, for UEs with 2T4R AL=4 is enough for 12-bit DCI information bits, and for UEs with 2T2R AL=16 is required for 12-bit DCI information bits. Besides, the typical value of  is about 4% when SSB, SIB1 and paging are considered in a 100MHz network. 
[bookmark: _Ref53081753]Table 2: Analyses on system impact for proposed solutions
	
	Resource overhead and its implications
	Impact to legacy UEs
	Impact to other functionalities

	DCI based EPI without sub-grouping (i.e. EPI-only)
	For 2T4R: 4.91*10-4
For 2T2R: 19.6*10-4
	No impact to legacy UEs.
	SI change and/or ETWS information and availability of assistance RS can be indicated in DCI based EPI.

	Sub-grouping indication in EPI(2 bits for each sub-group)
	Similar overhead as that for EPI without sub-grouping.
For 12bits DCI payload, 2 bits indication can indicate 4 sub-groups for each PO and 6 POs can be indicated by one EPI.
	No impact to legacy UEs.
	SI change and/or ETWS information and availability of assistance RS can be indicated in DCI based EPI.

	Sub-grouping indication in legacy paging DCI
	Little overhead when it is indicated by the reserved bits in paging DCI.
	No impact to legacy UEs.
	No impact to other functionalities.



Summary and proposals based on the study
According to the evaluations summarized in Table 1 and Table 2, early paging indication (EPI) provides significant power saving gain (17%~40%) for IDLE mode UE assuming per PO group paging rate is 10%, where UEs may use 1 SS burst, 2 SS burst or 3 SS bursts for time/frequency tracking before the PO. The power saving gain is larger if the UE needs to use more SS bursts before the reception of PO, where EPI can reduce more power consumption due to more light sleep transitions. When the paging load becomes larger, the power saving gain of EPI shall be reduced considering UE needs to more frequently receive the paging DCI and paging PDSCH. The power saving gain of EPI is reduced from 20%~32% to 13%~21% for UEs using 2 SS bursts before PO, when the paging rate changes from 10% to 40%. However, if sub-grouping indication is used in EPI, the power saving gain shall be robust against the change of paging load in the network. EPI DCI and paging DCI could have joint design to carry the sub-grouping indication.
Regarding the paging detection performance, according to the evaluations in Figure 8, the paging detection performance shall not be impacted by DCI based early paging indication.
Regarding the resource overhead, early paging indication consumes less than 0.1% resource overhead of the system overhead due to the transmission of SSB, SIB1 and paging transmission, which are about 4% of the total resource in the system according to our observation. Therefore, the EPI solution has negligible impact on the resource overhead. 
Regarding the implications on network energy, EPI DCI is transmitted near or within the slots where SSB is transmitted, therefore, in these slots the gNB anyway needs to transmit. Therefore, the impact on network energy is negligible.
Early paging indication and sub-grouping has no impact to legacy UEs considering the legacy paging DCI is still transmitted. As shown in the resource overhead evaluation, the resource overhead would be less than 0.2%*4% of the total system resource. This overhead shall have negligible impact on the scheduling of legacy IDLE mode and connected mode UEs.
Regarding the impact on other legacy functionalities, in our evaluations, an early transmitted paging DCI carries the EPI and sub-grouping information of 4 POs, where each PO corresponds to 2bits for indicating EPI information of 4 sub-groups. Considering the minimum 12 bits DCI payload, there can be another 4 bits that can be used for SI change and ETWS indication. Early paging indication DCI can indicate sub-group information and can also support the indication of SI change indication and ETWS indication.
Based on the above summary and observation, we propose to agree the following proposals.
Proposal 1: Support Early paging indication (EPI) in Rel-17 to reduce the power consumption of IDLE more UE.
· FFS: DCI based EPI or RS based EPI
Proposal 2: Sub-grouping indication is indicated in the early paging indication and also paging DCI.
· FFS: How to group the UEs


Conclusions
In this contribution, we discuss the paging procedure enhancement. Based on the analysis, we have the following observations and proposals:
Observation 1: IDLE mode power consumption contributes significant power share of wearable devices, for which the power consumption is also intended to be reduced in the WID.
Observation 2: For eMBB UE, it is worth to specify paging enhancement for IDLE mode.
Observation 3: PDCCH performance does not degrade with up to 0.5ppm residual frequency error before the reception of PDCCH.
Observation 4: To ensure lower than 10% PDSCH BLER, the residual frequency error is required to be lower than 0.21ppm for UEs using 2T4R and 0.17 ppm for UEs using 2T2R.
Observation 5: UE needs to pre-wake-up for AGC and T/F tracking to receive SS bursts before the corresponding PO, which consumes additional power. 
Observation 6: All paging procedures with 1, 2 and 3 SS bursts reception are relevant UE implementation and should be assumed for evaluation in the study.
Observation 7: EPI near or within SS burst provides the benefit to reduce state transition from/to additional light sleep and extend the time in deep sleep.
Observation 8: The following information can be carried in an early transmitted paging DCI before the PO:
· There is paging or not in the following one or multiple POs
· SI change and/or ETWS information
· Availability of assistance RS
Observation 9: UE sub-grouping can increase the power saving gain, which can be indicated in EPI and/or paging DCI.
Observation 10: Cross-slot scheduling for paging requires the minimum K0 for scheduling large enough so that the UE can detect the paging DCI around SS burst for power saving gain.
Observation 11: It is challenging for gNB to decide the resource allocation and MCS for paging PDSCH when the scheduling offset before the paging PDSCH is very large for sufficient power saving benefit.
Observation 12: gNB has the flexibility not to always transmit assistance RS before a scheduled paging PDSCH.
Observation 13: The existence of paging DCI cannot imply the transmission of assistance RS before the corresponding paging PDSCH.
Observation 14: The paging arrival rate varies in deployment and therefore a value range of paging rate e.g., from 10% to 40% should be investigated.
Observation 15: EPI provide significant power saving gain (12% ~ 46%) for UEs using 1~3 SSBs.
Observation 16: If EPI is transmitted within SSB, the power saving gain is increased since EPI and SSB can be received together.
Observation 17: Power saving gain of EPI w/o sub-grouping indication is significantly reduced when the paging load on a PO is increased. 
Observation 18: EPI with sub-grouping indication can obtain robust power saving gain which is not impacted by the paging load increment on a PO.
Observation 19: The joint PDCCH performance considering both EPI and paging DCI can maintain 1% BLER detection performance of paging DCI.

Proposal 1: Support Early paging indication (EPI) in Rel-17 to reduce the power consumption of IDLE more UE.
· FFS: DCI based EPI or RS based EPI
Proposal 2: Sub-grouping indication is indicated in the early paging indication and also paging DCI.
· FFS: How to group the UEs
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Time distribution of wearable devices


Connected mode accumulate time(minutes)	IDLE mode accumulate time(minutes)	40	1400	

Power consumption distribution of wearable devices


Connected mode energy	IDLE mode energy	1720	2623.1111145285536	
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