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Introduction
In RAN#86 meeting, the WI of UE power saving enhancements in NR is agreed [1]. And the latest objectives of power saving for idle/inactive mode UE are as follows [2]:
	1) Specify enhancements for idle/inactive-mode UE power saving, considering system performance aspects [RAN2, RAN1]
a) Study and specify paging enhancement(s) to reduce unnecessary UE paging receptions, subject to no impact to legacy UEs [RAN2, RAN1]
· NOTE: RAN1 to check and update, if needed, evaluation methodology in RAN1 #102-e meeting
b) Specify means to provide potential TRS/CSI-RS occasion(s) available in connected mode to idle/inactive-mode UEs, minimizing system overhead impact [RAN1]
· NOTE: Always-on TRS/CSI-RS transmission by gNodeB is not required



[bookmark: OLE_LINK41][bookmark: OLE_LINK24][bookmark: OLE_LINK17][bookmark: OLE_LINK16][bookmark: _GoBack]In this contribution, we first discuss the evaluation methodology for power analysis, and then discuss the potential paging enhancements and the corresponding design considerations.


Evaluation Methodology
General Considerations
For the scope item of paging enhancements, RAN1 and RAN2 need to work together with the reduced meeting number according to the latest Rel-17 schedule [3]. To maximize the cross-work-group efficiency, one useful strategy is have both work groups base on the same power consumption model and evaluation methodology. The two work groups can then observe the same power consumption issues and investigate the solutions for different communication layers in parallel. For this goal, the following proposal is suggested:
[bookmark: _Ref47775713]
Proposal 1: Power consumption evaluation for idle/inactive mode should base on calculation for ease of utilization by RAN1 and RAN2 work groups.

For comprehensive evaluation for a paging enhancement scheme, the methodology should consider different factors subject to different UE behaviours. For example, different UE synchronization behaviours based on SINR condition, and different UE paging PDSCH reception behaviours based on group paging rate. Companies can then identify the useful settings for an enhancement scheme and check the potential complement across different schemes.
[bookmark: _Ref47775719]
Proposal 2: Power consumption evaluation for idle/inactive mode should at least include different SINR conditions and different group paging rates.

Since Rel-17 network is expected to accommodate both normal capability and reduced capability UEs,  it is efficient to develop unified paging enhancement schemes applicable to both UE types.
[bookmark: _Ref47775724]
Proposal 3: Power consumption evaluation for idle/inactive mode should be able to cover both normal capability and reduced capability UEs in order to develop unified paging enhancement scheme(s) for both type of UEs in the same network.

With the above goals in mind, we will further discuss the necessary updates to TR38.840 [5] for the evaluation methodology for idle/inactive mode power saving enhancements in the following subsections.

Baseline Parameters
For idle/inactive mode UEs, it is reasonable to stay in a frequency range of wide coverage. In this regard, FR1 with 30 KHz sub-carrier spacing can be prioritized.
[bookmark: _Ref47775733]
Proposal 4: FR1 with SCS 30 KHz is prioritized

For the power consumption values, reuse those specified in [5] with proper scaling w.r.t. bandwidth can be reused. In particular, 20 MHz reception bandwidth is suggeseted since UE needs only to receive frequency span of CORESET 0 for paging processing. As the non-sleep power consumption values in [5] are lower-bounded by a value of 50, further reduction in reception bandwidth and/or antenna number will provide little difference in power consumption. In this regard, the scaled power consumption values w.r.t 20 MHz reception bandwidth can also represent reduced capability UEs from power consumption perspective. There is no conflict with any complexity reduction discussion for reduced capability UEs. 
[bookmark: _Ref47775738]
Proposal 5: For idle/inactive mode power consumption analysis, the power consumption values in Table 1 are utilized, which covers both normal capability and reduced capability UEs.

[bookmark: _Ref47729545]Table 1: Scaled power consumption values for idle/inactive mode power consumption analysis
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For paging enhancements, typical idle-mode paging DRX cycle of 1.28 second is assumed. For the group paging rate, we assume 1% paging rate per UE and N UEs sharing the same PO. If UEs are paged independently, the group paging rate can be calculated by 1 – (1 – 0.01)N. For N = 10 and 100, the corresponding group paging rate is around 10% and 60%, respectively.
[bookmark: _Ref47775744]Proposal 6: For paging related settings, consider
· 1.28 second idle-mode paging DRX cycle
· Group paging rates of 10% and 60%, corresponding to around 10 and 100 UEs sharing the same PO

For the measurement, the following proposal is suggested:
[bookmark: _Ref47775750]
Proposal 7: For measurement related settings, assume
· SS burst periodicity of 20 ms
· SMTC periodicity of 20 ms
· SMTC window duration: 2 ms for intra-band measurement and 5 ms for inter-band measurement
· No neighbour cell measurement in high SINR condition

UE Processing Timeline for Paging Monitoring/Reception
With the above baseline parameters, it remains to specify UE processing timeline for calculating the average power consumption. Regarding the periodic paging monitoring, it suffices to specify the active operations for a paging cycle. In particular, the following should be considered:

[bookmark: _Ref47775758]Proposal 8: For UE paging monitoring/reception within a paging cycle, the following operations should be specified for different SINR conditions:
· SS burst processing before PO for synchronization as well as measurement of serving cell and, if needed, intra-band neighbour cell(s) 
· PO processing, including Paging PDCCH monitoring, and paging PDSCH processing (subject to group paging rate)
· SS burst processing after PO for inter-band neighbour cell measurement

[bookmark: _Ref47775769]Proposal 9: When SINR is not high, or for reduced capability UE, the processing timeline in Figure 1 is assumed, where
· Three SS bursts before PO are utilized for synchronization; one is also used for serving cell and intra-band neighbour cell measurement
· 4-ms PO processing is assumed for paging monitoring/reception across multiple beams
· One  5-ms SMTC window after PO is utilized for inter-band neighbour cell measurement
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[bookmark: _Ref47735161][bookmark: _Ref47776005]Figure 1: UE processing timeline for paging monitoring/reception when SINR is not high
[bookmark: _Ref47776066]
Observation 1: Multiple SS bursts are required for synchronization when SINR is not high due to PDSCH sensitivity to synchronization quality, as shown in Table 2. Since UE cannot know whether there is PDSCH or not before PO, it always needs to wake up multiple times for synchronization when SINR is not high.

[bookmark: _Ref47737161]Table 2: PDSCH Sensitivity to synchronization quality [6]
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[bookmark: _Ref47775843]Proposal 10: For high SINR condition, the processing timeline in Figure 2 is assumed, where
· One SS burst before PO is sufficient for synchronization and serving cell measurement. 
· 1-ms PO processing is assumed for paging monitoring/reception only over the best beam(s)
· No neighbour cell measurement after PO
· Note that, due to potential SINR change for each paging DRX cycle, an early SS burst is assumed so that UE can process the following SS bursts if identifying lower SINR condition from the first SS burst
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[bookmark: _Ref47736426][bookmark: _Ref47776142]Figure 2: UE processing timeline for paging monitoring/reception in high SINR

NR Idle-Mode Power Consumption Issue
In FR1, based on the evaluation assumptions in Subsections 2.2 and 2.3, it is possible to compare the power consumptions of LTE and NR for idle-mode. In particular, the following observation are from Figures 3 and 4:
[bookmark: _Ref47776089]
Observation 2: When SINR is not high, NR idle-mode power consumption is 75% higher than LTE, where the energy overhead due to multiple UE wake-ups for synchronization dominates the power.
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[bookmark: _Ref47737836]Figure 3: Idle-mode power consumption comparison between LTE (upper) and NR (lower) 

[bookmark: _Ref47776096]Observation 3: For high SINR condition, NR idle-mode power consumption is still 27% higher than LTE, where the additional wake-up energy overhead for a SS burst apart from PO is the main cause.
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[bookmark: _Ref47775273]Figure 4: Idle-mode power consumption comparison between LTE (upper) and NR (lower) in high SINR

[bookmark: _Ref47775860]Proposal 11: Rel-17 paging enhancements should aim for minimizing UE wake-up energy overhead, particularly when there is no paging to the UE.
R17 enhancement in idle mode
Paging enhancement
Figure 5(a) illustrates the Rel-15/16 UE processing timeline when SINR is not high. In order to decode paging PDCCH/PDSCH successfully, UE needs to receive multiple SS bursts for pre-synchronization before the paging occasion (PO). And due to the SS burst periodicity, it is hardly for a UE to enter deep sleep before PO and it results in UE power consumption waste if the UE is not paged. To resolve this issue, the following method can be considered.
· Paging early indication (PEI): network sends an indication before a PO to indicate a UE whether paging PDCCH/PDSCH is present in the PO, and the UE does not need to decode PDCCH/PDSCH if negative indication is received. As shown in Figure 5(b), if no UE in the PO is paged, UE can skip not only paging PDCCH/PDSCH but also unnecessary SSB processing and go to deep sleep to save power.

On the other hand, since paging PDCCH is for a group of UEs, it is possible that a UE decodes PDCCH/PDSCH but finds itself is not paged and the power is wasteful for the UE. Further dividing UEs monitoring the same PO into subgroups can reduce the probability that a UE needs to decode PDSCH. To realize UE subgrouping, the following options can be considered.
· Option 1: UE subgrouping only - Figure 5(c)
· For example, it can consider to repurpose reserved bits or add additional bits in paging DCI to indicate UEs in different subgroups whether to further decode PDSCH
· Option 2: PEI + UE subgrouping
· UE subgrouping is combined with PEI to further maximize the power saving gain. 

Table 3 provides the power saving gains for PEI-only and UE subgrouping-only. When group page rate is 10%, the saving gains are 27.42% (19.23%) and 0.36% (1.48%) for PEI-only and UE subgrouping-only (in high SINR condition), respectively. And when group page rate is 60%, the saving gains are 11.76% (9.21%) and 2.07% (0.87%) for PEI-only and UE subgrouping-only (in high SINR condition), respectively. Compared to PEI-only, UE subgrouping-only is not useful and achieves very small gain. The reason is: UE does not know whether paging PDSCH is present before PO, therefore, SSB processing and PDCCH monitoring are still required even if no UE is paged in the PO.
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[bookmark: _Ref47622957]Figure 5. UE processing timeline in idle-mode: (a) Rel-15/16, (b) paging early indication, (c) UE subgrouping

[bookmark: _Ref47711994]Observation 4: Compared to UE subgrouping-only, PEI can allow UE to skip unnecessary SSB processing and PDCCH decoding if there is no UEs monitoring the same PO to be paged. Therefore, it can bring more significant power saving gains than UE subgrouping-only. 

[bookmark: _Ref47634967]Table 3. Power saving gains for different paging enhancements in low/high SINR
[image: ]


[bookmark: _Ref47712002]Proposal 12: Introduce paging early indication (PEI) before PO for idle/inactive mode power saving.
· PEI indicates UE whether to decode paging PDCCH/PDSCH in the PO
· PEI should be located near SS bursts to reduce UE wakeup overhead
· FFS PEI with UE subgrouping

Design considerations of paging early indication
Similar to the discussion in R16 wake-up signal for connected-mode power saving, the following candidates can also be considered to indicate the paging early indication.
· Option 1: Existing signal/channel based approach
· PDCCH channel
· RS-based, e.g., SSS, TRS/CSI-RS
· Option 2: New signal/channel

Compared to existing signal/channel based approach, new signal/channel design is possible to achieve a better performance for PEI from the perspectives of detection complexity and power saving. But, its specification effort is high and how large the gain can be brought is questionable. Due to the limited time, we propose to consider existing signal/channel based approach in Rel-17. 

[bookmark: _Ref47712037]Proposal 13: Due to the limited time of WI and large specification efforts, new signal/channel design for paging early indication(s) is not supported in Rel-17.

[bookmark: _Ref47712042]Proposal 14: FFS the following existing signal/channel for paging early indication.
· PDCCH channel
· Existing RS, e.g., SSS and TRS/CSI-RS


In the following, we discuss the pros and cons for DCI-based and RS-based signal/channel in several aspects.

Network resource overhead
In Figure 6 (a) and (b), the network resource overheads for RS-based and DCI-based signal are compared for group paging rate 10% and 60%, respectively. Here, we assume RS-based signal is SSS-like and occupies 127 REs per sequence. Similar to wake-up signal in NB-IoT, in ‘RS-min’, the signal for indicating PEI is only transmitted if a UE following the PO is to be paged. If no UE is paged for the PO, network does not transmit the signal. UE detects the presence of signal to determine whether to decode paging PDCCH/PDSCH in the corresponding PO. In ‘RS-max’, the signal is always transmitted and (+1, -1) can be used to indicate whether there is paging PDCCH/PDSCH or not. For DCI-based signal, similar to paging PDCCH, aggregation level 4, 8, and 16 are assumed. One of the differences between RS-based and DCI-based signal is how many bits they can deliver per signal. For RS-based signal, one sequence is needed for one PEI for a PO. But, for DCI-based signal, multiple PEI for PO(s) from N paging frames can map to one PDCCH, where NPF is 1, 2, 4, 8 and 16 (x-axis in Figure 6). And 30 available DCI bits are assumed. The analysis shows that:
· When the group paging rate is low, RS-based signal occupies less network resources if RS is not always transmitted. But, the difference between RS-based and DCI-based signal is decreased significantly when more PEI for PO(s) map to one PDCCH. To reduce the overhead for DCI-based signal in low group paging rate, compact DCI size and smaller aggregation level can be considered.
· When the group paging rate is high, it has high probability that DCI-based signal can use less network resource overheads. That is, the capacity per signal becomes more important. 
· Always-on RS-based signal is not recommended from the perspective of resource overhead.


UE detection complexity & power consumption
For DCI-based signal, the polar decoder is required. But, for RS-based signal, the simple detector to calculate correlation is sufficient. Moreover, compared to RS-based signal, more accurate T/F offset may be needed for DCI-based signal to meet the performance requirement. Therefore, UE has to wake-up to process one additional SSB burst ahead of the signal/channel for PEI. To sum up, RS-based signal requires lower UE detection complexity and power consumption than DCI-based signal.

Detection performance
Similar to R16 wake-up signal, the performance requirement of miss-detection rate (MDR) and false-alarm rate (FAR) should be discussed for signal/channel for PEI. For RS-based signal, the threshold of detector can be adjusted to achieve low MDR, but the penalty is high FAR. The FAR of polar decoder is very low (~10-5), however, more resources are required to achieve the same MDR of simple correlation detector. Furthermore, in Rel-17, RedCap UE is also under discussion. To pursue a unified paging enhancement design for both eMBB and RedCap UEs, the coverage issue of RedCap UE should also be considered.

Additional benefits
DCI-based signal has higher capacity, i.e., carry more information bits, than RS-based signal. Higher capacity can not only reduce the network resource overheads in high group paging rate but also provide additional information for further power consumption improvement. For example, the DCI for PEI can include the signaling of systemInfoModification and etwsAndCmasIndication, therefore, the network does not have to transmit paging DCI if only short message is present, i.e., no scheduling for paging PDSCH, and the UE can skip paging DCI decoding and further save power.

On the other hand, although RS-based signal has worse capacity, it can be used for measurement, e.g., SSS, and/or T/F tracking, e.g., TRS. If a UE has to receive paging PDCCH/PDSCH, the signal can be used to achieve more accurate T/F tracking or reduce the SSB processing number. 

Specification effort
For DCI-based signal, the following should be studied.
· DCI format
· Reuse existing DCI format or introduce new DCI format
· DCI contents
· Resource mapping, e.g., CORESET and search space for PDCCH
· It is possible to reuse the CORESET/search space design for broadcast PDCCH to minimize specification work
· Multiplexing with existing signal/channel in Rel-15/16
· Reuse the rule for PDCCH in Rel-15/16. No additional specification work.
· Optimization on decoding performance/complexity/power consumption
· Performance requirements, fewer decoding candidates, compact DCI size, etc.

For RS-based signal, the following should be studied.
· Sequence design
· Which existing RS is used
· Number of information bit
· Resource mapping 
· New design may be needed
· Multiplexing with existing signal/channel in Rel-15/16
· New design may be needed
· Optimization on decoding performance/complexity/power consumption
· Performance requirements

Compared to RS-based signal, the specification effort can be smaller for DCI-based signal because many designs for broadcast PDCCH in Rel-15/16 can be reused.
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[bookmark: _Ref47533555]Figure 6: Analysis of network resource overhead: (a) Group paging rate = 10%, (b) Group paging rate = 60%

Based on the discussions above, we have the following observations and proposals.

[bookmark: _Ref47712079]Observation 5: For low group paging rate, e.g., 10%, RS-based signal can consume fewer resources if the signal is not always transmitted, e.g., network transmits signal only if a UE following the PO is to be paged. But for high group paging rate, e.g., 60%, DCI-based signal has higher probability to use fewer resources because PEIs for multiple POs can be mapped to one PDCCH. 

[bookmark: _Ref47712086]Observation 6: In order to detect the signal/channel for PEI, the polar decoder and simple correlation detector are used for DCI-based and RS-based signal, respectively. Therefore, RS-based signal requires lower UE detection complexity and power consumption than DCI-based signal.

[bookmark: _Ref47712091]Observation 7: For signal/channel for PEI, its performance requirement of miss-detection rate and false-alarm rate should be discussed. In addition, to pursue a unified paging enhancement design for both eMBB and RedCap UEs, the coverage issue of RedCap UE should be considered as well.

[bookmark: _Ref47712094]Observation 8: DCI-based signal is capable of carrying more information bits than RS-based signal. DCI for PEI can also include systemInfoModification and etwsAndCmasIndication such that network does not transmit paging DCI if only short message is present. On the other hand, RS-based signal can be used for measurement and/or T/F tracking. Since TRS has well-designed structure for T/F tracking when compared to CSI-RS, we don’t see the need to further consider CSI-RS as signal/channel candidate for PEI.

[bookmark: _Ref47712097]Observation 9: Adoption of DCI-based signal can lead to smaller specification effort than RS-based signal because many designs of broadcast PDCCH in Rel-15/16 can be reused. 

[bookmark: _Ref47712106]Proposal 15: RAN1 should follow the physical requirements of PEI from RAN2 if any. RAN1 can additionally take the following performance metrics into consideration.
· Network resource overhead
· Detection complexity and power consumption
· Detection performance requirement
· Specification effort

Conclusion
In this work, we first discuss the evaluation methodology for idle-mode power analysis, and further provide our views on useful paging enhancements and corresponding design considerations. Based on the discussions above, we have the following observations and proposals.

Proposal 1: Power consumption evaluation for idle/inactive mode should base on calculation for ease of utilization by RAN1 and RAN2 work groups.

Proposal 2: Power consumption evaluation for idle/inactive mode should at least include different SINR conditions and different group paging rates.

Proposal 3: Power consumption evaluation for idle/inactive mode should be able to cover both normal capability and reduced capability UEs in order to develop unified paging enhancement scheme(s) for both type of UEs in the same network.

Proposal 4: FR1 with SCS 30 KHz is prioritized

Proposal 5: For idle/inactive mode power consumption analysis, the power consumption values in Table 1 are utilized, which covers both normal capability and reduced capability UEs.

Proposal 6: For paging related settings, consider
· 1.28 second idle-mode paging DRX cycle
· Group paging rates of 10% and 60%, corresponding to around 10 and 100 UEs sharing the same PO

Proposal 7: For measurement related settings, assume
· SS burst periodicity of 20 ms
· SMTC periodicity of 20 ms
· SMTC window duration: 2 ms for intra-band measurement and 5 ms for inter-band measurement
· No neighbour cell measurement in high SINR condition

Proposal 8: For UE paging monitoring/reception within a paging cycle, the following operations should be specified for different SINR conditions:
· SS burst processing before PO for synchronization as well as measurement of serving cell and, if needed, intra-band neighbour cell(s) 
· PO processing, including Paging PDCCH monitoring, and paging PDSCH processing (subject to group paging rate)
· SS burst processing after PO for inter-band neighbour cell measurement


Proposal 9: When SINR is not high, or for reduced capability UE, the processing timeline in Figure 1 is assumed, 
where
· Three SS bursts before PO are utilized for synchronization; one is also used for serving cell and intra-band neighbour cell measurement
· 4-ms PO processing is assumed for paging monitoring/reception across multiple beams
· One  5-ms SMTC window after PO is utilized for inter-band neighbour cell measurement

[image: ]
Figure 1: UE processing timeline for paging monitoring/reception when SINR is not high



Observation 1: Multiple SS bursts are required for synchronization when SINR is not high due to PDSCH sensitivity to synchronization quality, as shown in Table 2. Since UE cannot know whether there is PDSCH or not before PO, it always needs to wake up multiple times for synchronization when SINR is not high.


Proposal 10: For high SINR condition, the processing timeline in Figure 2 is assumed, where
· One SS burst before PO is sufficient for synchronization and serving cell measurement. 
· 1-ms PO processing is assumed for paging monitoring/reception only over the best beam(s)
· No neighbour cell measurement after PO
· Note that, due to potential SINR change for each paging DRX cycle, an early SS burst is assumed so that UE can process the following SS bursts if identifying lower SINR condition from the first SS burst

[image: ]
Figure 2: UE processing timeline for paging monitoring/reception in high SINR


Observation 2: When SINR is not high, NR idle-mode power consumption is 75% higher than LTE, where the energy overhead due to multiple UE wake-ups for synchronization dominates the power.

Observation 3: For high SINR condition, NR idle-mode power consumption is still 27% higher than LTE, where the additional wake-up energy overhead for a SS burst apart from PO is the main cause.

Proposal 11: Rel-17 paging enhancements should aim for minimizing UE wake-up energy overhead, particularly when there is no paging to the UE.

Observation 4: Compared to UE subgrouping-only, PEI can allow UE to skip unnecessary SSB processing and PDCCH decoding if there is no UEs monitoring the same PO to be paged. Therefore, it can bring more significant power saving gains than UE subgrouping-only.

Proposal 12: Introduce paging early indication (PEI) before PO for idle/inactive mode power saving.
· PEI indicates UE whether to decode paging PDCCH/PDSCH in the PO
· PEI should be located near SS bursts to reduce UE wakeup overhead
· FFS PEI with UE subgrouping

Proposal 13: Due to the limited time of WI and large specification efforts, new signal/channel design for paging early indication(s) is not supported in Rel-17.

Proposal 14: FFS the following existing signal/channel for paging early indication.
· PDCCH channel
· Existing RS, e.g., SSS and TRS/CSI-RS

Observation 5: For low group paging rate, e.g., 10%, RS-based signal can consume fewer resources if the signal is not always transmitted, e.g., network transmits signal only if a UE following the PO is to be paged. But for high group paging rate, e.g., 60%, DCI-based signal has higher probability to use fewer resources because PEIs for multiple POs can be mapped to one PDCCH.

Observation 6: In order to detect the signal/channel for PEI, the polar decoder and simple correlation detector are used for DCI-based and RS-based signal, respectively. Therefore, RS-based signal requires lower UE detection complexity and power consumption than DCI-based signal.

Observation 7: For signal/channel for PEI, its performance requirement of miss-detection rate and false-alarm rate should be discussed. In addition, to pursue a unified paging enhancement design for both eMBB and RedCap UEs, the coverage issue of RedCap UE should be considered as well.

Observation 8: DCI-based signal is capable of carrying more information bits than RS-based signal. DCI for PEI can also include systemInfoModification and etwsAndCmasIndication such that network does not transmit paging DCI if only short message is present. On the other hand, RS-based signal can be used for measurement and/or T/F tracking. Since TRS has well-designed structure for T/F tracking when compared to CSI-RS, we don’t see the need to further consider CSI-RS as signal/channel candidate for PEI.

Observation 9: Adoption of DCI-based signal can lead to smaller specification effort than RS-based signal because many designs of broadcast PDCCH in Rel-15/16 can be reused.

Proposal 15: RAN1 should follow the physical requirements of PEI from RAN2 if any. RAN1 can additionally take the following performance metrics into consideration.
· Network resource overhead
· Detection complexity and power consumption
· Detection performance requirement
· Specification effort
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Introduction


 


In RAN#86 meeting, the WI of UE power saving enhancements in NR 


is


 


agreed


 


[1]


. And the


 


la


test


 


objectives of power 


saving for idle/inactive mode UE 


are as follows 


[2]


:


 


1)


 


Specify 


enhancements for idle/inactive


-


mode UE power saving, considering system performance 


aspects [RAN2, RAN1]


 


a)


 


Study and specify paging enhancement(s) to reduce unnecessary UE paging receptions, subject to 


no impact to legacy UEs [RAN2, RAN1]


 


-


 


NOTE: RAN1 to check


 


and update, if needed, evaluation methodology in RAN1 #102


-


e 


meeting


 


b)


 


Specify means to provide potential TRS/CSI


-


RS occasion(s) available in connected mode to 


idle/inactive


-


mode UEs, minimizing system overhead impact [RAN1]


 


-


 


NOTE: Always


-


on TRS/CSI


-


RS trans


mission by gNodeB is not required


 


 


In this contribution, 


we first discuss the evaluation methodology for power analysis, and then discuss the potenti


al 


paging enhancements and the


 


corresponding design considerations.


 


 


 


2


 


Evaluation Methodology


 


2.1


 


General 


Considerations


 


For the scope item of paging enhancements, RAN1 and RAN2 need to work together 


with


 


the 


reduced meeting 


number according to the


 


latest 


Rel


-


17 schedule


 


[3]


. To 


maximize the cross


-


work


-


group efficiency


, one useful strategy 


is have both work groups base on the same power consumption model and evaluation methodology. The two work 


groups can 


then observe


 


the same power consumption issues and investigate the s


olutions for different communication 


layers


 


in parallel


. 


For this goal


, the following


 


proposal


 


is 


suggested


:


 


 


Proposal 


1


: Power consumption evaluation for idle/inactive mode 


should


 


base on calculation for ease of 


utilization by RAN1 and RAN2 


work 


groups.


 


 


For comprehensive evaluation for a paging enhancement scheme, the methodology should consider different factors 


subject to different UE behaviours. For example, different UE synchr


onization behaviours based on SINR condition, 


and different UE paging PDSCH reception 


behaviours


 


based on group paging rate. 


Companies can then identify the 


useful settings for an enhancement scheme


 


and 


check


 


the potential complement across different schem


es.


 


 


Proposal 


2


: Power consumption evaluation for idle/inactive mode should at least include different SINR 


conditions and different group paging rates.
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