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Introduction
In RAN1#102 e-meeting, the following metrics are agreed for study paging enhancements for UE power saving [1]:
	Agreements:
For the study on paging enhancements to reduce unnecessary paging reception, the following metrics are considered:
· UE power saving gain (relative to a given feature or overall)
·  Impact to UE paging detection probability 
·  FFS: Link level simulation assumptions
· System impact, including 
· Additional resource overhead and its implications
· Impact to Rel-15/Rel-16 idle/inactive-mode UEs and connected-mode UEs
· Impact to other legacy functionalities, including SI change and ETWS indication
· [Note: NW energy consumption evaluation is not precluded]



[bookmark: OLE_LINK41][bookmark: OLE_LINK24][bookmark: OLE_LINK17][bookmark: OLE_LINK16]The following candidate schemes are also agreed for further study [1]:
	Agreements:
For potential paging enhancements, RAN1 to study the following candidate schemes:
· Paging early indication before a target PO to indicate UE whether to monitor PDCCH scrambled with P-RNTI at the PO. Potential candidate indication methods include 
· DCI-based indication, e.g., based on 
· Extending existing DCI format 1_0 or 2_6 
· New DCI format
· RS-based or sequence-based indication, e.g., based on TRS/CSI-RS or SSS
· Sub-grouping for paging, based on 
· Legacy paging DCI
· Paging early indication
· Additional reception occasions in time/frequency domain
· Multiple P-RNTIs
· Cross-slot scheduling for paging PDSCH
· Other proposal is not precluded




Toward characterizing the power saving gain, UE processing timeline is fundamental. We will first clarify the requirements on synchronization and UE processing timeline in Section 2. Then, the candidate schemes are compared and discussed along the agreed performance metrics in Sections 3. Finally, the contribution is summarized in Section 4.


[bookmark: _Ref54346489]Requirements on Synchronization and UE Processing Timelines
In RAN1 #102 e-meeting, the following is agreed for companies to provide justification on the number of SSB bursts utilized before PO [1]:

	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




For the justification, the following link-level evaluation assumptions, specified from the corresponding agreement in RAN1 #102 e-meeting [1], are utilized:

	Parameters
	Values
	Note

	Carrier Frequency
	4GHz (FR1)
	

	Transmission BW
	20MHz (FR1)
	

	Antenna Configuration
	2 TX ports (gNodeB) and 4 RX (UE)
	

	Channels
	TDL-C, 300 ns delay spread, 100 Hz Doppler spread
	

	Frequency error
	Uniform distribution in the range 
[-X, +X] ppm, X = [0 : 0.1 : 0.5] ppm (equivalently [0 : 400 : 2000] Hz)

Modelled at the input of the considered paging channel/early indication design(s)
	Maximum range of 0.5 ppm/2000 Hz is assumed, taking into account extreme frequency drift due to temperature and mobility in real implementations.

	Paging PDCCH configuration
	AL8, 41 info + 24 CRC bits, REG bundle size 6

CORESET duration: 2 symbols
CCE-to-REG mapping: interleaved (R=2)

	

	Paging PDSCH configuration
	Mapping type A, MCS 0, 48 PRB, TB scaling 1, DMRS type 1 with 2 additional DMRS
	Since UE performs synchronization before knowing TB scaling factor from the DCI in PO, the synchronization requirement should be set according the worst case factor, i.e., TB scaling = 1



With the above settings, one can obtain BLER performance of paging PDCCH and PDSCH in the presence of residue frequency error, as shown in Figure 1. It can be observed from Figure 1 that PDCCH performance (red curve) is robust against residue frequency error. The performance loss is within 0.2 dB even with frequency error range up to 0.5 ppm/2000 Hz. On the other hand, PDSCH performance is sensitive to the frequency error, and the overall paging performance is dominated by PDSCH. To ensure similar performance loss ( 0.2 dB) as PDCCH, it is necessary to set the 0.1 ppm requirement on the residue frequency offset range after synchronization.

[bookmark: _Ref54376180][bookmark: _Ref54380807][bookmark: _Ref54275615]Observation 1: Paging performance is dominated by PDSCH sensitivity to residue frequency error after the synchronization.

[bookmark: _Ref54380815]Observation 2: To confine paging performance loss within 0.2 dB, UE should ensure residue frequency error range is within 0.1 ppm after synchronization.
· The corresponding standard deviation is 230 Hz when modelling the residue frequency error as uniform random variable in the range [-0.1, 0.1] ppm.
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[bookmark: _Ref54270297]Figure 1: Performances of paging PDCCH and PDSCH with residue frequency offset

To achieve the target, we further provide the following performance estimation of for frequency compensation, where the relation between STD of the residue frequency error and the product of SINR (linear scale) and number of SS burst is given as follows:
Standard deviation (STD) of the residue frequency error =   (Hz)

With the above, one can obtain the frequency compensation performance w.r.t. different SINR values and number of SS bursts, as shown in Figure 2. From Figure 2, the requirement on STD of the residue frequency error is illustrated as the green dash line. It can be observed that, at -6 dB SINR, more than 4 SS bursts are even required to achieve 0.1 ppm frequency error range. For 0 dB, 2 SS bursts are required. Therefore, utilizing a single SS burst can be feasible only when good SINR/coverage case. By the above, the following observation and proposal are provided:
[bookmark: _Ref54380862]Observation 3: One SS burst for synchronization is only feasible with good SINR/coverage, e.g., SINR 6 dB. For reduced SINR/coverage, 2 to 4 SSB bursts are generally required. 
[bookmark: _Ref54380873]
Proposal 1: For paging enhancement study, consider at least UE processing timelines using 3 SS bursts and 1 SS burst for synchronization.
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[bookmark: _Ref54275533]Figure 2: Standard deviation of residue frequency error after synchronization
By the above analysis, we will compare different idle/inactive mode power saving schemes w.r.t. the following two baseline UE processing timelines in Figure 3, where 3 SS bursts are assumed for reduced SINR/coverage and 1 SS burst is assumed for good SINR/coverage. It is noticed that, since channel condition can vary after a paging cycle (e.g., 1.28 second), we assume UE needs to always check at least one early SS burst so as to ensure there are backup SS bursts when channel condition is found to become poor.

[bookmark: _Ref54380922]Proposal 2: For UE processing timelines, it should be assumed that one early SS burst is processed to check channel condition so that sufficient number of SS bursts can be utilized if poor channel condition is identified.
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[bookmark: _Ref54339921]Figure 3: Baseline UE processing timelines for idle/inactive mode


[bookmark: _Ref54383112]Comparison of Paging Enhancement Candidate Schemes
[bookmark: _Ref54368777]UE Processing Timelines for the Candidate Schemes
For the agreed candidate schemes, we consider the following characteristics for the evaluations:

Table 1: Characteristics of candidate paging enhancement schemes
	Candidate schemes to be compared
	Characteristics

	Paging Early Indication (PEI)
	An indication, earlier than PO, to notify UE whether its group is paged to receive paging data. Despite there are multiple possible physical layer designs, we can abstract it as one operation with power value of 50 (same as SSB/CSI-RS or PDCCH processing), time position close to the first SS burst, and a time duration of [4] ms.  

	UE Grouping
	Additional UE grouping information is carried in PO, e.g., paging DCI, so that paging can be specified to a subgroup. UE grouping can reduce the probability of PDSCH decoding when UE subgroup is not paged. However, synchronization processing cannot be reduced since it is performed before PO. Assume 2 subgroups for the following evaluations.

	UE-Group PEI
	Additional UE grouping information is carried in PEI. By indicating subgroup paging earlier, UE can benefit from reduced paging probability and skip subsequent synchronization and PO processing with higher probability.

	Cross-Slot Scheduling
	Cross-slot scheduling can be regarded as a specific early indication using existing DCI format 1_0. While specification impact is regarded smaller, there is limitation on “earliness”, i.e., up to 32 slots (16 ms with 30 KHz SCS). When UE is indicated of no paging with cross-slot scheduling, we assume at most one SS burst and PO processing can be skipped.



With the above characterization, the corresponding UE processing timelines can be drawn in Figure 4 and Figure 5 for the case UE (sub)group is not paged and the case UE (sub)group is paged, respectively.

[image: ] 
[bookmark: _Ref54368621]Figure 4: UE processing timelines for the candidate schemes when UE (sub)group is NOT paged

[image: ]  
[bookmark: _Ref54368628]Figure 5: UE processing timelines for the candidate schemes when UE (sub)group is paged

Power Saving Gain Comparison
By the timelines in Section 3.1 and extending the reference power consumption calculation tables in the end of Section 2.2 of [2], one can obtain the power saving gain comparison as shown in Figure 6:

[image: ]
[bookmark: _Ref54366234]Figure 6: Power saving gain comparison for candidate paging enhancement schemes
In Table 2, there summarize the specific power saving gain values for the candidate schemes, and we can have the following observations and proposal:

[bookmark: _Ref54380946]Observation 4: (UE-Group) paging early indication can achieve the best power saving gain, up to 25.5% and 17% for reduced SINR/coverage and good SINR/coverage cases, respectively.
[bookmark: _Ref54380952]
Observation 5: UE grouping, if carried in PO, achieves limited power saving gain (up to 2.1%). On the other hand, combining UE grouping and PEI can achieve additional 6.5% power saving gain to PEI-only scheme with 40% group paging rate. The gain is expected to be higher with a higher group paging rate. 
[bookmark: _Ref54380964]
Observation 6: Cross-Slot Scheduling achieves limited power saving gain (up to 6.3% in reduced SINR/coverage case), which is due to the limitation of maximum 32 slots on the scheduling offset.
[bookmark: _Ref54371627][bookmark: _Ref54380973]
Proposal 3: For Rel-17 paging enhancement study, RAN1 to prioritize (UE-Group) paging early indication scheme, where UE is notified before paging occasion whether UE (sub)group is paged or not.
· LS to RAN2 for inquiring the potential subgroup number if UE grouping is considered
[bookmark: _Ref54367454][bookmark: _Ref54387793]
Table 2: Power saving gains of candidate paging enhancement schemes
	Channel condition
	Reduced SINR/coverage
	Good SINR/coverage

	Group paging rate (GPR)
	10%
	20%
	30%
	40%
	10%
	20%
	30%
	40%

	PEI
	23.8%
	21.0%
	18.3%
	15.5%
	15.6%
	13.7%
	11.9%
	10.1%

	UE-Grouping
	0.3%
	0.7%
	1.0%
	1.3%
	0.5%
	1.1%
	1.6%
	2.1%

	UE-Group PEI
	25.5%
	24.3%
	23.2%
	22.1%
	17.0%
	16.5%
	16.0%
	15.5%

	Cross-Slot Scheduling
	6.3%
	5.6%
	4.8%
	4.1%
	0.0%
	0.0%
	0.0%
	0.0%




Impact to Paging Detection Performance
In this section, we further investigate the impact to paging detection performance with paging early indication. In particular, the following two possible designs are evaluated:
· PDCCH/DCI-based PEI: DCI with 12-bit payload, 24-bit CRC and AL4 or AL8 (288 or 576 REs)
· SSS-based PEI: Reuse SSS sequence generation with different seeding. Total resource occupation is 127 REs, and FAR = 1% is assumed for sequence detection.

It is noticed that, TRS-based PEI is also one possible design. In terms of performance, its BLER curve slope is similar as that of SSS-based PEI. The major difference lies in SINR offset that depends on the RS RE number. In this regard, one can refer to SSS-based PEI for the feasible performance of TRS-based PEI with the same RE number.

In Figure 7, PEI performances evaluated with residue frequency error range of 0.5 ppm are compared with that of paging PDCCH evaluated with residue frequency error range of 0.1 ppm. As can be observed from Figure 7, both PDCCH/DCI-based PEI and SSS-based PEI can achieve comparable performance as paging PDCCH at BLER target of 10-2.

[bookmark: _Ref54380988]Observation 7: With 0.5 ppm residue frequency error range, PDCCH/DCI-based PEI and SSS-based PEI can achieve comparable performance as paging PDCCH with 0.1 ppm residue frequency error range, even subject to less or equal to half RE number of paging PDCCH.
[image: ]
[bookmark: _Ref54372630]Figure 7: BLER performances of Paging PDCCH and PEI designs in the presence of residue frequency error

Since overall paging performance is dominated by PDSCH (Observation 1), and paging indication performance needs to consider both PEI and paging PDCCH, the following performances are further compared in Figure 8:

· Overall paging indication performance, defined as

where BLERPEI and BLERpaging PDCCH correspond to the performance curves in Figure 7.

· PDSCH performance with residue frequency error range of 0.1 ppm 

As can be checked from Figure 8, BLERindication with either PDCCH/DCI-based PEI or SSS-based PEI is strictly lower than the BLER of PDSCH for BLER down to 10-2. Consequently, we can obtain the following observations:

[bookmark: _Ref54381000]Observation 8: Considering BLER target down to 10-2, the combined performance of PEI and paging PDCCH is strictly lower than the BLER of PDSCH with residue frequency error range of 0.1 ppm, which is valid for both PDCCH/DCI-based PEI and SSS-based PEI designs.

[bookmark: _Ref54381006]Observation 9: Paging early indication can achieve no impact to paging detection performance.


[image: ]
[bookmark: _Ref54376350][bookmark: _Ref54387898]Figure 8: Comparison of overall paging indication performance and PDSCH performance

Discussion on System Impact of Paging Early Indication
Regarding support of legacy UE, paging data should always be transmitted with legacy/Rel-15 design. The introduction of paging early indication will therefore cause the concern of additional resource overhead. This argument is, however, not valid. One possibility to resolve the issue is to require UE to monitor legacy PO if PEI is not detected. The resource occupation of PEI can therefore be set to low priority, thus ensuring no resource impact to existing channels. 

[bookmark: _Ref54381022]Observation 10: For paging legacy UE, paging data should be transmitted with legacy/Rel-15 design.

[bookmark: _Ref54379036][bookmark: _Ref54381032]Proposal 4: To avoid paging early indication to content resource with existing channels, UE is required to monitor legacy PO if PEI is not detected.

[bookmark: _Ref54381050]Observation 11: With Proposal 3, the resource occupation of paging early indication can be set to low priority, which then ensures no resource impact to existing channels and thus no impact to legacy idle/inactive mode and connected-mode UEs.

Regarding the impact to other legacy functionalities, including SI change and ETWS indications, it is possible to include SI change and ETWS indications in PEI and avoid the impact. Alternatively, network can always indicate UEs to monitor legacy PO using PEI so that SI change and ETWS indications will not be missed. The choice may depend on physical layer design of PEI. For example, PDCCH/DCI-based PEI is capable of carrying multiple bits and more feasible to include SI and ETWS indications. For sequence or RS based PEI design, carrying more bits typically requires a larger sequence space with reduced orthogonality, thus not preferable to include the indications. The decision can be made after the physical layer design of PEI is decided.

[bookmark: _Ref54381064]Observation 12: Legacy paging functionality of notifying SI change and ETWS indications can be maintained via either including the indications in PEI or indicating UEs to monitor legacy PO by PEI.

[bookmark: _Ref54381074]Proposal 5: Decide whether to include SI change and ETWS indications in paging early indication after the physical layer design is decided.


[bookmark: _Ref54383125]Conclusion
In this work, we first discuss the requirements on synchronization and UE processing timelines for idle/inactive mode paging reception. The candidate schemes for paging enhancement are then compared over the agreed performance metrics, including power saving gain, impact to paging detection performance and system impact. In particular, we have the following observations and proposals:

Observation 1: Paging performance is dominated by PDSCH sensitivity to residue frequency error after the synchronization.

Observation 2: To confine paging performance loss within 0.2 dB, UE should ensure residue frequency error range is within 0.1 ppm after synchronization.
· The corresponding standard deviation is 230 Hz when modelling the residue frequency error as uniform random variable in the range [-0.1, 0.1] ppm.

Observation 3: One SS burst for synchronization is only feasible with good SINR/coverage, e.g., SINR 6 dB. For reduced SINR/coverage, 2 to 4 SSB bursts are generally required.

Proposal 1: For paging enhancement study, consider at least UE processing timelines using 3 SS bursts and 1 SS burst for synchronization.

Proposal 2: For UE processing timelines, it should be assumed that one early SS burst is processed to check channel condition so that sufficient number of SS bursts can be utilized if poor channel condition is identified.

Observation 4: (UE-Group) paging early indication can achieve the best power saving gain, up to 25.5% and 17% for reduced SINR/coverage and good SINR/coverage cases, respectively.

Observation 5: UE grouping, if carried in PO, achieves limited power saving gain (up to 2.1%). On the other hand, combining UE grouping and PEI can achieve additional 6.5% power saving gain to PEI-only scheme with 40% group paging rate. The gain is expected to be higher with a higher group paging rate.

Observation 6: Cross-Slot Scheduling achieves limited power saving gain (up to 6.3% in reduced SINR/coverage case), which is due to the limitation of maximum 32 slots on the scheduling offset.

Proposal 3: For Rel-17 paging enhancement study, RAN1 to prioritize (UE-Group) paging early indication scheme, where UE is notified before paging occasion whether UE (sub)group is paged or not.
· LS to RAN2 for inquiring the potential subgroup number if UE grouping is considered

Table 2: Power saving gains of candidate paging enhancement schemes

	Channel condition
	Reduced SINR/coverage
	Good SINR/coverage

	Group paging rate (GPR)
	10%
	20%
	30%
	40%
	10%
	20%
	30%
	40%

	PEI
	23.8%
	21.0%
	18.3%
	15.5%
	15.6%
	13.7%
	11.9%
	10.1%

	UE-Grouping
	0.3%
	0.7%
	1.0%
	1.3%
	0.5%
	1.1%
	1.6%
	2.1%

	UE-Group PEI
	25.5%
	24.3%
	23.2%
	22.1%
	17.0%
	16.5%
	16.0%
	15.5%

	Cross-Slot Scheduling
	6.3%
	5.6%
	4.8%
	4.1%
	0.0%
	0.0%
	0.0%
	0.0%



Observation 7: With 0.5 ppm residue frequency error range, PDCCH/DCI-based PEI and SSS-based PEI can achieve comparable performance as paging PDCCH with 0.1 ppm residue frequency error range, even subject to less or equal to half RE number of paging PDCCH.

Observation 8: Considering BLER target down to 10-2, the combined performance of PEI and paging PDCCH is strictly lower than the BLER of PDSCH with residue frequency error range of 0.1 ppm, which is valid for both PDCCH/DCI-based PEI and SSS-based PEI designs.

Observation 9: Paging early indication can achieve no impact to paging detection performance.

[image: ]
Figure 8: Comparison of overall paging indication performance and PDSCH performance
Observation 10: For paging legacy UE, paging data should be transmitted with legacy/Rel-15 design.

Proposal 4: To avoid paging early indication to content resource with existing channels, UE is required to monitor legacy PO if PEI is not detected.

Observation 11: With Proposal 3, the resource occupation of paging early indication can be set to low priority, which then ensures no resource impact to existing channels and thus no impact to legacy idle/inactive mode and connected-mode UEs.

Observation 12: Legacy paging functionality of notifying SI change and ETWS indications can be maintained via either including the indications in PEI or indicating UEs to monitor legacy PO by PEI.

Proposal 5: Decide whether to include SI change and ETWS indications in paging early indication after the physical layer design is decided.

By the above observations and proposals, we finally recommend:

Proposal 6: For Rel-17 paging enhancement, UE-group paging early indication is supported.
· UE is required to monitor legacy PO if paging early indication is not detected.
· FFS: PDCCH/DCI-based or sequence-based physical layer design


Reference
[1] [bookmark: _Ref47770235][bookmark: _Ref54385885]R1-2007501, “Final Report of 3GPP TSG RAN WG1 #102-e v1.0.0”, MCC Support, RAN1 #102-e, online available @ https://www.3gpp.org/ftp/tsg_ran/WG1_RL1/TSGR1_102-e/Report
[2] [bookmark: _Ref47770244][bookmark: _Ref54385972][bookmark: _GoBack]R1-2007063, “Summary for Potential Power Saving Enhancements”, Moderator (MediaTek), RAN1 #102-e 
image1.png
BLER

TDL-C 300ns 100Hz, SCS30kHz, 2T4R
T T T

T
- - -BLER 1%
——PDCCH AL8, no CFO
——PDCCH AL8, CFO [-400Hz,400Hz]
——PDCCH AL8, CFO [-800Hz,800Hz]
—e—PDCCH ALS, CFO [-1200Hz,1200Hz]
—*—PDCCH ALS, CFO [-1600Hz,1600Hz]
——PDCCH ALS, CFO [-2000Hz,2000Hz2]
——PDSCH TB scaling 1.0, MCS0, no CFO
—e—PDSCH TB scaling 1.0, MCS0, CFO [-400Hz,400Hz]
——PDSCH TB scaling 1.0, MCS0, CFO [-800Hz,800Hz]

(—s—PDSCH TB scaling 1.0, MCSO0, CFO [-1200Hz,1200Hz] [

|=—=—PDSCH TB scaling 1.0, MCS0, CFO [-1600Hz,1600Hz]
[—+—PDSCH TB scaling 1.0, MCSO, CFO [-2000Hz,2000Hz]

-11

-10

SNR [dB]




image2.png
Residue Frequency Error "STD" (Hz )

Number of SS burst

STD threshold of
230 Hz to ensure
X <400 Hz (0.1 ppm)





image3.png
a) Reduced SINR/coverage:
Wakeup/sleep
20ms 20ms 20ms transition energy

-—-mwM m—m - - e — e 0 e 0
PO Reception

Deep Sleep Light Sleep Light Sleep Deep Sleep
2ms 2ms 2ms  Light Sleep Ams Light Sleep 5ms Time
—>
10ms

b) Good SINR/coverage:
50ms

-———mmmmm 0

PO Reception

Deep Sleep

Deep Sleep Deep Sleep

2ms 4ms Time




image4.png
¢ (UE-Group) Paging Early Indication
60ms
+-————————————————————

Deep Sleep Deep Sleep Deep Sleep

2ms 4ms S5ms Time

e UE Grouping
20ms 20ms 20ms

R e EEEE—
PO Reception

Deep Sleep Light Sleep Light Sleep Deep Sleep

2ms 2ms 2ms  Light Sleep Ams Light Sleep 5ms Time
10ms

e Cross-Slot Scheduling

20ms 40ms
-—-mm e - - 0 b 0 - D

Deep Sleep Light Sleep Deep Sleep Deep Sleep

2ms 2ms  Light Sleep 4ms 5ms Time




image5.png
¢ (UE-Group) Paging Early Indication

20ms 20ms 20ms
—>

PO Reception

Deep Sleep Light Sleep Deep Sleep

2ms 4ms  Light 2ms 2ms  Light Sleep 4ms Light Sleep 5ms Time
—>
Sleep 10ms

e UE Grouping
20ms 20ms 20ms

PO Reception

Deep Sleep Light Sleep Light Sleep Deep Sleep

2ms 2ms 2ms  Light Sleep Ams Light Sleep 5ms Time
—>

10ms
e Cross-Slot Scheduling

20ms 20ms 20ms
PO Reception

Deep Sleep Deep Sleep

2ms 2ms Light 4ms 2ms  Light Sleep Ams Light Sleep S5ms Time
—>
Sleep 10ms




image6.png
Power Saving Gain (Reduced SINR/coverage)

30.00%
20.00% T :
10.00%
[ Y. [ Y. [y, -
0.00% e
GPR=10% GPR=20% GPR=30% GPR=40%

—»— UE Grouping == Cross-Slot

—o—PE| —o— UE-Group PEI

30.00%
20.00%
10.00%

0.00%

Power Saving Gain (Good SINR/coverage)

GPR=30%

GPR=10% GPR=20% GPR=40%

—o— UE Grouping =#= Cross-Slot

—e—PE| —o— UE-Group PEI




image7.png
BLER

TDL-C 300ns 100Hz, SCS30kHz, 2T4R

= = =BLER 1%

== Paging PDCCH: AL8, CFO [-400Hz,400Hz]

[—=— PEI-PDCCH-MDR: 12 bits, AL4, CFO [-2000Hz, 2000Hz]
== PEI-PDCCH-MDR: 12 bits, AL8, CFO [-2000Hz, 2000Hz]
|~ PEI-SSS-MDR: 127 REs, CFO [-2000Hz, 2000Hz]

12 <11 10 -9 8 7 6 -5 -4





image8.png
BLER

TDL-C 300ns 100Hz, SCS30kHz, 2T4R
T

---BLER 1%
——Paging PDCCH: AL8, CFO [-400Hz,400Hz]
——Paging PDSCH: TB scaling 1.0, MCS0, CFO [-400Hz,400Hz]

—=—PEI-PDCCH-JMDR: 12 bits, AL4, CFO [-2000Hz, 2000Hz] ||
——PEI-PDCCH-JMDR: 12 bits, AL8, CFO [-2000Hz, 2000Hz]

[ ——PEI-SSS-JMDR: 127 REs, CFO [-2000Hz, 2000Hz] 1
1071~ |
B e e e e e o o Rt e N el e e e Rt et Rt Rt b
1073 ! |

-12 -11 -10 -9 -8 -7 -6 -5

SNR [dB]





3GPP TSG RAN WG1 


#103


-


e


 


 


     


 


 


R1


-


2008964


 


e


-


Meeting, 


October


 


26


th


 


–


 


November


 


13


th


, 2020


 


 


Agenda Item: 


8.7.1.1


 


Source: MediaTek Inc.


 


Title: 


Paging 


E


nhancements for 


I


dle/


I


nactive


-


M


ode UE 


P


ower 


S


aving


 


Document for: Discussion and Decision


 


1


 


Introduction


 


In RAN


1


#


102 e


-


meeting, 


the following 


metrics are agreed


 


for study paging enhancements 


for UE power saving


 


[1]


:


 


Agreements:


 


For the study on paging enhancements to reduce unnecessary paging reception, the following metrics are 


considered:


 


-


 


UE power saving gain (relative to a given feature or overall)


 


-


 


 


Impact to UE paging detection probability


 


 


o


 


 


FFS: Link level simulation assumptions


 


-


 


System impact, including


 


 


o


 


Additional resource overhead and its implications


 


o


 


Impact to Rel


-


15/Rel


-


16 idle/inactive


-


mode UEs and connected


-


mode UEs


 


o


 


Impact to other legacy func


tionalities, including SI change and ETWS indication


 


o


 


[Note: NW energy consumption evaluation is not precluded]


 


 


T


he following candidate schemes are also agreed for further study


 


[1]


:


 


Agreements:


 


For potential paging enhancements, RAN1 to study the following candidate schemes:


 


·


 


Paging early indication before a target PO to indicate UE whether to monitor PDCCH scrambled with P


-


RNTI at the PO. Potential candidate indication methods include 


 


o


 


DCI


-


based indication, e.g., based on 


 


§


 


Extending existing DCI format 1_0 or 2_6 


 


§


 


New DCI form


at


 


o


 


RS


-


based or sequence


-


based indication, e.g., based on TRS/CSI


-


RS or SSS


 


·


 


Sub


-


grouping for paging, based on 


 


o


 


Legacy paging DCI


 


o


 


Paging early indication


 


o


 


Additional reception occasions in time/frequency domain


 


o


 


Multiple P


-


RNTIs


 


·


 


Cross


-


slot scheduling for pagin


g PDSCH


 


·


 


Other proposal is not precluded


 


 


 


Toward characterizing the power saving gain, UE processing timeline is fundamental. We will first clarify the 


requirements


 


on synchronization and UE processing timeline


 


in Section 


2


. Then, the candidate schemes are compared


 


and discussed


 


along the agreed performance metrics 


in Sections 


3


. Finally, the contribution is summarized in Section


 


4


.


 


 


 


2


 


Requirements on S


ynchronization 


and UE Processing 


Timelines


 


In RAN1 #102 e


-


meeting, the following 


is


 


agreed 


for


 


companies 


to


 


provide justification 


on


 


the number of SSB bursts 


utilized before PO


 


[1]


:


 


 




3GPP TSG RAN WG1  #103 - e               R1 - 2008964   e - Meeting,  October   26 th   –   November   13 th , 2020     Agenda Item:  8.7.1.1   Source: MediaTek Inc.   Title:  Paging  E nhancements for  I dle/ I nactive - M ode UE  P ower  S aving   Document for: Discussion and Decision  

1

  Introduction   In RAN 1 # 102 e - meeting,  the following  metrics are agreed   for study paging enhancements  for UE power saving   [1] :  

Agreements:   For the study on paging enhancements to reduce unnecessary paging reception, the following metrics are  considered:   -   UE power saving gain (relative to a given feature or overall)   -     Impact to UE paging detection probability     o     FFS: Link level simulation assumptions   -   System impact, including     o   Additional resource overhead and its implications   o   Impact to Rel - 15/Rel - 16 idle/inactive - mode UEs and connected - mode UEs   o   Impact to other legacy func tionalities, including SI change and ETWS indication   o   [Note: NW energy consumption evaluation is not precluded]  

  T he following candidate schemes are also agreed for further study   [1] :  

Agreements:   For potential paging enhancements, RAN1 to study the following candidate schemes:      Paging early indication before a target PO to indicate UE whether to monitor PDCCH scrambled with P - RNTI at the PO. Potential candidate indication methods include    o   DCI - based indication, e.g., based on       Extending existing DCI format 1_0 or 2_6       New DCI form at   o   RS - based or sequence - based indication, e.g., based on TRS/CSI - RS or SSS      Sub - grouping for paging, based on    o   Legacy paging DCI   o   Paging early indication   o   Additional reception occasions in time/frequency domain   o   Multiple P - RNTIs      Cross - slot scheduling for pagin g PDSCH      Other proposal is not precluded    

  Toward characterizing the power saving gain, UE processing timeline is fundamental. We will first clarify the  requirements   on synchronization and UE processing timeline   in Section  2 . Then, the candidate schemes are compared   and discussed   along the agreed performance metrics  in Sections  3 . Finally, the contribution is summarized in Section   4 .      
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  Requirements on S ynchronization  and UE Processing  Timelines   In RAN1 #102 e - meeting, the following  is   agreed  for   companies  to   provide justification  on   the number of SSB bursts  utilized before PO   [1] :    

