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Introduction
The Rel-17 work item on UE power saving enhancements [1] includes the following objective for paging enhancements targeting enhanced UE power savings:
	· Specify enhancements for idle/inactive-mode UE power saving, considering system performance aspects [RAN2, RAN1]
· 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 #100 meeting



In RAN1 104e [2], the following was agreed in connection to paging enhancements in idle/inactive mode.
	Agreements:
· Carrying UE subgroups information is considered in physical layer design for paging enhancement 
 
Agreements:
For the evaluation and comparison of PEI candidate designs based on PDCCH, TRS/CSI-RS and SSS, the following are assumed:
· Behv-A:  
· PEI indicates UE should monitor a PO if UE’s group/subgroup is paged
· UE is not required to monitor a PO if UE does not detect PEI at all PEI occasion(s) for the PO
· Behv-B:  
· PEI indicates whether or not UE should monitor a PO 
· UE is required to monitor a PO if UE does not detect PEI at all PEI occasion(s) for the PO
 
Agreements:
For the evaluation and comparison of PEI candidate designs, companies to report
· Description of how PEI design can co-exist with existing channels/signals, and impact to legacy UEs. 
· Rel-15 designs for multiplexing PEI with legacy channels/signals are assumed as baseline
o   Other multiplexing method with legacy channels/signals can be additionally reported with justification

Agreement:
· Take Alt 1 as mandatory, and Alt 2 as optional
Alt 1 
For the performance evaluations of PEI candidate designs based on PDCCH, TRS/CSI-RS and SSS, 
1. The following are assumed, at the SNR where the Miss-Detection Rate (MDR) of paging PDSCH is 1%, 
· When Behv-A is assumed: 
· The joint miss-detection rate (MDR) of PEI and paging PDCCH defined below should be no worse than 1%: 
MDR_Joint_A = MDR_PEI + (1 – MDR_PEI) MDR_PagingPDCCH
· The False-Alarm Rate (FAR) of PEI should be no larger than [1%]
· When Behv-B is assumed: 
· The joint miss-detection rate (MDR) of PEI and paging PDCCH defined below should be no worse than 1%: 
MDR_Joint_B = FAR_PEI + (1 – FAR_PEI) MDR_PagingPDCCH
· The MDR of PEI should be no larger than [1%]
· Note: The CFO is modeled at the input of PEI detection and based on LLS assumptions agreed in RAN1 #102-e. Companies should justify the applied random range for the CFO.
· Companies to provide:
· Information on the utilized detection method for each PEI candidate design (e.g., non-coherent detection or coherent detection)
· The required #REs to comply with the performance assumptions
· [bookmark: _Hlk65830555]The maximum number of subgroups that can be carried in PEI, subject to the performance assumptions


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


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


Agreements:
Further study the design on how to provide the indications for UE subgroups over PEI and/or paging PDCCH, subject to the metrics agreed in RAN1 102e.





During RAN1 103e[2], the following was agreed in connection to paging enhancements in idle/inactive mode.
	Agreements:
Observation: For NR idle/inactive-mode UEs, UE sub-grouping indication within a PO can provide the following power saving gains w.r.t. Rel-16:
· If the original group paging rate is 10%: 
· [0.3%] - [1.1%] where the baseline assumes 1 SS burst for synchronization before PO reception
· [0.4%] - [0.8%] where the baseline assumes 2 SS bursts for synchronization before PO reception
· [0.3%] - [1.0%] where the baseline assumes 3 SS bursts for synchronization before PO reception
· Some sources also evaluated performance if the original group paging rate is in the range between 20% and 80% and showed following results:  
· [0.7%] - [7.6%] where the baseline assumes 1 SS burst for synchronization before PO reception
· [0.8%] - [3.0%] where the baseline assumes 2 SS bursts for synchronization before PO reception
· [0.5%] - [4.7%] where the baseline assumes 3 SS bursts for synchronization before PO reception
The number of UE sub-groups evaluated ranges from 2 to 16.
Some companies show concern on assuming group paging rate larger than 60%.
Note: It is FFS in RAN1 another group paging rate > 10% for the evaluation of Rel-17 paging enhancement.
 
Agreements:
Observation: For NR idle/inactive-mode UEs, UE sub-grouping indication carried in paging early indication can provide the following power saving gains w.r.t Rel-16:
· If the original group paging rate is 10%: 
· [10.6%] –[19.1%] where the baseline assumes 1 SS burst for synchronization before PO reception
· [16.0%] –[36.0%] where the baseline assumes 2 SS bursts for synchronization before PO reception
· [14.3%] –[46.0%] where the baseline assumes 3 SS bursts for synchronization before PO reception
· Some sources also evaluated performance if the original group paging rate is in the range between 20% and 60% and showed following results:  
· [8.0%] –[19.1%] where the baseline assumes 1 SS burst for synchronization before PO reception
· [18.1%] –[34.0%] where the baseline assumes 2 SS bursts for synchronization before PO reception
· [20.6%] –[42.0%] where the baseline assumes 3 SS bursts for synchronization before PO reception
The additional power saving gains w.r.t. paging early indication without UE sub-grouping are given as follows:
· If the original group paging rate is 10%: 
· [0.6%] –[2.7%] where the baseline assumes 1 SS burst for synchronization before PO reception
· [0.6%] –[4.0%] where the baseline assumes 2 SS bursts for synchronization before PO reception
· [0.6%] –[4.7%] where the baseline assumes 3 SS bursts for synchronization before PO reception
· Some sources also evaluated performance if the original group paging rate is in the range between 20% and 60% and showed following results:  
· [1.3%] –[8.0%] where the baseline assumes 1 SS burst for synchronization before PO reception
· [2.1%] –[13.0%] where the baseline assumes 2 SS bursts for synchronization before PO reception
· [3.3%] –[16.1%] where the baseline assumes 3 SS bursts for synchronization before PO reception
The number of UE sub-groups evaluated ranges from 2 to 16.
The power saving gains are dependent on the assumptions about placement of PEI and PO relative to SSB.
Note: It is FFS in RAN1 another group paging rate > 10% for the evaluation of Rel-17 paging enhancement.
Note: Not all sources providing results for paging early indication without UE sub-grouping also provide results for paging early indication with UE sub-grouping.
 
Agreements:
Observation: For NR idle/inactive-mode UEs with 10% group paging rate, cross-slot scheduling with K0 = 1, which can be supported by Rel-15/Rel-16 for Type 2 CSS, can provide the following power saving gains w.r.t. same-slot scheduling (K0 = 0):
· [<1%] –[2.5%] where the baseline assumes 1 SS burst for synchronization before PO reception
· [<1%] -[1.6%] where the baseline assumes 2 SS bursts for synchronization before PO reception
· [<1%] -[1.44%] where the baseline assumes 3 SS bursts for synchronization before PO reception
One source shows that cross-slot scheduling with K0 = 32, which cannot be supported by Rel-15/Rel-16 for Type 2 CSS, can provide the following power saving gains w.r.t. same-slot scheduling (K0 = 0):
· [0%] where the baseline assumes 1 SS burst for synchronization before PO reception
· [6.3%] where the baseline assumes 3 SS bursts for synchronization before PO reception
The power saving gain will become lower with higher group paging rate.

Agreements: For NR idle/inactive-mode paging enhancement, paging early indication before paging occasion is supported from RAN1 perspective
· FFS: Physical layer design based on DCI, SSS or TRS/CSI-RS 
· Send LS to inform RAN2 and kindly ask RAN2 to inform RAN1 if there is anything that RAN1 should take into consideration in the physical layer design for this feature, including any other progress RAN2 has made in this WI which may has RAN1 impact

Agreements:
Observation: For NR idle/inactive-mode UEs with 10% group paging rate, paging early indication without UE sub-grouping can achieve the following power saving gains w.r.t. Rel-16:
· [0%] - [22.8%] where the baseline assumes 1 SS burst for synchronization before PO reception 
· Note: [0%] means UE can apply the baseline behavior if the time offset between the utilized SS burst and PO is small.
· [5.0%] - [32.0%]  where the baseline assumes 2 SS bursts for synchronization before PO reception
· [10.2%] - [67.7%]  where the baseline assumes 3 SS bursts for synchronization before PO reception
The power saving gains will become lower for higher group paging rate.
The power saving gains are dependent on the assumptions about placement of PEI and PO relative to SSB.
The power saving gains may vary with different paging early indication design.




In this contribution, we express our views on different candidate signal/channel to carry the PEI.
Discussion on power consumption

In RAN1 103e, it was agreed that PEI is supported in Rel-17 for idle/inactive mode UE. Potential candidates include PDCCH based design and sequence based design such as TRS/CSI-RS or SSS. In this section, we discuss and compare the candidates in terms of relative power consumption.
If a PDCCH based PEI is used, UE may need to process one or more SSBs before PDCCH based PEI to detect the PEI and again before PO to achieve sufficiently low CFO for paging reception. This may result in increased power consumption, depending on the total number of additional SSBs processed leading to the PO. Figure 1-a) shows a possible timeline when PDCCH based PEI indicates the UE to wake up.
On the other hand, if TRS based PEI is used adjacent to PO, UE may be able to stay in deep sleep for a longer duration, and TRS with a preceding SSB may be sufficient to achieve low CFO. Hence, there is a larger potential for increased power saving (PS) gain with TRS based design compared to PDCCH based PEI. Figure 1-b)  shows a possible processing timeline when PEI is received.
However, we also note that depending on the group paging rate and whether UE sub-grouping is indicated in PEI or not, relative power saving gain of TRS based PEI over PDCCH based PEI may not be significant.

[image: ]
Figure 1. Processing timeline when UE receives PEI.

Observation 1: TRS based PEI may potentially result in more power saving gain than PDCCH based PEI. However, relative gain can be smaller if group paging rate is low and/or PEI includes UE sub-grouping information. 

Detection performance
In this section, we compare the detection performance of PDCCH and TRS or SSS based PEI. 

For evaluation of the PEI candidates, two behaviors were identified in RAN1 104e.
· Behv-A:  
· PEI indicates UE should monitor a PO if UE’s group/subgroup is paged
· UE is not required to monitor a PO if UE does not detect PEI at all PEI occasion(s) for the PO
· Behv-B:  
· PEI indicates whether or not UE should monitor a PO 
· UE is required to monitor a PO if UE does not detect PEI at all PEI occasion(s) for the PO

In Behv-A, PEI is only transmitted if a UE needs to monitor PO, otherwise PEI is not transmitted, i.e., DTX of PEI implies not monitor PO from a UE perspective. On the other hand, Behv-B allows to transmit PEI even if the UE is not required to monitor PO. DTX of PEI implies UW would monitor PO. Hence, in Behv-B, UE could potentially monitor PO more often than it would in Behv-A. Moreover, Behv-B could cause more signaling overhead since PEI can be transmitted even if the UE is not required to monitor PO.

Observation 2: For 1 PEI to 1 PO association, Behv-B could cause more signalling overhead for PEI transmission and/or increased UE power consumption compared to Behv-A. This makes benefits of Behv-B over Behv-A questionable. 
Behv-B may potentially require mapping of sub-groups across multiple PO. In Section 4, we discuss the issues with that consideration.
Proposal 1: Support Behv-A only as PEI functionality.
· Behv-A:  
· PEI indicates UE should monitor a PO if UE’s group/subgroup is paged
· UE is not required to monitor a PO if UE does not detect PEI at all PEI occasion(s) for the PO


Next, we evaluate joint MDR based on Behv-A, according to Alt-1 method, i.e., at the SNR where the Miss-Detection Rate (MDR) of paging PDSCH is 1%.
· The joint miss-detection rate (MDR) of PEI and paging PDCCH defined below should be no worse than 1%: 
            MDR_Joint_A = MDR_PEI + (1 – MDR_PEI) MDR_PagingPDCCH
· The False-Alarm Rate (FAR) of PEI should be no larger than [1%]

We also report RE number used by PEI and maximum number of sub-groups carried by PEI which satisfy the requirement. Some important assumptions are identified below. Detail LLS simulation parameters can be found in the appendix:
· Input CFO before PEI: [-1 1] ppm.
· Considering frequency drift of 0.16ppm/sec and 0.1ppm was the residual CFO in last paging cycle, input (uncompensated) CFO before a PEI can be from 0.292 ppm to 1.73ppm, for I-DRX cycle is increased from 1.2S to 10.24S
· Input CFO during PO: [-0.1 0.1] ppm. 
· TB scaling {1, 0.5} is assumed for paging PDSCH. For TB scaling 0.25, it has been observed that paging PDCCH cannot meet the MDR requirement for the corresponding target SNR
· TRS Configuration: 1 slot, 2OS/slot, BW: {24, 36, 48} RBs, RS density: 3, Number of sub-groups: {2, 3, 4, 6, 8}. Non-coherent detection is used. 
· PDCCH configuration: AL4, AL8, AL16, PEI payload 12 bits


In Table 1, we summarize the observations which include 1% BLER paging PDSCH SNR points, TRS and PDCCH configurations that meet the joint MDR requirement at target SNR. Sample joint MDR curves for TRS and PDCCH based PEI, PDSCH BLER are provided in the appendix.

Table 1: Joint MDR performance of TRS and PDCCH based PEI. 1% FAR is assumed for TRS based PEI detection.
	PDSCH 1% BLER
	TB Sca. =0.5, CFO=0.1ppm
	TB Sca. =1, CFO=0 ppm
	TB Sca. =1, CFO=0.1 ppm

	SNR [dB]
	-8.92
	-7.79
	-6.67

	TRS based PEI, 24 RBs (144 REs)
	3 sub-groups, Paging PDCCH: AL 16
	8 subgroups, Paging PDCCH: AL 16
	8+ subgroups, Paging PDCCH: AL ≥8

	TRS based PEI, 36 RBs (288 REs)
	8 subgroups, Paging PDCCH: AL 16
	8+ subgroups, Paging PDCCH: AL 16
	8+ subgroups, Paging PDCCH: AL ≥8

	TRS based PEI, 48 RBs (576 REs)
	8+ subgroups, Paging PDCCH: AL 16
	8+ subgroups, Paging PDCCH: AL 16
	8+ subgroups, Paging PDCCH: AL ≥8

	PDCCH based PEI, AL 4 (288 REs)
	Does not support
	Does not support
	CFO 1ppm, Paging PDCCH: AL ≥8

	PDCCH based PEI, AL 8 (576 REs)
	CFO 0.5ppm, Paging PDCCH: AL 16
	CFO 1ppm, Paging PDCCH: AL 16
	CFO 1ppm, Paging PDCCH: AL ≥8

	PDCCH based PEI, AL 16 (1152 REs)
	CFO 1ppm, Paging PDCCH: AL 16
	CFO 1ppm, Paging PDCCH: AL 16
	CFO 1ppm, Paging PDCCH: AL ≥8



In the above table, for TRS performance, number of sub-groups N mentioned indicate the value that can be supported while meeting the SNR requirement, while N+ indicates that considering the SNR margin, more sub-groups than N could be supported. “Does not support” implies the corresponding configuration cannot meet the requirement. CFO values for PDCCH performance indicates up to what CFO within the considered range, SNR requirements can be met by joint MDR, based on PDCCH based PEI and paging DCI. 

We have the following observations based on the joint MDR performance of TRS and PDCCH-based PEI.

Observation 3: Both TRS and PDCCH-based PEI could meet the MDR requirements however TRS-based PEI provides significant resource overhead advantage over PDCCH-based PEI.
· For example, to meet SNR -7.79dB at 1% BLER for PDSCH with TB scaling 1 and CFO 0ppm, 24 RBs (144 REs) suffices for TRS whereas AL8 (576 REs) are needed for PDCCH-based PEI.

Observation 4: TRS-based PEI may include UE subgrouping information for at least 8 sub-groups where TRS BW can be as low as 24 RBs
Observation 5: AL 8+ seems necessary for PDCCH-based PEI in most cases.
Observation 6: Joint MDR is mostly dominated by paging PDCCH performance, i.e., at the target SNR, MDR of TRS with FAR 1% is much lower than that of paging PDCCH.

Although only TRS-based PEI is considered in the above, SSS-based PEI is also expected to perform similarly as TRS, if not better. In [4],  it was shown that SSS-based PEI also offers very good MDR performance. Hence, joint MDR based on SSS-based PEI (254 REs over two symbols in a slot) is also expected to outperform PDCCH-based PEI at least in terms of resource overhead.
Consideration on coexistence, system, and specification impacts

None of the PEI design seems to impact legacy UE functionality, i.e., legacy paging can be performed as usual. 
Next, we discuss two matters which caused lot of debate in last meeting.

PEI relates to one or multiple PO ?

In our view, 1 PEI to 1PO association should be baseline consideration for comparison. It has been heavily debated in RAN1 104e regarding 1 PEI to multiple PO association. In our view, 1 PEI to multiple PO may have following issues:
· In such case, PEI may indicate sub-groups which span multiple POs. Hence, gap between PEI monitoring occasion and PO for a given UE can be large which can increase paging latency and also feasibility/practicality of such a-priori determination by gNB much ahead of a PO is questionable.
· Spanning sub-groups across multiple PO have significant RAN2 impact and also makes the UE sub-grouping process more complex

Observation 7: Spanning sub-groups over multiple PO causes following issues:
· Gap between PEI monitoring occasion and PO for a given UE can be large which can increase paging latency and also feasibility/practicality of such a-priori determination by gNB much ahead of a PO is questionable.
· It would have significant RAN2 impact and also makes the whole UE sub-grouping process more complex.

Coexistence with legacy signal/channels

PEI may or may not need to be multiplexed with other signal/channels in a slot. Even if they coexist, several scenarios maybe possible
· For PDCCH-based PEI, gNB could use (semi-static/ dynamic) rate matching
· For TRS-based PEI, gNB could use puncturing or (semi-static/ dynamic) rate matching

Considering typical paging rate, difference between puncturing and rate matching are expected to be minimal. Even if rate-matching is assumed and gNB would have to use some more REs than actually occupied by TRS,  it was shown in Table 1 that the difference in RE numbers between the best qualifying TRS and PDCCH-based PEI configurations is quite significant to offset that.

Observation 8: Considering typical paging rate, average resource consumption difference between different coexistence methods are expected to be minimal.


Specification Impact
TRS based PEI design can be based on Rel-15 legacy TRS pattern, whereas PDCCH based PEI may require introduction of a new DCI format. 

Design of Paging Early Indication

Based on the discussion above, we propose the following:
Proposal 2: Support sequenced-based PEI (TRS or SSS based) in Rel-17 for idle/inactive mode UE.
Moreover, we observed that a reasonable number of UE sub-groups can be indicated directly via TRS -based PEI without any significant degradation in the detection performance. If a large number of UE sub-groups need to be indicated, joint indication by PEI and paging DCI can be considered. PEI may indicate a set of UE sub-groups, and subsequently, paging DCI indicates which sub-groups within the indicated set would receive PDSCH. In Table 2, we show power consumption difference when two stage UE sub-grouping indication is provided, compared to when all sub-grouping information is indicated via PEI. We observe that power consumption is only marginally increased. Hence, we have the following observation and proposal.

Table 2: Power consumption (average value/slot) of different UE sub-grouping indication methods. 1 SSB is monitored before PEI. No additional SSB monitoring is assumed between PEI and PO. GPR 10% and 1.28S cycle are assumed.
	# subgroups 
	PEI indication (number of sub-groups/sets)
	PO (number of sub-groups per set)
	Power Consumption - No Cross-Slot Sch.
	Power Consumption – w/ Cross-Slot Sch.

	8
	8
	1
	1.4085
	1.4081

	 
	2
	4
	1.4142
	1.4126

	 
	4
	2
	1.4104
	1.4096

	16
	16
	1
	1.4074
	1.4072

	 
	2
	8
	1.4141
	1.4125

	 
	8
	2
	1.4083
	1.4079

	 
	4
	4
	1.4102
	1.4094




Observation 9: Although PDCCH-based PEI may potentially include information of a larger number of UE sub-groups, this does not seem to offer critical PS advantage compared to the case, when both PEI and Paging PDCCH jointly indicate the UE sub-groups.

Proposal 3: Both PEI and paging DCI may jointly indicate UE sub-grouping information, specially when number of sub-groups is large and PEI is sequence based.

We think signalling design for UE subgrouping can be discussed making progress on the PEI design and corresponding UE behavior.

Proposal 4: Signalling design for UE sub-grouping can be postponed until PEI signal/channel design is confirmed.

Conclusions
In summary, we have following list of proposals and observations:
Observation 1: TRS based PEI may potentially result in more power saving gain than PDCCH based PEI. However, relative gain can be smaller if group paging rate is low and/or PEI includes UE sub-grouping information. 
Observation 2: For 1 PEI to 1 PO association, Behv-B could cause more signalling overhead for PEI transmission and/or increased UE power consumption compared to Behv-A. This makes benefits of Behv-B over Behv-A questionable. 
Observation 3: Both TRS and PDCCH-based PEI could meet the MDR requirements however TRS-based PEI provides significant resource overhead advantage over PDCCH-based PEI.
· For example, to meet SNR -7.79dB at 1% BLER for PDSCH with TB scaling 1 and CFO 0ppm, 24 RBs (144 REs) suffices for TRS whereas AL8 (576 REs) are needed for PDCCH-based PEI.

Observation 4: TRS-based PEI may include UE subgrouping information for at least 8 sub-groups where TRS BW can be as low as 24 RBs
Observation 5: AL 8+ seems necessary for PDCCH-based PEI in most cases.
Observation 6: Joint MDR is mostly dominated by paging PDCCH performance, i.e., at the target SNR, MDR of TRS with FAR 1% is much lower than that of paging PDCCH.

Observation 7: Spanning sub-groups over multiple PO causes following issues:
· Gap between PEI monitoring occasion and PO for a given UE can be large which can increase paging latency and also feasibility/practicality of such a-priori determination by gNB much ahead of a PO is questionable.
· It would have significant RAN2 impact and also makes the whole UE sub-grouping process more complex.

Observation 8: Considering typical paging rate, average resource consumption difference between different coexistence methods are expected to be minimal.

Observation 9: Although PDCCH-based PEI may potentially include information of a larger number of UE sub-groups, this does not seem to offer critical PS advantage compared to the case, when both PEI and Paging PDCCH jointly indicate the UE sub-groups.

Proposal 1: Support Behv-A only as PEI functionality.
· Behv-A:  
· PEI indicates UE should monitor a PO if UE’s group/subgroup is paged
· UE is not required to monitor a PO if UE does not detect PEI at all PEI occasion(s) for the PO
Proposal 2: Support sequenced-based PEI (TRS or SSS based) in Rel-17 for idle/inactive mode UE.
Proposal 3: Both PEI and paging DCI may jointly indicate UE sub-grouping information, specially when number of sub-groups is large and PEI is sequence based.
Proposal 4: Signalling design for UE sub-grouping can be postponed until PEI signal/channel design is confirmed.
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Appendix


Table 3: Link level Simulation parameters for TRS and SSS.
	Parameter
	Value

	Carrier Frequency
	4 GHz

	System BW
	20 MHz

	Number of Tx/Rx antennas
	2 / 4

	SCS
	30 kHz

	Modulation
	TRS – QPSK,

	Channel
	TDL-C

	Delay Spread
	300ns

	UE speed
	27 km/hr

	WUS sequence types
	TRS

	OS mapping
	{4, 8}

	WUS Burst Length 
	1, 2 slots

	BW
	TRS – 24, 36, 48 RBs

	# of sub-groups
	2, 3, 4, 6, 8

	Carrier Frequency offset 
	𝒰(-X, X), X = 0, 0.1, 0.5, 1 ppm of carrier frequency





Table 4: Link level Simulation parameters for PDCCH and PDSCH
	Parameter
	Value

	Carrier Frequency
	4 GHz

	System BW
	20 MHz

	Number of Tx/Rx antennas
	2 / 4

	SCS
	30 kHz

	Modulation
	QPSK for PDCCH, MCS 0 for PDSCH

	Channel
	TDL-C

	Delay Spread
	300ns

	PDCCH configurations
	AL4, AL8, AL16 
12 or 40 info + 24 CRC bits, REG bundle size 6

	PDSCH configurations
	Mapping type A, MCS 0, 48 PRB, TB scaling 1, 0.5 and 0.25, DMRS type 1 with 2 additional DMRS

	UE speed
	27 km/hr

	Duration
	CORESET: 2OS, PDSCH: 12 OS

	CCE to PRB  / VRB to PRB mapping
	Distributed

	BW
	Up to 48RBs

	Carrier Frequency offset 
	𝒰(-X, X), X = 0, 0.1, 0.5, 1 ppm of carrier frequency 
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                     Figure 2:  PDSCH BLER performance and target SNR determination
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                     Figure 2:  Joint MDR performance for PDCCH based PEI, when AL8 is used. Input CFO for paging PDCCH is assumed to be 0.1ppm.
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Figure 3:  Joint MDR performance for TRS based PEI, when 2 sub-groups is indicated. Input CFO for paging PDCCH is assumed to be 0.1ppm.
[image: ]
Figure 4:  Joint MDR performance for TRS based PEI, when 8 sub-groups is indicated. Input CFO for paging PDCCH is assumed to be 0.1ppm.
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Introduction
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Rel


-


17 


work


 


item 


on UE power saving enhancements 


[1]


 


includes the following objective


 


for paging 


enhancements targeting 


enhanced UE 


power 


saving


s


:


 


·


 


Specify enhancements for idle/inactive


-


mode UE power saving, considering system performance aspects 


[RAN2, RAN1]


 


o


 


Study and specify paging enhancement(s) to reduce unnecessary UE paging receptions, subject to no 


impact to legacy UEs [RAN2, 


RAN1]


 


u


 


NOTE: RAN1 to check and update, if needed, evaluation methodology in RAN1 #100 meeting


 


 


In RAN


1 104e [


2


]


, the following was agreed 


in connection to paging enhancements in idle/inactive mode.


 


A
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Carrying UE subgroups information is consider


ed in physical layer design for paging 


enhanc
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-


RS and SSS, the followin
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-


A:


 


 


 


o
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tes UE should monitor a PO if UE’s group/subgrou


p is paged
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UE is not required to monito
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Es. 


 


o


 


Rel


-


15 d
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/signals are assumed as baseline


 


o


 


 


 


Ot
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ltiplexing method with legacy channels/signals can be additionally reported w


ith justification
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·


 


Take Alt 1 as mandato
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nal
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Fo
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RS and S
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