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Introduction
In 3GPP TSG RAN#103-e meeting, the following agreements on potential paging enhancements were reached [1].  
	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: 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, the power saving enhancement for paging are discussed.

Link level simulation
For RRC idle/inactive mode, UE needs to monitor paging occasions (PO) to check whether there is paging DCI or not in each paging cycle. If the PDCCH is successfully decoded, UE receives the PDSCH to check whether it is paged or not. When the UE is not paged, the unnecessary reception of paging DCI and the SSB processing for synchronization cause a lot of power consumption. 
In previous meetings, some potential paging enhancement schemes such as PEI (paging early indication), sub-grouping for paging, cross-slot scheduling for paging PDSCH were discussed. PEI can be used to inform UE whether the UE need to monitor the paging DCI or not in the subsequent PO. If the PEI indicates “no paging message”, UE can skip the unnecessary operation including PDCCH/PDSCH reception and some SSB processing. 
The introduction of PEI is a good way for UEs to reduce the power consumption. Based on the agreements in the RAN1-#103e meeting, for NR idle/inactive-mode paging enhancement, paging early indication before paging occasion is supported from RAN1 perspective. However, the prerequisite is that PEI should not lead to paging performance degradation. Therefore, the performance of paging DCI, paging PDSCH and the PEI is first investigated.

Paging detection performance
When considering paging enhancement schemes, it must be ensured that the system reliability, especially the paging detection performance, is not affected. In this section, the detection performance of paging DCI and paging PDSCH with different carrier frequency offset (CFO) is simulated.
With the link level simulation assumptions in Table A1, the evaluation results of paging PDCCH and PDSCH are shown in Figure 1 and Figure 2, respectively.
[image: ][image: ]
Figure 1 Link level evaluation results of paging PDCCH   Figure 2 Link level evaluation results of paging PDSCH

From the Figure 1 and Figure 2, it can be seen that when the CFO is no larger than 0.5 PPM, the detection performance loss of PDCCH and PDSCH is small (less than 0.2 dB). It also can be observed that the required SNR of paging PDSCH is higher than the required SNR of paging PDCCH. Hence, the SNR of paging PDSCH should be considered as a threshold to evaluate the performance of PEI design.
[bookmark: _Toc16065][bookmark: _Toc26777]When the CFO is no larger than 0.5 PPM, the detection performance loss of PDCCH and PDSCH is less than 0.2 dB.
[bookmark: _Toc12456][bookmark: _Toc28165]The SNR of paging PDSCH should be considered as a threshold to evaluate the performance of PEI.

PEI performance
PEI can be used to inform UE whether the UE need to monitor the paging DCI or not in the subsequent PO. If the PEI indicates “no paging message”, UE can skip the unnecessary paging PDCCH / PDSCH reception. In this section, the performance of three candidate PEI, i.e., DCI-based PEI, SSS-like PEI and CSI-RS like PEI, is provided.
· DCI-based PEI
For the NR channel coding chain, zero bits will be padded before Polar code encoding until the payload size equals 12. Hence, the payload size of DCI-based PEI is assumed to be 12 in the link level simulations. Figure 3 shows the MDR/BLER performance of DCI-based PEI when the aggregation level is 4 or 8.
[image: ]
Figure 3 MDR/BLER performance of DCI-based PEI

The MDR performance in Figure 3 shows that there is little performance difference when frequency error is not larger than 0.5 PPM. Especially, when the frequency error is 0.1 PPM, the MDR performance is basically not affected.
Furthermore, it can be observed from Figure 2 and Figure 3 that the required SNR of DCI-based PEI with aggregation level 4 is lower than the required SNR of PDSCH for the BLER=10-2. The performance of DCI-based PEI meets the required performance set by paging PDSCH.
[bookmark: _Toc26131][bookmark: _Toc7478]When frequency error is not larger than 0.5 PPM, the performance loss of DCI-based PEI is negligible.
[bookmark: _Toc3999][bookmark: _Toc31927]Considering BLER target down to 10-2, the required SNR of DCI-based PEI with the aggregation level 4 is lower than the required SNR of PDSCH, that is, the performance of DCI-based PEI meets the required performance set by paging PDSCH.
In addition, the DCI-based PEI has good link adaption as the aggregation level can be configured flexibly. As shown in Figure 3, when the aggregation level is 8, the performance is about 3dB better than that when the aggregation level is 4. Therefore, for the UE with reduced receiving antenna, it can obtain better detection performance with higher aggregation level.
[bookmark: _Toc13316][bookmark: _Toc21673]DCI-based PEI with flexible aggregation level can achieve good link adaption and stable detection performance.
· SSS-like PEI
Figure 4 provides the MDR performance of SSS-like PEI. For one-symbol SSS-like PEI, the resource occupation is 127 REs. 
 [image: ] [image: ]
Figure 4 MDR performance of SSS-like PEI

It can be seen from Figure 4 that the FAR requirement and MDR performance is a trade-off. It should be pointed out that a lower FAR requirement will increase the probability that UE wakes up to detect PO when there is actually no PEI transmitted, which will lead to higher UE power consumption. The performance of SSS-like PEI with FAR=10-3 is about 1 dB worse that the performance of SSS-like PEI with FAR=10-2. What’s more, the performance of one-symbol SSS-like PEI is not sensitive to the frequency error. However, it should be noted that the one-symbol SSS-like PEI (with 127 REs, FAR=10-2) has about 1dB performance loss compared to the BLER performance of PDSCH. It means the detection performance of one-symbol SSS-like PEI cannot meet the performance requirement if the SNR of PDSCH is considered as the target. 
To improve the detection performance of SSS-like PEI, the performance of two-symbol SSS is simulated as show in Figure 4.For two-symbol SSS-like sequence (127*2 REs in total), the MDR performance with 0 PPM frequency error can meet the detection requirements. But the detection performance is more sensitive to frequency error. When the frequency error is 0.5 PPM, the performance loss will reach to 0.5dB. 
[bookmark: _Toc10344][bookmark: _Toc28770]For the detection performance of SSS,
· the required SNR of one-symbol SSS is larger than that of PDSCH when BLER=10-2, that is, the one-symbol SSS cannot meet the detection performance requirements;
· the detection performance of two-symbol SSS is sensitive to frequency error.

· CSI-RS like PEI
The MDR performance of CSI-RS like PEI is shown in Figure 5. For the-one symbol CSI-RS like PEI, 48 RBs and density 3 are assumed, so the total resource occupation is 144 REs.
[image: ][image: ]
Figure 5 MDR performance of CSI-RS like PEI

Similar to SSS-like PEI, one-symbol CSI-RS like PEI is not sensitive to the frequency error when the frequency error is no larger than 0.5 PPM, In terms of performance, the SNR of one-symbol CSI-RS is larger than the SNR of PDSCH, i.e., one-symbol CSI-RS like PEI still cannot meet the performance requirement. But two-symbol CSI-RS like PEI (144*2 REs in total) is sensitive to the frequency error.
[bookmark: _Toc19171][bookmark: _Toc23989]For the detection performance of CSI-RS,
· the required SNR of one-symbol CSI-RS is larger than that of PDSCH when BLER=10-2, that is, the one-symbol CSI-RS cannot meet the detection performance requirements;
· the detection performance of two-symbol CSI-RS is sensitive to frequency error.

[bookmark: _Toc4791]Techniques should be considered to improve the detection performance of SSS-like PEI and CSI-RS-like PEI. 
To sum up, DCI-based PEI has better performance and robustness compared with SSS-like PEI and CSI-RS like PEI.
[bookmark: _Toc11596][bookmark: _Toc371]Compared with SSS-like PEI and CSI-RS like PEI, DCI-based PEI has better performance and robustness.
Analysis on paging enhancement schemes
According to the following agreements in RAN1-#102e meeting, the metrics such as power saving gain, resource overhead, and impacts to other legacy functionalities should be considered in the design of PEI.
	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]



Power saving gain
According to the simulation results provided by the companies, the power saving gain is higher when UE sub-grouping indication is carried by PEI. Therefore, when discussing paging enhancement schemes, the combination of sub-grouping and PEI should be considered.
In this section, the power saving gain from PEI and PEI carrying sub-grouping scheme with different UE processing timeline are given. The numerical simulation of power saving gain takes into account the position of PEI, sequence-based PEI, DCI-based PEI and the different offset between PO and SSB. The offset values between PO and SSB are 5 ms, 10 ms and 15 ms, respectively. The numbers of sub-groups to be considered are 1, 4, 8 and 16. When the sub-group number is 1, it means sub-grouping is not used. 
The number of SSB processed before PO reception depends on many factors, such as SINR condition, UE capability of equipped receiving antenna, frequency error after UE wakes up from sleep, etc. In this section, the typical cases when UE needs to process two or one before PO are considered.

· Two SSB before PO
[image: ]
Figure 6 UE processing timeline (Two SSB before PO)

PEI can be located in multiple positions, such as, before the SSB, after the SSB, or close to the PO. Some potential locations of PEI is illustrated in Figure 6. However, if the PEI location is not properly configured, the UE may fail to enter into deep sleep, and the power consumption of ramp up and ramp down is increased. The power saving gain from PEI in different positions should be analyzed to provide an insight into a proper PEI position. According to the link level simulation results of PEI performance, when the residual frequency error is no larger than 0.5PPM, the performance loss of DCI-based PEI, sequence-like PEI is negligible. Therefore, both DCI-based PEI and sequence-based PEI can be placed in the position 1-5 shown in Figure 6. 
[bookmark: _Toc21650][bookmark: _Toc15845]Both DCI-based PEI and sequence-based PEI can be placed in the position 1-5 in Figure 6. 
Figure 7 shows the power saving gain of PEI in the position 1~5. Note the PEI is assumed as a wake-up indication and the offset between PO and SSB is 10 ms. The group paging rate per PO is denoted as “RG”.
[image: 7]
Figure 7 Power saving gain provided by PEI (Two SSBs before PO)

Based on the simulation results in Figure 7, it can be seen that 
· the power saving gains obtained by the PEI located in location 1 and location 2 are basically the same; 
· the PEI located near the first SSB provides the maximum power saving gain;
· for PEI without sub-grouping, the power saving gain brought by PEI will obviously decrease when group paging rate increases.
[bookmark: _Toc53][bookmark: _Toc6351]Based on the simulation results in Figure 7, it can be seen that 
· the power saving gains obtained by the PEI located in location 1 and location 2 are basically the same; 
· the PEI located near the first SSB provides the maximum power saving gain;
· for PEI without sub-grouping, the power saving gain brought by PEI will obviously decrease when group paging rate increases.

The power saving gain from different number of UE sub-groups indicated by PEI per PO is calculated and shown in Figure 8. It can be seen that the PEI with sub-group indication provides higher power saving gain, especially for the large group paging rate. When the number of UE sub-groups increase, the power saving gain increases.
[image: 8]
Figure 8 Power saving gain provided by PEI with sub-grouping 

[bookmark: _Toc12830][bookmark: _Toc6332]PEI with sub-grouping can provides higher power saving gain, especially for the large group paging rate. 
[bookmark: _Toc27819][bookmark: _Toc4425]The combination of PEI and sub-grouping indication should be supported.

[image: 9a][image: 9b][image: 9c]
Figure 9 Power saving gain from DCI-based PEI and sequence-based PEI

In the previous meeting, the proponent of sequence-based PEI believed that the sequence-based PEI brings about more power saving gain if the sequence-based PEI can be utilized for synchronization. Therefore, the power saving gain from DCI-based PEI, sequence-based PEI with synchronization and sequence-based PEI without synchronization functionality are compared in Figure 9. When sequence-based PEI is used for synchronization, it is assumed that UE can reduce one SSB processing based on the timeline in Figure 6. Note that in Figure 9, “sequence-w/o-sync” denotes sequence-based PEI without synchronization function, and “sequence-w-sync” denotes sequence-based PEI with synchronization function. 
From Figure 9, it can be seen even it is assumed the sequence-based PEI to be used for synchronization, the additional power saving gain is marginal. The power saving gain from DCI-based PEI and sequence-based PEI is almost the same. In fact, as the sequence-based PEI is used to indicate RRC idle/inactive state UE to whether to detect PO or not, the sequence-based PEI cannot be supposed to be “always-on”. If the sequence-based PEI is not transmitted, UE would perform frequency error correction based on the noise, it will degrade the performance of synchronization, sequence-based PEI, paging PDCCH and paging PDSCH. 
[bookmark: _Toc29275][bookmark: _Toc25251]The power saving gain of DCI-based PEI and sequence-based PEI is almost the same.
Note that in Figure 7 - Figure 9 above, the offset between SSB and PO is 10 ms. For other cases, for example, the power saving gain when the offsets between SSB and PO is 5 ms and 15 ms is given in Appendix B.
· One SSB before PO
[image: ]
Figure 10 Potential PEI location (one SSB before PO)

As shown in Figure 10, when there is only one SSB before PO, the serving cell measurement relies on this SSB. Therefore, regardless of the PEI position (i.e., position 1~3 in Figure 10) or the PEI type (i.e., DCI-based PEI or sequence-based PEI), UE cannot reduce the processing of SSB. Therefore, DCI-based PEI and sequence-based PEI have the same power saving gain in the same position. 
[image: 11]
Figure 11 Power saving gain provided by PEI (One SSB before PO)

From the Figure 11, it can be seen the PEI near the SSB can provide higher power saving gain. And the power saving gain corresponding to location 1 and location 2 are basically the same.
[bookmark: _Toc4714][bookmark: _Toc29908]When there is only one SSB before PO,  
· DCI-based PEI and sequence-based PEI have the same power saving gain in the same position;
· the PEI located before and after the SSB before PO brings similar power saving gain.

Resource overhead
According to the above description, when the group paging rate is large, the power saving gain brought by PEI-only is obviously decreased, while sub-grouping can make up for this. Therefore, it is a good solution to combine PEI and UE sub-grouping. And the resource overhead in addition to power saving gain should be considered. According to the discussion in [2], the resource overhead per sub-group is calculated as the following:
Resource overhead per sub-group = (Required RE number ensuring no paging detection performance impact) × (PEI transmission probability) ÷ (Number of sub-groups).
DCI-based PEI
As zero bits will be padded into the payload before Polar code encoding until the payload size equals 12, carrying some sub-grouping information will not affect the detection performance of DCI-based PEI or resource overhead if the number of payload size is no larger than 12. For DCI-based PEI, network needs to transmit PEI as long as any sub-group associated with the PEI needs to detect PO. So the PEI transmission probability is equal to group paging rate, i.e., RG. The occupied RE number per sub-group can be expressed as
[bookmark: OLE_LINK1]RE_DCI-based PEI = (72 REs×AL_PEI) × RG ÷ Nsub-group= (72 REs×4) × RG ÷ Nsub-group.
Where Nsub-group is the number of sub-groups. As shown in Figure 3, the PEI with aggregation level 4 can satisfy the PEI detection performance, AL=4 is assumed. 

Sequence-based PEI
For the sequence-based PEI, the CDM, TDM or FDM techniques can be used to carry the sub-grouping indication. For the sub-grouping indication by the CDM-ed sequence-based PEI, the time and frequency resource overhead remains the same. However, the detection performance will decrease due to the reduced transmission power and interference among multiple sequences.
As shown in Figure 12, when there are four sequences transmitted simultaneously, the performance loss can reach to 6 dB at BLER=1%. 
[image: ]
Figure 12 MDR performance when multiple PEI sequences occupy the same resource

To avoid performance loss and ensure that the sequence-based PEI meet the performance requirement, it is necessary to map multiple sequence-based PEI into different time or frequency resources. Therefore, the RE number per sub-group can be expressed as
RE_sequence-based PEI = (Required RE number ensuring no paging detection performance impact) × (PEI transmission probability).
If the sequence-based PEI serves as a wake-up-signal, the transmission probability equal to sub-group paging rate. 
[bookmark: OLE_LINK2]For SSS-like PEI, assume that the sequence-based PEI occupies two symbols, so the occupied RE number per sub-group is as the following
RE_SSS-like PEI = 127×2×Rsub-group.
For CSI-RS based PEI, assume that bandwidth is 48 RBs and the RE density is 3, then the occupied RE number per sub-group is as below
RE_CSI-RS based PEI = 144×2×Rsub-group.

To sum up, the occupied RE number per sub-group is summarized in Table 1.
Table 1 Occupied RE number per sub-group
	RG
	Nsub-group
	DCI-based PEI
	SSS-like PEI
	CSI-RS based PEI

	10%
	4
	7.2
	6.6
	7.5

	
	8
	3.6
	3.3
	3.7

	
	16
	1.8
	1.8
	2.0

	40%
	4 
	28.8
	30.5
	34.6

	
	8 
	14.4
	15.2
	17.3

	
	16 
	7.2
	7.9
	8.9

	60%
	4 
	43.2
	59.0
	52.1

	
	8 
	21.6
	31.1
	27.4

	
	16 
	10.8
	16.1
	14.2



Take 8 sub-groups as an example, the occupied RE number per sub-group is shown in Figure 13.
[image: 13]
Figure 13 Occupied RE number per sub-group

According to Table 1 and Figure 13, when group paging rate is 10%, the number of REs required by DCI-based PEI is close to the number of resources required by sequence-based PEI. When group paging rate is larger than 10%, the number of resources required by DCI-based PEI is smaller than SSS-like PEI or CSI-RS-like PEI.
[bookmark: _Toc10204][bookmark: _Toc18373]Regarding the resource overhead of PEI, it can be observed that
· When group paging rate is 10%, the number of REs required by DCI-based PEI, SSS-like PEI and CSI-RS-like PEI are almost the same. 
· When group paging rate is larger than 10%, the number of resources required by DCI-based PEI is smaller than SSS-like PEI or CSI-RS-like PEI.
Note that the resource configured for PEI transmission could be collided with other reference signal or data transmission. In this case, for the DCI-based PEI, a similar mechanism with DCI format 2_6 can be considered, for example, UE wakes up by default. However, for the sequence-based PEI with wake-up indication, if the PEI is not transmitted due to resource collision, UE will not detect the PEI and enter into sleep, which will affect the performance and efficiency of PO reception. Therefore, using sequence-based PEI as a go-to-sleep signal is another choice. When sequence-based PEI works as a go-to-sleep (GTS) signal, its transmission probability is 1-Rsub-group. The occupied RE number per sub-group by PEI as a GTS signal is shown as below and results is shown in Table 2.
RE_SSS-like PEI = 127×2×(1-Rsub-group).
RE_CSI-RS based PEI = 144×2×(1-Rsub-group).
Table 2 Occupied RE number per sub-group by PEI as a GTS signal 
	RG
	Nsub-group
	SSS-like PEI
	CSI-RS based PEI

	10%
	4
	280.5
	247.4

	
	8
	284.3
	250.7

	
	16
	286.0
	252.2

	40%
	4 
	253.4
	223.5

	
	8 
	270.1
	238.3

	
	16 
	279.1
	246.1

	60%
	4 
	229.0
	201.9

	
	8 
	256.9
	226.6

	
	16 
	271.9
	239.8



From the Table 2, it can be seen that when the sequence-based PEI works as a GTS signal, its resource load is much greater than the resource overhead of DCI-based PEI.
[bookmark: _Toc32469][bookmark: _Toc26330]When the sequence-based PEI acts as a GTS signal, its resource load is much greater than the resource overhead of DCI-based PEI.

System impact
When PEI indicates that there is no paging message, the power saving gain comes from the skipping of PO reception. However, it should be noted that in addition to the scheduling information of paging message, the paging DCI also carries other important information, such as systemInfoModification and etwsAndCmasIndication which are indicated in short message. The delivery of other information carried in the legacy paging DCI should be considered in the design of PEI.
Besides, the periodic TRS configured to RRC connected mode UE can also be broadcasted via SIB to assist the RRC idle/inactive state to acquire ACG and synchronization. If the periodic TRS is not available, for example, due to there is no RRC connected mode UE in the cell, the network has the flexibility to stop to transmit the periodic TRS for RRC idle/inactive UE. The availability indication of TRS to RRC idle/inactive UE is necessary to achieve power saving purpose and guarantee no performance degradation. And this availability indication can be conveyed by PEI.
[bookmark: _Toc16936][bookmark: _Toc27518]The system information change and availability indication of periodic TRS can be conveyed by PEI.
For DCI-based PEI, a DCI format similar to DCI format 2-6 can be considered. Regarding the design of search space set and CORESET, the resources of legacy DCI format can be reused. While for sequence-based paging indication, all the factors such as the sequence generation, the resource mapping, suppression of cell interference, etc., should be considered. It is clear that the workload of the design of sequence-based PEI is much heavier.
In addition, compared with sequence-based PEI, DCI-based PEI has higher flexibility. For example, DCI-based PEI can be flexibly adapted to different number of paging sub-groups. However, sequence-based PEI has low flexibility and may affect existing signals. For example, if SSS-like PEI is used, the PEI may be taken as an SSS by other UE for initial access or neighbor cell measurement. Hence, how to ensure that the functionality of existing SSS is not affected is a problem that cannot be ignored.
What’s more, the DCI-based PEI has good link adaption as the aggregation level can be configured flexibly. For the UE with reduced receiving antenna, it can obtain better detection performance with higher aggregation level. While sequence-based PEI cannot ensure the detection performance for the UE with reduced receiving antenna.
[bookmark: _Toc2924][bookmark: _Toc25743]Compared with sequence-based PEI, DCI-based PEI has less the system impact.

Summary
Based on the above discussion, the comparison of DCI-based PEI and SSS/CSI-RS-like PEI is summarized in Table 3.

Table 3 Comparison between DCI-based PEI and SSS/CSI-RS-like PEI
	
	DCI-based PEI
	SSS/CSI-RS-like PEI

	Performance
	MDR: Better performance ;
FAR: 2-21.
	MDR: One-symbol PEI CANNOT meet the performance requirement; two-symbol PEI is sensitive to frequency error;
· FFS: how to improve the performance.
FAR: 1%, much larger than DCI-based PEI, lead to higher UE power consumption.

	Power saving gain
	Almost the same.

	Resource overhead
	
Group paging rate = 10%: Almost the same with the sequence-based PEI carrying WUS. 
Group paging rate > 10%: Less than sequence-based PEI carrying WUS.


	PEI carrying WUS:
Group paging rate = 10%: Almost the same with the DCI-based PEI. 
Group paging rate > 10%: Higher than DCI-based PEI.
PEI carrying GTS:
Much higher than DCI-based PEI.

	Flexibility
	High flexibility. 
· DCI-based PEI can be flexibly adapted to different number of sub-groups.
· The aggregation level can be flexibly adjusted to improve the coverage for different UE types or capability. .
	Low flexibility.

	System impact
	1)Carry more information, such as,
· SI change and ETWS,
· TRS availability indication.
2) No impact on the existing signal channels.
3) Smaller standardization workload.
	1) No more information can be carried if the resource load is not increased.
2) Impact on the functionalities of existing signals, e.g., SSS.
3) Heavier standardization workload, such as, 
· CDM, TDM, or FDM, if sub-grouping is carried
· sequence generation, 
· resource mapping, 
· cell interference.
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Conclusion
In this contribution, we discuss the power saving enhancement schemes for paging. We have the following observations and proposals.
1. When the CFO is no larger than 0.5 PPM, the detection performance loss of PDCCH and PDSCH is less than 0.2 dB.
The SNR of paging PDSCH should be considered as a threshold to evaluate the performance of PEI.
When frequency error is not larger than 0.5 PPM, the performance loss of DCI-based PEI is negligible.
Considering BLER target down to 10-2, the required SNR of DCI-based PEI with the aggregation level 4 is lower than the required SNR of PDSCH, that is, the performance of DCI-based PEI meets the required performance set by paging PDSCH.
DCI-based PEI with flexible aggregation level can achieve good link adaption and stable detection performance.
For the detection performance of SSS,
· the required SNR of one-symbol SSS is larger than that of PDSCH when BLER=10-2, that is, the one-symbol SSS cannot meet the detection performance requirements;
· the detection performance of two-symbol SSS is sensitive to frequency error.
For the detection performance of CSI-RS,
· the required SNR of one-symbol CSI-RS is larger than that of PDSCH when BLER=10-2, that is, the one-symbol CSI-RS cannot meet the detection performance requirements;
· the detection performance of two-symbol CSI-RS is sensitive to frequency error.
Observation 8: Techniques should be considered to improve the detection performance of SSS-like PEI and CSI-RS-like PEI.
Observation 9: Compared with SSS-like PEI and CSI-RS like PEI, DCI-based PEI has better performance and robustness.
Observation 10: Both DCI-based PEI and sequence-based PEI can be placed in the position 1-5 in Figure 6.
Observation 11: Based on the simulation results in Figure 7, it can be seen that
· the power saving gains obtained by the PEI located in location 1 and location 2 are basically the same; 
· the PEI located near the first SSB provides the maximum power saving gain;
· for PEI without sub-grouping, the power saving gain brought by PEI will obviously decrease when group paging rate increases.
Observation 12: PEI with sub-grouping can provides higher power saving gain, especially for the large group paging rate.
Observation 13: The power saving gain of DCI-based PEI and sequence-based PEI is almost the same.
Observation 14: When there is only one SSB before PO,
· DCI-based PEI and sequence-based PEI have the same power saving gain in the same position;
· the PEI located before and after the SSB before PO brings similar power saving gain.
Observation 15: Regarding the resource overhead of PEI, it can be observed that
· When group paging rate is 10%, the number of REs required by DCI-based PEI, SSS-like PEI and CSI-RS-like PEI are almost the same. 
· When group paging rate is larger than 10%, the number of resources required by DCI-based PEI is smaller than SSS-like PEI or CSI-RS-like PEI.
Observation 16: When the sequence-based PEI acts as a GTS signal, its resource load is much greater than the resource overhead of DCI-based PEI.
Observation 17: Compared with sequence-based PEI, DCI-based PEI has less the system impact.

Proposal 1: The combination of PEI and sub-grouping indication should be supported.
Proposal 2: The system information change and availability indication of periodic TRS can be conveyed by PEI.
Proposal 3: Adopt DCI-based PEI to reduce the paging reception for RRC idle/inactive state UE.
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Appendix A: Simulation assumptions
Table A1. Simulation assumptions for residual frequency error 
	Parameters
	Values

	Carrier Frequency
	4GHz

	Transmission BW
	20MHz

	SCS
	30KHz

	Antenna Configuration
	2Tx and 4Rx

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

	Frequency error
	[-0.5, +0.5]ppm before SSB,
0 - 0.5 PPM for detection performance

	PDCCH configuration
	Paging DCI: AL8, 41 info + 24 CRC bits, REG bundle size 6;
DCI-based PEI:AL4/8, 12 info + 24 CRC bits, REG bundle size 6.

	PDSCH configuration
	Mapping type A, MCS 0, 48 PRB, TB scaling 1, DMRS type 1 with 2 additional DMRS




Appendix B: Power saving gain
In this section, the power saving gain from PEI with offset between SSB and PO equaling to 5ms and 15 ms are provided (Two SSBs before PO).

· Offset between SSB and PO: 5 ms
Figure B1 shows the power saving gain of PEI in location 1-5 in Figure 6. Figure B2 provides the comparison between DCI-based PEI and sequence-based PEI.
[image: B1]
Figure B1 Power saving gain provided by PEI (offset=5ms)

[image: B2a][image: B2b][image: B2c]
Figure B2 Comparison between DCI-based PEI and sequence-based PEI (offset=5ms)


· Offset between SSB and PO:15 ms

Figure B3 and Figure B4 show the power saving gain of PEI in different locations and the comparison between DCI-based PEI and sequence-based PEI when offset between PO and nearest SSB is15 ms.

[image: B3]
Figure B3 Power saving gain provided by PEI (offset=15ms)

[image: B4a][image: B4b][image: B4c]
[bookmark: _GoBack]Figure B4 Comparison between DCI-based PEI and sequence-based PEI (offset=15ms)
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