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1. Introduction
In RAN1#104 e-meeting [1], the following were agreed:
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%, 
0. When Behv-A is assumed: 
0. 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
0. The False-Alarm Rate (FAR) of PEI should be no larger than [1%]
0. When Behv-B is assumed: 
1. 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
1. The MDR of PEI should be no larger than [1%]
0. 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.
1. Companies to provide:
1. Information on the utilized detection method for each PEI candidate design (e.g., non-coherent detection or coherent detection)
1. The required #REs to comply with the performance assumptions
1. 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%, 
1. When Behv-A is assumed: 
3. The MDR of PEI should be no larger than 0.1% 
3. The False-Alarm Rate (FAR) of PEI should be no larger than 1%
1. When Behv-B is assumed: 
4. The FAR of PEI should be no larger than 0.1%
4. The MDR of PEI should be no larger than 1%
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.
1. Companies to provide:
2. Information on the utilized detection method for each PEI candidate design (e.g., non-coherent detection or coherent detection)
2. The required #REs to comply with the performance assumptions
2. 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.

This contribution discusses two paging enhancement techniques and provides corresponding performance evaluations regarding power saving gain, reliability, and system impact. 

2. Paging Enhancement Technique #1: Paging Early Indication (PEI) 
It was agreed in RAN1#103-e to support paging early indication (PEI) for UE power saving in idle/inactive mode. The PEI is included in a L1 signal/channel to indicate whether or not the UE needs to wake up for paging PDCCH reception in a PO. In this section, we discuss L1 signal/channel design and some key configuration aspects for PEI.
2.1 L1 signal/channel design
According to the agreement made in RAN1#103-e, three potential solutions are considered regarding the L1 signal/channel design of PEI.
· Alt1: PDCCH based solution
· Alt2: SSS based solution
· Alt3: CSI-RS/TRS based solution

For PDCCH based solution, the PEI can be carried in the payload of a DCI format, for example a DCI format 1_0. A binary bit in DCI can indicate whether or not to monitor PO. To avoid always-on transmission of PEI, UE behaviour regarding to the case when PEI is not detected should be specified. A DCI payload can be used to provide a large size of PEI to one or more UE sub-groups. However, channel resources will be wasted if the PEI is less than 12 bits since the minimum DCI payload size should be at least 12 bits to consider the requirement of Polar Coding for PDCCH. 

Observation 1: It’s waste of channel resource if PEI is less than 12 bits for PDCCH based PEI.

Both SSS based and CSI-RS/TRS based PEI replies on detection of a RS. A RS can be transmitted by NW on demand to indicate existence of paging PDCCH in a PO. A UE wakes up for paging reception when the UE detects corresponding RS. 

For SSS based solution, a RS can be generated from two M-sequences. The RS has a fixed length and is mapped into 127 continuous REs in the frequency domain. To avoid impact to legacy synchronization performance, SSS based PEI should consider some modification on sequence generation, for example consider a cycle shift of the M-sequences. 

Observation 2: SSS based PEI has to consider modification on sequence generation to avoid impact on SSB based synchronization.

For CSI-RS/TRS based solution, a RS is generated from a ZC sequence, where the RS has a flexible length according to a number of occupied RBs configured by higher layer. Any existing CSI-RS/TRS, including new CSI-RS/TRS introduced in Rel-17 can be considered as potential L1 signal design for PEI. A CSI-RS/TRS can be mapped into non-continuous REs across the allocated RBs in the frequency domain and 1/2/4 OFDM symbols in the time domain.  The RE mapping for CSI-RS/TRS based PEI can be determined based on a density in terms of a number of D REs per RB, and a number of N occupied OFDM symbols. Figure 1 illustrated three RE mapping candidates for CSI-RS/TRS based PEI with different values for D and N. 



                  
(a) D = 3 RE/RB, N = 2OS                                           (b) D = 2 RE/RB, N = 4OS

Figure 1: Illustration of potential RE mapping within a slot for CSI-RS/TRS based PEI

Observation 3: TRS/CSI-RS based PEI has flexible configuration for both time/frequency resource allocation and RE mapping within a slot.

For co-existence with legacy signal/channel, legacy rate matching mechanism based on dynamic indication or RRC configuration can be reused for RS-based PEI when the PEI is not transmitted by NW. If dynamic indication of rate-matching is not supported by legacy UEs, the NW can also use power boosting for other signal/channel transmitted in the same symbol where the empty REs reserved for PEI. Therefore, the resources allocated for RS based PEI can be reused if PEI is not transmitted. 

Proposal 1: Support rate-matching and/or power boosting for co-existence of RS-based PEI and legacy signal/channel. 

Performance comparison among the three types of L1 signal/channel designs of PEI are provided in Section 4, a down-selection is needed based on performance regarding
· Power saving gain, 
· Reliability, and
· System impact, including resource overhead and impact to legacy UEs or legacy functionalities.
2.2 Key configuration aspects

Configuration of PEI should be provided to UEs based on higher layer signaling. The content of configuration may vary depending on L1 signal/channel design. However, some configuration aspects are common regardless of the L1 signal/channel design. 

2.2.1 Monitoring occasion of PEI relative to an associated PO
Since PEI is used to indicate UE behavior regarding PDCCH reception in a PO, the MOs for corresponding PEI should be determined relative to the associated PO(s).

First of all, it’s essential to determine the number of associated PO(s) per PEI transmission. A PEI may be associated with more than one POs to reduce resource overhead for PEI transmission. However, NR already supports flexible UE grouping mechanism for paging reception. NW can configure the number of PF and the number of POs per PF by higher layers. A PEI associated with N>1 POs is equivalent to group UEs from the N>1 POs into a single PO and consider N UE subgroups within a PO. So, UE subgrouping within a PO is sufficient if further UEs grouping is needed. Also, when a PEI is associated with multiple POs, the time gap between PEI and PO will be different for UEs from different associated POs, thus lead to different power saving gain. This will increase the difficulty on NW side to configure more proper PEI MOs that are fair to the UEs associated with different POs. 

Observation 4: Flexible UE grouping for paging reception is already supported based on the configuration of a number of PFs/POs per DRX cycle. A PEI associated with one PO with potential UE subgrouping within a PO is sufficient.

Therefore, we propose to support a PEI associated with a single PO. 

Proposal 2: Support 1:1 mapping between a PEI and associated PO.  

To determine the PEI MOs, a time offset, O, between the start of PEI and the start of an associated PO, should be provided to UE. The time offset, O, can be small as illustrated in Figure 2 (a), where the PEI MOs are allocated right before an associated PO. In this case, the UE only needs to wake up one time to process PEI and PO sequentially. But UE has to finish synchronization before PEI or during PEI reception as no additional RS resources are available before paging reception in the associated PO. Alternatively, a large time offset, O, can be considered to allow additional SSBs between PEI and PO as illustrated in Figure 2 (b). A UE may relax the synchronization requirement for PEI reception, and process SSBs for synchronization after PEI reception if the PEI indicate UE to wake up for paging reception. However, the large gap O may not be necessary for some UEs with good channel condition and will increase UE power consumption as the UE has to wake up multiple times for PEI reception and paging reception. Since UE grouping is based on UE ID, it’s difficult for NW to configure large time offset, O, preferable for all UEs within a PO. Also, additional SSBs are not needed if RS based PEI is considered. 

Observation 5: A number of additional SSBs for synchronization after PEI reception are not necessary for UE with good channel condition or RS based PEI.
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(a) PEI allocated right before PO w/ small time offset, O
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(b) PEI w/ large time offset, O, and additional SSBs between PEI and associated PO

Figure 2: Illustration of PEI MOs and UE processing timeline in idle/inactive mode

Therefore, we propose to support a time gap between start of PEI MOs and start of an associated PO without need for additional SSBs between the gap. 

Proposal 3: Support configuration of a time offset, O, between start of PEI monitoring occasions and start of an associated PO without need for additional SSBs between PEI and associated PO.

2.2.2 Multi-beam transmission in idle/inactive state
Another essential configuration aspect to determine regardless of L1 signal/channel design is multi-beam operation of PEI transmission. Same as other signal/channels transmitted in the idle/inactive mode, PEI should be transmitted over N>1 occasions, where each occasion can have a predetermined QCL information. Figure 3 illustrates an example of multi-beam transmissions of SSBs, PEI and PO in idle/inactive mode.


Figure 3: Illustration of multi-beam transmission of PEI

Proposal 4: Support N>=1 PEI monitoring occasions per PEI transmission, where each monitoring occasion is associated with a QCL information.

For PDCCH-based PEI, N >1 reception occasions can be QCLed SSBs, where the SSBs are used as QCL RS. Similar as paging PDCCH, the number of PEI reception occasions equals to the number of M transmitted SSBs per burst, such that N = M.

For RS-based PEI, there is more flexibility for multi-beam operation, considering the fact that the RS can be detected based on on-coherent detection methods. In one method, a TCI state can be provided to UE in the configuration from higher layer, similar as legacy TRS/CSI-RS resource. Alternatively, the RS of PEI can be used as QCL RS for paging PDCCH, where no explicit QCL information for the RS-based PEI are needed. NW can configure wider beams for RS-based PEI with smaller number of MOs than the number of transmitted SSBs per burst, i.e. N <= M. 

Observation 6: RS-based PEI based on non-coherent detection has more flexibility than PDCCH-based PEI in terms of the number of monitoring occasions needed for multi-beam transmission.  

3. Paging Enhancement Technique #2: UE-subgrouping for paging
Another paging enhancement technique for UE power saving in idle mode is UE subgrouping within a PO for paging reception. UE subgrouping can further reduce group paging rate, thus reduce unnecessary wake-ups for paging monitoring. A group paging rate is determined such that  where  is the number of UEs per a UE group, and  is UE paging rate. Since  is determined based on traffic pattern, UE sub-grouping with reduction on UE subgroup size K is the only way to reduce group paging rate. 

Based on RAN2 agreements in [2], two alternatives can be considered to support UE sub-grouping for paging. One is UE subgrouping for paging reception based on legacy paging PDCCH. The other is UE subgrouping based on PEI. 

For UE subgrouping based on paging PEI, the reserved bits in legacy paging PDCCH can be used to indicate UE sub-grouping for paging monitoring. Currently, there are 6 reserved bits in short message and additional 8 reserved bits DCI format 0_1 with CRC scrambled by P-RNTI. So the legacy paging PDCCH can support up to 14 UE subgroups per PO without increase of resource overhead and impact to legacy signal/channel and PEI reception. 

Observation 7: The reserved bits in legacy paging PDCCH support up to 14 UE subgroups per PO without additional resource overhead.

For UE subgrouping in PEI, both PDCCH-based and RS-based PEI are feasible to provide multiple bits of PEI corresponding to multiple UE sub-groups. For PDCCH-based PEI, additional DCI bits can be considered for UE subgrouping. The resource overhead or detection performance will be impacted with respect to the payload size of the PDCCH based PEI. For RS-based PEI, UE subgrouping can be encoded in sequence generation, such that a sequence pool in size of  can be used to indicate PEI for  UE subgroups. In this case, the  UE subgroups share the same resources for PEI reception without resource overhead increased in the system. But, the UE may expect some detection performance degradation of the RS-based PEI and increased detection complexity. Alternatively, UE subgrouping can be achieved based on orthogonal time or frequency resource allocation without impact on the UE side. Figure 4 illustrates an example of using orthogonal resources for UE subgrouping based on CSI-RS/TRS-based PEI. 



Figure 4: Illustration of TRS based PEI with UE subgrouping based on orthogonal resource allocation

Observation 8: Both PDCCH-based PEI or RS-based PEI is feasible for UE sub-grouping.

Proposal 5: Support UE subgrouping based on paging PDCCH and/or PEI.


4. Performance Evaluation 
4.1 Power saving gain 
To evaluate the power saving gain for different paging enhancement techniques, we consider UE power consumption for different UE activities in idle/inactive mode, including 
· (Re)synchronization and loop convergence 
· Paging PDCCH and/or paging PDSCH reception in PO
· Serving cell RRM measurements per DRX cycle
· Intra-frequency RRM measurement with a measurement gap (MG)

First of all, we evaluate average power consumption for the following four cases.
· Case #0: baseline without PEI
· Case #1: PDCCH-based PEI with monitoring occasions after last SSBs burst used for synchronization, where time offset between PEI and PO is small (8ms) as illustrated in Figure 2(a).  
· Case #2: PDCCH-based PEI with monitoring occasions after first SSBs burst used for synchronization, where time offset between PEI and PO is large (8ms, 28ms, 48ms for N_SSBs = 1, 2, 3, respectively) as illustrated in Figure 2(b).  
· Case #3: RS-based PEI with monitoring occasions after last SSBs burst used for synchronization, where time offset between PEI and PO is small (8ms) as illustrated in Figure 2(a). In this case, UE use SSBs for intra-frequency or inter-frequency RRM measurement only, while the RS-based PEI can be used for synchronization or loop convergence before PO.

The processing timeline is illustrated in Figure 1 in Section 2.2.1. For PDCCH-based PEI, we assume the duration of PEI MOs are same as PO, which is 4ms. For RS-based solution, the duration of PEI is assumed to be same as SSBs, which is 2ms. The power saving gain for different L1 signal/channel design of PEI are computed relative to the baseline in Table 1. We consider different channel conditions, where a number of  =1, 2, and 3 SSB bursts are used for synchronization corresponds to high, medium, and low SINR, respectively.  

Table 1: Power saving gain for different L1 signal/channel design for PEI with group paging rate of 10%
	
	PEI design
	Average power
	Power saving gain

	High SINR
(N_SSBs = 1)
	Case #0
	1.87
	

	
	Case #1
	1.71
	8.95%

	
	Case #2
	1.71
	8.95%

	
	Case #3
	1.59
	15.40%

	Medium SINR
(N_SSBs = 2)
	Case #0
	2.82
	

	
	Case #1
	2.76
	2.16%

	
	Case #2
	2.38
	15.64%

	
	Case #3
	2.24
	20.49%

	Low SINR
(N_SSBs = 3)
	Case #0
	3.24
	

	
	Case #1
	3.18
	1.88%

	
	Case #2
	2.42
	25.33%

	
	Case #3
	2.31
	30.84%



According to the evaluation results in table 1, the following are observed:

Observation 9: PDCCH based PEI achieves 2% to 25% power saving gain, which is very sensitive to the monitoring occasions of PEI. The high power saving gain comes at low SINR based on very large time gap between PEI and PO.

Observation 10: RS-based PEI achieves 9% to 31% power saving gain, and achieves at least 5% more power saving gain than PDCCH-based PEI regardless of PEI monitoring occasions and SINR.

Therefore, we propose to prioritize RS based PEI over PDCCH based PEI for the benefit of higher and reliable power saving performance.

Proposal 6: Prioritize RS-based PEI over PDCCH-based PEI for better power saving performance. 

To evaluate power saving gain for UE subgrouping, power saving gain is evaluated relative to a baseline assumes UE paging rate , leads to group paging rate of 10.01% and 19.01% for UE group size of 32 and 64, respectively. The number of SSBs for (re)synchronization assumed is one, . The power saving gain for different number of UE subgroups, K, is provided in Table 2 and Table 3 corresponding to different UE group paging rate.

Table 2: Power saving gain for UE subgrouping w/ group paging rate = 10.01%
	Alternatives
	K=1
	K=2
	K=4
	K=8
	K=16

	PEI
	PDCCH based
	8.95%
	10.27%
	10.96%
	11.31%
	11.49%

	
	RS based
	15.40%
	16.90%
	17.68%
	18.08%
	18.28%

	Paging PDCCH
	0%
	0.57%
	0.86%
	1.02%
	1.09%




Table 3: Power saving gain for UE subgrouping w/ group paging rate = 19.02%
	Alternatives
	K=1
	K=2
	K=4
	K=8
	K=16

	PEI
	PDCCH based
	7.48%
	9.90%
	11.21%
	11.89%
	12.24%

	
	RS based
	13.53%
	16.28%
	17.76%
	18.54%
	18.93%

	Paging PDCCH
	0%
	1.04%
	1.60%
	1.90%
	2.04%



According to evaluation results in Table 3 and Table 4, we observe the following:

Observation 11: UE sub-grouping on paging PDCCH achieves small (up to 2.04%) power saving gain, where the gain depends on initial group paging rate. 

Observation 12: UE sub-grouping on PEI achieves up to 11.49% - 18.93% power saving gain, depending on initial group paging rate, where RS based PEI achieves 1.5x power saving gain than PDCCH based PEI.

Observation 13: The power saving gain converges when number of UE subgroups is large. No need to support UE sub-grouping larger than 4.  

Proposal 7: Support UE subgrouping with UE subgroup size no more than 4.

4.2 Detection performance of PEI 
To minimize the impact to legacy signal/channels, the required SNR to achieve target reliability of PEI should be no larger than the required SNR to achieve the target reliability for paging PDCCH. The link-level detection performance for legacy paging PDCCH/PDSCH and different L1 signal/channel design of PEI are evaluated based on LLS assumptions in Table 4.
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(a) Paging PDCCH                                                    (b)Paging PDSCH (no TB scaling)

Figure 5: BLER for legacy paging PDCCH and paging PDSCH

According to the BLER evaluation on paging PDCCH and paging PDSCH in Figure 5, we observed the required SNR and minimum CFO to avoid impact on legacy paging reception. 

Observation 14: the minimum required SNR to achieve target BLER of 1% for paging PDSCH is -3dB with residual CFO of 0.1ppm.

Based on the agreements from RAN1#104e, two alternatives can be considered to evaluate the reliability for PEI reception. For Alt1, a joint MDR based on MDR/FAR of PEI and MDR of paging PDCCH should be no worse than 1%, while FAR/MDR of PEI should be no worse than 1% at the SNR where the MDR of paging PDSCH is 1%. For Alt 2, MDR/FAR of PEI should be no worse than 0.1%, while FAR/MDR of PEI is no worse than 1%. 

For PDCCH-based PEI, the BLER with 0.1ppm residual CFO is evaluated for different DCI payload size as shown in Figure 6. 
[image: ]
Figure 6: BLER for PDCCH based PEI

Whether or not the potential configuration of PDCCH based on PEI are feasible to avoid impact on legacy paging reception based on Alt1 and Alt2 are summarized in Table 5. 

Table 5: Detection performance for PDCCH based PEI at the SNR where the MDR of paging PDSCH is 1%.
	 
	CCE AL = 4
DCI = 11 to 24 bits
	CCE AL = 8,
DCI = 24bits
	CCE AL = 8,
DCI = 18bits
	CCE AL = 8,
DCI = 12bits
	CCE AL = 16,
DCI = 12 to 18 bits

	MDR_PEI
	>1%
	0.23%
	0.14%
	0.067%
	<0.01%

	FAR_PEI  
	>1%
	0.23%
	0.14%
	0.067%
	<0.01%

	MDR_Joint_A
	>1%
	1.03%
	0.94%
	0.86%
	<0.8%

	MDR_Joint_B  
	>1%
	1.03%
	0.94%
	0.86%
	<0.8%

	Behav-A
	Alt1
	No
	Yes
	Yes
	Yes
	Yes

	
	Alt2
	No
	No
	No
	Yes
	Yes

	Behav-B
	Alt1
	No
	Yes
	Yes
	Yes
	Yes

	
	Alt2
	No
	No
	No
	Yes
	Yes



According to the results in Table 5, we observe the minimum required SNR to achieve target reliability for PDCCH based PEI as follows:

Observation 15: To avoid impact to legacy paging reception, PDCCH-based PEI requires CCE AL = 8 for DCI size no more than 12 bits or CCE AL = 16 for DCI size larger than 12bits. 

For RS-based PEI with FAR of 1%, the MDR for SSS-based solution with different OFDM symbols are provided in Figure 7(a), and CSI-RS/TRS based solution with different configuration on the density (RE/RB), OFDM symbols, and occupied RBs are provided in Figure 7(b). 
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(a) SSS-based PEI                                                           (b) CSI-RS/TRS based PEI

Figure 7: MDR for RS based PEI w/ FAR of 1%

According to simulation results in Figure 7, MDR for SSS-based PEI with 2OS at SNR = -3dB is 0.045%, results in a MDR_joint_A of 0.84%, which satisfies the requirement based on both Alt1 and Alt2. The MDR for CSI-RS/TRS-based PEI with density of 3, 2OS, 36 RBs at SNR = -3dB is 0.1%, results in a MDR_joint_A of 0.90%, which satisfies the requirement based on both Alt1 and Alt2.

Observation 16: To avoid impact to legacy paging reception, SSS-based PEI requires 2 OFDM symbols to achieve MDR_joint_A no worse than 1% with FAR of 1% at SNR <= -3dB.

Observation 17: To avoid impact to legacy paging reception, CSI-RS/TRS-based PEI requires resources with density of 3, 2 OFDM symbols, and 36 RBs to achieve MDR_joint_A no worse than 1% with FAR of 1% at SNR <= -3dB.

4.3 Resource overhead
Resource overhead for PEI will be impacted by determining factors, including
· required number of REs per PEI monitoring occasion to ensure no paging detection performance, denoted as 
· number of PEI reception occasions for multi-beam operation, 
· group paging rate or UE subgroup paging rate,  

For the evaluation and comparison of PEI candidate designs based on PDCCH, TRS/CSI-RS and SSS, the following two types of UE behaviours are can be considered based on agreement from RAN1#104e meeting:
· 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

For Behv-A based PEI, NW transmits PEI only if UE is indicated to monitor PO. Therefore, if the same time or frequency resources are shared among K>=1 UE subgroups, the resource overhead,  can be estimated as

Otherwise, 
.

For Behv-B based PEI, NW is required to transmit PEI only if UE is not paged. Therefore, the resource overhead,  can be estimated as
.

When UE subgrouping on PEI is considered, the resource overhead won’t change for PDCCH based PEI or RS based PEI with different sequence generation. However, the resource overhead may increase when orthogonal resources are considered for RE mapping among different UE subgroups for RS-based PEI. The resource overhead for PEI without additional resource overhead and with additional resource overhead is evaluated in Table 6, and Table 7, respectively.  

Table 6: Resource overhead for different PEI design (no additional resources overhead for UE subgrouping)
	
	
	
	
	

	PDCCH-based
	8CCEs*6REG*12REs = 576
	8
	0.1
	460.8 for Behav-A,
4147.2 for Behav-B

	SSS-based
	2OS*127REs = 254
	4, or 8
	0.1
	101.6 for  = 4,
203.1 for  = 8

	CSI-RS-based
	2OS*36RBs*3RE/RB = 216
	4, or 8
	0.1
	86.4 for  = 4,
172.8 for  = 8



Table 7: Resource overhead for different PEI design with UE subgrouping
	
	K=1
	K=2
	K=4

	PDCCH-based
	Behav-A
	461
	461
	461

	
	Behav-B
	4147
	4147
	4147

	SSS-based
(same resource allocation)
	203
	203
	203

	CSI-RS/TRS-based 
(orthogonal resource allocation)
	173
	178
	180


Note:  for both PDCCH-based and RS-based PEI

According to the evaluation results in Table 6 and Table 7, we can observe the following:

Observation 18: Behav-B requires much large (9x larger w/ group paging rate =10%) resource overhead than Behav-A.

Proposal 8: Support only Behav-A for PEI for the benefit of low resource overhead.

Observation 19: PDCCH-based PEI requires 2.3x to 5.3x larger resource overheads than RS-based PEI for Behav-A.

Observation 20: CSI-RS/TRS based PEI requires slightly smaller resource overhead than TRS based PEI.

Observation 21: There is no additional resource overhead or negligible resource overhead for UE subgrouping based on PEI for both PDCCH based PEI and RS-based PEI.

Therefore, we propose to support RS based PEI for the benefit of low resource overhead

Proposal 9: Prioritize RS-based PEI over PDCCH-based PEI for low resource overhead.


5. Conclusion	
This contribution considered techniques of paging enhancement for power saving in idle/inactive mode. Following proposals and observation were made:
Proposal 1: Support rate-matching and/or power boosting for co-existence of RS-based PEI and legacy signal/channel. 

Proposal 2: Support 1:1 mapping between a PEI and associated PO.  

Proposal 3: Support configuration of a time offset, O, between start of PEI monitoring occasions and start of an associated PO without need for additional SSBs between PEI and associated PO.

Proposal 4: Support N>=1 PEI monitoring occasions per PEI transmission, where each monitoring occasion is associated with a QCL information.

Proposal 5: Support UE subgrouping based on paging PDCCH and/or PEI.

Proposal 6: Prioritize RS-based PEI over PDCCH-based PEI for better power saving performance. 

Proposal 7: Support UE subgrouping with UE subgroup size no more than 4.

Proposal 8: Support only Behav-A for PEI for the benefit of low resource overhead.

Proposal 9: Prioritize RS-based PEI over PDCCH-based PEI for low resource overhead.

Observation 1: It’s waste of channel resource if PEI is less than 12 bits for PDCCH based PEI.
Observation 2: SSS based PEI has to consider modification on sequence generation to avoid impact on SSB based synchronization.

Observation 3: TRS/CSI-RS based PEI has flexible configuration for both time/frequency resource allocation and RE mapping within a slot. 

Observation 4: Flexible UE grouping for paging reception is already supported based on the configuration of a number of PFs/POs per DRX cycle. A PEI associated with one PO with potential UE subgrouping within a PO is sufficient.

Observation 5: A number of additional SSBs for synchronization after PEI reception are not necessary for UE with good channel condition or RS based PEI.

Observation 6: RS-based PEI based on non-coherent detection has more flexibility than PDCCH-based PEI in terms of the number of monitoring occasions needed for multi-beam transmission.  

Observation 7: The reserved bits in legacy paging PDCCH support up to 14 UE subgroups per PO without additional resource overhead.

Observation 8: Both PDCCH-based PEI or RS-based PEI is feasible for UE sub-grouping.

Observation 9: PDCCH based PEI achieves 2% to 25% power saving gain, which is very sensitive to the monitoring occasions of PEI. The high power saving gain comes at low SINR based on very large time gap between PEI and PO.

Observation 10: RS-based PEI achieves 9% to 31% power saving gain, and achieves at least 5% more power saving gain than PDCCH-based PEI regardless of PEI monitoring occasions and SINR.

Observation 11: UE sub-grouping on paging PDCCH achieves small (up to 2.04%) power saving gain, where the gain depends on initial group paging rate. 

Observation 12: UE sub-grouping on PEI achieves up to 11.49% - 18.93% power saving gain, depending on initial group paging rate, where RS based PEI achieves 1.5x power saving gain than PDCCH based PEI.

Observation 13: The power saving gain converges when number of UE subgroups is large. No need to support UE sub-grouping larger than 4.  

Observation 14: the minimum required SNR to achieve target BLER of 1% for paging PDSCH is -3dB with residual CFO of 0.1ppm.

Observation 15: To avoid impact to legacy paging reception, PDCCH-based PEI requires CCE AL = 8 for DCI size no more than 12 bits or CCE AL = 16 for DCI size larger than 12bits. 

Observation 16: To avoid impact to legacy paging reception, SSS-based PEI requires 2 OFDM symbols to achieve MDR_joint_A no worse than 1% with FAR of 1% at SNR <= -3dB.

Observation 17: To avoid impact to legacy paging reception, CSI-RS/TRS-based PEI requires resources with density of 3, 2 OFDM symbols, and 36 RBs to achieve MDR_joint_A no worse than 1% with FAR of 1% at SNR <= -3dB.

Observation 18: Behav-B requires much large (9x larger w/ group paging rate =10%) resource overhead than Behav-A.

Observation 19: PDCCH-based PEI requires 2.3x to 5.3x larger resource overheads than RS-based PEI for Behav-A.

Observation 20: CSI-RS/TRS based PEI requires slightly smaller resource overhead than TRS based PEI.

Observation 21: There is no additional resource overhead or negligible resource overhead for UE subgrouping based on PEI for both PDCCH based PEI and RS-based PEI.
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7. Appendix
. 
Table 4: LLS assumptions
	Parameters
	Values

	Carrier Frequency
	4GHz (FR1)

	SCS
	30KHz

	Transmission BW
	20MHz (FR1)

	Antenna Configuration
	1/2TX 

	Residual CFO
	0.1ppm

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

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

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



Microsoft_Visio_Drawing.vsdx
1
2
3
4
5
6
7
8
9
11
12
13
0









































































































11
10
9
8
7
6
5
4













3













2













1













0



image2.emf
1 2 3 4 5 6 7 8 9 11 12 13 0

11

10

9

8

7

6

5

4

3

2

1

0


Microsoft_Visio_Drawing1.vsdx
1
2
3
4
5
6
7
8
9
11
12
13
0









































































































11
10
9
8
7
6
5
4













3













2













1













0



image3.emf
I-DRX cycle

time

SSBs

light sleep

light sleep

Deep sleep

PO

20ms

10ms

MG

10ms

light sleep

PEI

O


image4.emf
I-DRX cycle

time

light sleep

light sleep

Deep sleep

PO MG

light sleep

PEI

O


image5.emf
1ms

1ms

PEI SSB

Paging PDCCH

PO

O


Microsoft_Visio_Drawing2.vsdx






















































1ms
1ms
PEI
SSB
Paging PDCCH
PO

O







image6.emf
1 2 3 4 5 6 7 8 9 11 12 13 0

11

10

9

8

7

6

5

4

3

2

1

0

UE subgroup#0

UE subgroup#1


Microsoft_Visio_Drawing3.vsdx
1
2
3
4
5
6
7
8
9
11
12
13
0









































































































11
10
9
8
7
6
5
4













3













2













1













0


UE subgroup#0
UE subgroup#1



image7.jpeg
BLER

4GHz, TDL-C 300ns, 20S, DCI = 41bits

10°

10t

—}— AL=4, CFO = Oppm
—fe— AL=8, CFO = Oppm
—¥— AL=16, CFO = Oppm

- - - AL=4, CFO = 0.3ppm

- - ~AL=8, CFO = 0.3ppm

- - - AL=16, CFO = 0.3ppm
-0 9 -8 -7 -6 -5 -4 -3 -2 -1 [
SNR/dB





image8.jpeg
BLER

10°

107!

4GHz, TDL-C 300ns, MCS 0, 48RBs

—}— residual CFO= 0 ppm
—f— residual CFO=

. 1ppm

—¥— residual CFO=

.4 ppm

6 -5
SNR/dB

4 3 2 -





image9.jpg
BLER

4GHz, TDL-C 300ns, 20S, CFO:0.1ppm

—¥— AL=4, DCI=12bits
—k— AL=8, DCI=12bits
—¢— AL=16, DCl=12bits
8bits
8bits
18bits
4bits
4bits

107
-10

=5
SNR/dB





image10.jpg
SSS based PEI

10°

—¥— 105
—¥e— 205

210 9 -8 -7 6 -5 -4 -3 -2 -1
SNR/dB




image11.jpeg
CSI-RS/TRS based PEI

10°

—k— Density=3, 105, 48RBs.
—f— Density=3, 205, 36R8s
—j— Density=3, 205, 48RBs

o

10 9 8 -7 6 -5 -4 -3 -2 -1 0
SNR/dB




image1.emf
1 2 3 4 5 6 7 8 9 11 12 13 0

11

10

9

8

7

6

5

4

3

2

1

0


