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1. [bookmark: _Toc120549591]Introduction
In RAN1#102-e meeting, the following agreements about evaluation parameters for paging enhancement were agreed [1].
Agreements:
For study of Rel-17 paging enhancement, the following are assumed as a baseline for FR1 and FR2:
· Reference configuration for FR1/FR2 as specified in Section 8.1.1/8.1.2 of TR 38.840
· Note: the setting for some PDSCH parameters may not be applicable for RedCap UEs
· Baseline paging cycle length: [1.28] second 
· SS burst related assumptions:
· 20 ms periodicity
· 2 ms duration for serving cell RRM measurement, which can overlap with the one for synchronization before PO
· FFS time/frequency tracking
· Measurement related assumptions:
· 20 ms SMTC periodicity
· 2 ms SMTC window for intra-frequency RRM measurement, assuming synchronized deployment
· [5 ms SMTC window and 6 ms measurement gap for inter-frequency RRM measurement]
· Note: RAN4 requirement assumes one frequency layer per measurement gap, and 0.5 ms is assumed for switch in/out a frequency layer
· Note: the inclusion of potential TRS/CSI-RS occasions can be considered

Agreements:
The following power consumption model for FR1 is utilized for the evaluations of Rel-17 UE power saving enhancements in idle/inactive mode
· FFS: FR2 power consumption model for idle/inactive mode operations
	· Power State
	Relative Power
(FR1 reference from TR 8438.840)
	Relative Power 
(Idle/inactive-mode operation with reception bandwidth 20 MHz)

	Deep Sleep (PDS)
	1
	1

	Light Sleep (PLS)
	20
	20

	Micro sleep (PMS)
	45
	45

	PDCCH-only (PPDCCH)
	100
	50Note

	PDCCH + PDSCH (PPDCCH+PDSCH)
	300
	120

	PDSCH-only (PPDSCH)
	280
	112

	SSB/CSI-RS proc. (PSSB)
	100 (synchronization or serving cell measurement)
	50

	Intra-frequency RRM measurement (Pintra)
	        150 (synchronous case, N=8, measurement only; Pintra, meas-only)
        200 (combined search and measurement; Pintra, search+meas)
	        [60] (synchronous case, N=8, measurement only; Pintra, meas-only)
        [80] (combined search and measurement; Pintra, search+meas)
0
0.

	Inter-frequency RRM measurement (Pinter)
	·        150 (measurement only per freq. layer; Pinter, meas-only)
·        150 (neighbor cell search power per freq. layer; Pinter, search-only)
·        Micro sleep power assumed for switch in/out a freq. layer
	·        [60] (measurement only per freq. layer; Pinter, meas-only)
·        [150] (neighbor cell search power per freq. layer; Pinter, search-only)
·        Micro sleep power assumed for switch in/out a freq. layer
Z 

	Note: Power scaling to 20MHz reception bandwidth follows the rule in Section 8.1.3 of TR 38.840, i.e., max{reference power * 0.4, 50}.



Agreements:
Group paging rate of 10% is assumed for the evaluation of Rel-17 paging enhancement
· FFS: Another group paging rate > 10%
· Note: If UE sub-grouping is applied, the sub-group paging rate can be reduced w.r.t. the total sub-group number for a PO
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]
Agreements:
· For the study of paging enhancement, 1, 2, or 3 SS burst processing is assumed before PO
Note: in choosing one or more values (1, 2, or 3) for the evaluations, companies to provide justification

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

In this contribution, some power saving techniques of paging enhancement and evaluation will be discussed.
2. Paging enhancement evaluation methodology
In last RAN1 e-meeting, some assumptions of power saving evaluation methodology were agreed. In this section, we will evaluate the relative power of IDLE/INACTIVE UE without any paging enhancement schemes.
When in IDLE/INACTIVE mode, UE will perform T/F tracking, AGC, PO monitoring and RRM measurement. The number of SSB bursts is up to UE implementation. In order to evaluate the relative power and compare the power saving gain of paging enhancement schemes in section 3, the following assumptions are made:
· For UE in low SINR, 2 SSB bursts are used for AGC and T/F tracking before PO, and the PO monitoring duration is 4 ms in order to receive multiple beams. The time offset between the nearest SSB burst and PO is 10 ms. The serving cell measurement and intra-frequency neighbour cell measurement is performed overlapping with one SSB burst before PO. In addition, inter-frequency neighbour cell measurement is also needed, to simplify the relative power calculation, only one frequency layer is assumed.
· For UE in high SINR, 1 SSB burst is used for AGC and T/F tracking before PO, and the PO monitoring duration is 1 ms. The time offset between the nearest SSB burst and PO is 10 ms. The serving cell measurement and intra-frequency neighbour cell measurement is performed in overlapped slots with the SSB burst before PO. Inter-frequency neighbour cell measurement is not needed.
Based on the above assumptions and the agreements in last e-meeting, the UE processing timeline power model in IDLE/INACTIVE mode is in Figure 1. And the relative power evaluation results are given in Table 1.


Figure 1. Assumption of IDLE/INACTIVE UE processing timeline power model

Table 1. Relative power for IDLE/INATCIVE UE without paging enhancement schemes
	Scenario
	Relative power

	Low SINR
	2.66

	High SINR
	1.67



Proposal 1. The following relative power evaluation assumption can be adopted:
	Number of SSB burst before PO
	2 for low SINR
1 for high SINR

	Time offset between nearest SSB burst and PO
	10 ms

	PO monitoring duration
	4 ms for low SINR
1 ms for high SINR

	Frequency layer for inter-frequency RRM measurement
	1 for low SINR
0 for high SINR


3. Paging enhancement schemes
In last e-meeting, some potential power saving techniques are agreed, e.g., paging early indication and paging sub-grouping. In this section, the paging enhancement techniques are discussed and evaluated based on evaluation methodology in section 2.
3.1 Paging early indication
To evaluate the power saving gain of PEI, we assume the time domain resource location of PEI is next to the first SSB burst and the monitoring duration is 1ms. The relative power of detecting PEI is equals to PSSB and PPDCCH, i.e., 50. In addition, both 10% group paging rate and 25% group paging rate are used in the evaluation. The following Figure 2 and Figure 3 are the illustration of PEI in low/high SINR scenario. In low SINR, if the PEI indicates UE not to monitor PO, the power consumption of remaining one SSB burst and PO monitoring can be omitted. In high SINR, if the PEI indicates UE not to monitor PO, the power consumption of PO can be omitted. 


Figure 2. IDLE/INACTIVE UE processing timeline power model with PEI in low SINR



Figure 3. IDLE/INACTIVE UE processing timeline power model with PEI in high SINR
According to the agreements in last RAN1 meeting and the assumptions in section 2, the evaluation results about power saving gain of PEI is in the Table 2.
Table 2. Power saving gain evaluation results of PEI
	Paging rate
	SINR scenario
	Power saving gain

	Paging rate 10%
	Low SINR
	20.6%

	
	High SINR
	10.7%

	Paging rate 25%
	Low SINR
	17.7%

	
	High SINR
	9.0%


From the evaluation results, we can see that the PEI can realize 20.6% power saving gain with paging rate 10% and 17.7% power saving gain with paging rate 25% in low SINR scenario, and 10.7% power saving gain with paging rate 10% and 9.0% power saving gain with paging rate 25% in high SINR scenario. PEI is an efficient power saving technique and can be supported to reduce UE power consumption.
Observation 1: For low SINR, PEI can realize 20.6% power saving gain with paging rate 10% and 17.7% power saving gain with paging rate 25%; for high SINR, PEI can realize 10.7% power saving gain with paging rate 10% and 9.0% power saving gain with paging rate 25%.
Proposal 2. Paging early indication before PO can be supported to indicate whether UE need monitor paging PDCCH.
3.2 Paging sub-grouping
3.2.1 Paging sub-grouping indication signalling 
In Rel-15/16 paging procedure, UE monitors PO per paging cycle to detect the PDCCH with P-RNTI, and then receives the paging message scheduled by P-RNTI PDCCH if exists. If the ue-Identity in paging message matches to UE’s own ID, UE then accesses to the network, otherwise is still in idle/inactive mode. 
The current paging procedure may cause unnecessary paging reception and power consumption, in case that UE receives paging PDCCH and PDSCH but cannot match its UE’s ID. The reason causes the false alarm of paging reception is that one PO contains more than one UEs, all UEs should first receive the same paging PDCCH and PDSCH and then to check whether the paging is for itself or not, even only one UE in this PO need to receive paging message actually.
UE-group WUS is introduced to further reduce the false alarm of paging reception in Rel-16 NB-IoT/MTC, where UEs in one PO are divided into multiple groups and each UE group is associated with one UE-group WUS. UE monitors the following PO(s) if only detecting its UE-group WUS. 
Therefore, paging sub-grouping can be supported in NR to further reduce UE power consumption. The following are the analysis of detailed sub-grouping schemes.
Alt 1. Paging early indication based
Alt 1 reuses PEI. In this scheme, bitmap or different sequence can be used in the PEI to indicate which UE group(s) to monitor PO as illustration in Figure 4 and Figure 5. 
The paging rate of one sub-group can be further reduced when sub-grouping is used. For example, we assume the paging rate of one PO is , where p is the paging rate of one UE, n is the UE number in one PO. The paging rate of one sub-group is , where m is the UE number in one sub group. Compared with the power consumption evaluation in section 3.1, the UE power saving gain can be increased due to the reduction of sub-group paging rate. Some evaluation results in different UE numbers and sub group numbers are in the table 3, with the assumption of paging rate of one PO is 10% and 25%. In addition, the improvement of power saving gain related to non-sub-group case in section 3.1 are also analysed.


Figure 4. Paging sub group indication via PDCCH based PEI 


Figure 5. Paging sub group indication via sequence based PEI 
Table 3. Power saving gain of PEI based UE sub-grouping
	
	Paging rate of one PO
	10%
	25%

	
	Sub groups number 
	2
	4
	8
	2
	4
	8

	low SINR
	Power saving gain of PEI + sub-grouping
	21.7%
	22.3%
	22.6%
	19.8%
	21.3%
	22.1%

	
	Improvement of power saving gain related to PEI only
	5.3%
	8.3%
	9.7%
	11.9%
	20.3%
	24.9%

	high SINR
	Power saving gain of PEI + sub-grouping
	11.4%
	11.7%
	11.9%
	10.3%
	11.1%
	11.6%

	
	Improvement of power saving gain related to PEI only
	6.5%
	9.3%
	11.2%
	14.4%
	23.3%
	25.6%


From the evaluation results, we can see that the PEI based sub-grouping can further improve the UE power saving gain than PEI only, and the power saving gain will increase with larger sub group number.
Observation 2. PEI based sub-grouping can further improve the UE power saving gain than PEI-only, and the power saving gain will increase with larger sub group number.
Observation 3. The power saving gain of PEI based sub-grouping increases with high paging rate of PO.
Compare with PDCCH based and sequence based PEI design, the standard effort of PDCCH based can be less than sequence based. In addition, the other bits in PEI DCI can also be used to indicate other information, e.g., ETWS, availability information of TRS/CSI-RS [2]. Therefore, PDCCH based PEI design is more suitable for paging sub group indication.
Alt 2. Legacy paging DCI based
Alt 2 is enhancement of current paging DCI. In this scheme, all UEs in one PO should first monitor the paging DCI and receive the scheduled paging message if the associated PEI bit is “1” as the illustration in Figure 6.


Figure 6. Paging sub group indication via legacy paging DCI
In this solution, all UEs in one PO should monitor the paging DCI, and can not omit the second SSB for low SINR as in Figure 7, the UE power saving gain will decrease than Alt 1. 


Figure 7. IDLE/INACTIVE UE processing timeline power model with sub-grouping via legacy paging DCI in low SINR
Alt 3. Additional reception occasions in time/frequency domain based
Alt 3 is using additional time or frequency domain paging reception occasions, but this solution will cause the network paging signalling resource overhead in case of more than one sub-groups need to be waked up.
Alt 4. Multiple P-RNTIs based
The last alternative is using multiple P-RNTIs, this solution will also cause the network paging signalling resource overhead in case of more than one sub-groups need to be waked up. This is because the CRC of one DCI can only be scrambled by one RNTI, if gNB want to wake up multiple sub-groups, multiple paging DCI need to be transmitted.
Compare with the above four alternatives, Alt 1 can acquire more power saving gain than Alt 2, and Alt 3 and Alt 4 will cause more network paging signalling overhead, therefore, we prefer Alt 1 as the paging sub-grouping schemes.
Proposal 3. Sub-grouping for paging based on paging early indication can be supported.
Proposal 4. Bitmap in paging early indication DCI can indicate which UE group(s) need to monitor PO and receive paging PDSCH.
3.2.2 UE sub-grouping method
As the discussion in the above sub-section, paging sub-grouping is an efficiency scheme to further reduce UE power consumption, another issue need to be discussed is how to divide UEs in one PO into multiple sub-groups.
In current paging design, UE ID is used to calculate PF and PO to divide UEs into different POs. According to the formula, the difference among UE_IDs which calculate the same PO is integer multiple of N*Ns, e.g., UEs with UE_ID, UE_ID+N*Ns, UE_ID+2*N*Ns… monitoring the same PO. UE ID can also be used to calculate the sub-group index, but one issue needs to be studied, which is how to guarantee uniform distribution of UE number in each sub-group to realize the biggest power saving gain, e.g., the UE number in each sub-group is the same.
Proposal 5. UE ID based sub-grouping can be supported and further to study how to guarantee uniform distribution of UE number in different sub-groups.
3.3 Cross-slot scheduling for paging PDSCH
In Rel-16, dynamic cross-slot scheduling is supported for RRC_CONNECTED UE. But for RRC_IDLE/INACTIVE UE, if pdsch-TimeDomainAllocationList is not configured, only default PDSCH TDRA table A/B/C can be used. For table A and C, the K0 is zero in all rows, and there are only three rows with K0 = 1 in table B. If cross-slot scheduling for paging PDSCH is supported in Rel-17, the paging PDCCH and PDSCH can not coexisted with Rel-15/16, which causes additional network paging signalling overhead. Therefore, cross-slot scheduling for paging PDSCH should not be supported.
Proposal 6. Cross-slot scheduling for paging PDSCH should not be supported.
4. Conclusions
In this contribution, some power saving techniques of paging enhancement are discussed, and the following observations and proposals are made.
Observation 1: For low SINR, PEI can realize 20.6% power saving gain with paging rate 10% and 17.7% power saving gain with paging rate 25%; for high SINR, PEI can realize 10.7% power saving gain with paging rate 10% and 9.0% power saving gain with paging rate 25%.
Observation 2. PEI based sub-grouping can further improve the UE power saving gain than PEI-only, and the power saving gain will increase with larger sub group number.
Observation 3. The power saving gain of PEI based sub-grouping increases with high paging rate of PO.
Proposal 1. The following relative power evaluation assumption can be adopted:
	Number of SSB burst before PO
	3 for low SINR
1 for high SINR

	Time offset between nearest SSB burst and PO
	10ms

	PO monitoring duration
	4ms for low SINR
1ms for high SINR

	Frequency layer for inter-frequency RRM measurement
	1 for low SINR
0 for high SINR


Proposal 2. Paging early indication before PO can be supported to indicate whether UE need monitor paging PDCCH.
Proposal 3. Sub-grouping for paging based on paging early indication can be supported.
Proposal 4. Bitmap in paging early indication DCI can indicate which UE group(s) need to monitor PO and receive paging PDSCH.
Proposal 5. UE ID based sub-grouping can be supported and further to study how to guarantee uniform distribution of UE number in different sub-groups.
Proposal 6. Cross-slot scheduling for paging PDSCH should not be supported.
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