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Introduction
In RAN1#102b-e meeting, the simulation assumptions and technique candidate for paging enhancement were discussed. For simulation assumption, the remaining issues need further study, including,
· RRM power consumption scaling for FR1
· FR2 power consumption model scaling

Furthermore, it proposed potential paging enhancement options including,
· 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, the paging enhancement for UE in RRC_IDLE/Inactive mode is discussed. The remaining simulation assumption issues are discussed. And then it provide the initial evaluation results on UE power consumption based on latest simulation assumptions. At last,  it is analyzed the potential paging enhancement options and shown proposals on them.
The remaining issues on power consumption model 
About the RRM power consumption model for FR1, the initial model is proposed on last e-meeting. While, the remaining issue is that how to scale RRM measurement power consumption for baseband and radio component. Furthermore, how to assume and scale FR2 power model for RRC-Idle/Inactive state due to bandwidth configuration.
RRM power consumption model for FR1
For RRC-Idle state, the bandwidth is assumed 20MHz in generally. While for RRM measurement, the different bandwidth configurations have impact mainly on radio  and very little on baseband. The scaling of RRM measurements at 20 MHz is similar to scale  UE power consumption in BWP switching since, since the baseband power consumption could be considered not much difference between 100 MHz and 20 MHz in RRM measurements.  Thus, the value 60 unit should be confirmed for intra-frequency RRM measurements for IDLE mode UE. The inter-frequency RRM measurements defined in TR38.840 already assume narrow band operation in neighboring search per layer.  Thus, no scaling factor is needed.  
Table 1: FR1power consumption model for idle/inactive mode operations
	Power State
	Relative Power
(FR1 reference from TR  38.840)
	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

	SSB/CSI-RS proc. (PSSB)
	100
	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]
60  (synchronous case, N=8, measurement only; Pintra, meas-only)
80   (combined search and measurement; Pintra, search+meas)

	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]
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


	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}.



Proposal 1:  For UE RRM measurement power consumption in IDLE mode, the scaling is similar to that of BWP switching.  Remove the bracket of UE power model agreed in RAN1#102-e. 
 FR2 power consumption model 
Based on the principle of  FR1 scaling method, the FR2 power consumption for the scaling of BW from 100 MHz BW with the minimum BW of FR2 being 50 MHz as follows,  
Scaling factor of X MHz = 0.4 + 0.6 * (X - 50) / 50   where  X= 50, 100
[bookmark: _GoBack]For the scaling of UE power consumption for  UE in  RRC-IDLE mode with minimum BW of 50 MHz. the initial  value and scaling value for FR2 are  shown as Table 2.  
Table 2: FR2power consumption model for idle/inactive mode operations
	Power State
	Relative Power
(FR2 reference from TR 38.840)
	Relative Power 
(Idle/inactive-mode operation with reception bandwidth 50 MHz)

	Deep Sleep (PDS)
	1
	1

	Light Sleep (PLS)
	20
	20

	Micro sleep (PMS)
	45
	45

	PDCCH-only (PPDCCH)
	175
	70

	PDCCH + PDSCH (PPDCCH+PDSCH)
	350
	 140

	SSB/CSI-RS proc. (PSSB)
	175
	70

	Intra-frequency RRM measurement (Pintra)
	        225 (synchronous case, N=8, measurement only; Pintra, meas-only)
        320(combined search and measurement; Pintra, search+meas)
	       90 (synchronous case, N=8, measurement only; Pintra, meas-only)
128 (combined search and measurement; Pintra, search+meas)



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



Proposal 2:  The FR2 power consumption model and the scaling factor follows the same principle of that for FR1 with minimum BW of 50 MHz.  

Initial evaluation results for paging enhancement scheme
In this section, the UE power consumption on paging reception in RRC_IDLE/Inactive is evaluated. The simulation assumption and UE power consumption for the general paging procedure for the Rel-16 baseline without any other additional power saving techniques are provided. The evaluation results of paging procedure with power saving techniques are also shown.   
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]The procedure of paging indication schemes in RRC_IDLE/Inactive mode
[bookmark: OLE_LINK25][bookmark: OLE_LINK24]The general procedure of paging reception in RRC_IDLE/Inactive is shown as follow. Before UE is at a Paging Occasion (PO) as shown in Figure 1, UE needs to perform following steps: 
1) Waking up at the  time before PO for preparation and turning all components in preparation of data reception (warm up) -  The preparation period is designed to accommodate all the processing requirements.
 2) Timing acquisition from SSB and coarse synchronization – UE is out-of-sync from the network after long deep sleep.   The local oscillator at the UE is in free running mode without the calibration of frequency stability from DL received signals. UE uses the timing before deep sleep for cell search and timing acquisition.     
3) Frequency and time tracking after coarse synchronization – After coarse synchronization, UE starts the front-end  algorithm for frequency and time offset estimation.   
4) Time and frequency offset compensation of receiving signals.
5) Calibration of local oscillator – the reference timing clock from local oscillator needs to be calibrated by the received signals with time and frequency offset compensated to correct the frequency drift of the local oscillator in achieving 0.1 ppm frequency stability requirements.
6) Demodulating/decoding the DCI from PDCCH for paging indication.
7) Demodulating/decoding PDSCH and retrieve the paging information. 
8) If UE ID is included in the paging message, UE performs the subsequent processing, such as contention-based PRACH etc. Otherwise, UE  goes back to sleep. 
RRM measurement could  be performed during SMTC window when UE wakes up to decode the paging message. Meanwhile, RRM measurement enhancement can be performed, such as increase the RRM measurement periodicity for no/low mobility UE based on Rel-16 optimization schemes.


Figure 1: Illustration of paging reception procedure in Rel-16
The related general processing timeline and power consumption is performed as following table.
Table 3: Processing timeline
	UE operations in a paging cycle
	Time duration (ms)
	Energy contribution
(relative power * slot)

	SS burst processing
	2
	PSSB * 4

	Light sleep
	18
	PLS * 36+ 100 Note1

	SS burst processing
	2
	PSSB * 4

	Light sleep
	18
	PLS * 36+ 100 Note1

	SS burst processing and 
intra-frequency RRM measurement
	2
	(PSSB + Pintra, search+meas
*[1/4]Note2 + Pintra, search+meas *(1-[1/4]Note2))*0.85 Note3 * 4

	Light sleep
	8
	PLS * 16 + 100

	PO reception
	4
	(PPDCCH * 1 * (1 – RG Note4) + 
PPDCCH+PDSCH * 1 * RG Note4)*8

	Light sleep
	6
	PLS * 12 + 100 Note1

	Switch into another frequency layer
	0.5
	PMS * 1

	Inter-freq. RRM measurement
	5
	(PDS * (1-[1/4] Note2) + 
Pinter, search-only * [1/4]Note2)*10

	Switch back to serving frequency
	0.5
	PMS * 1

	Deep sleep
	1214 
	PDS * 2428 + 450Note1 

	(Total)
	1280
	Total Energy 

	Average power consumption = Total Energy /2560 (slot)

	Note 1: Additional transition energy (relative power * ms) for light/deep sleep as specified in Table 19 of TR 38.840
Note 2: Cell search rate for intra/inter-frequency RRM measurement 
Note 3: Scaling convention to combine two different types of UE operations as in Section 8.1.3 of TR 38.840
Note 4: RG is the paging rate to the UE group



For the DCI format 1_0 with CRC scrambled by P-RNTI, several (e.g. 6 or 8) reserved bits can be used as the paging sub-group indication in reducing the number of paging massage decoding. The procedure of the paging indication carried in paging DCI is given in Figure 2. When UE detects PDCCH for paging successfully, UE group can be indicated by the paging indication within the paging DCI to determine whether to decoding PDSCH for the corresponding paging message. If no paging indication of subgroup is detected  from PDCCH, UE would go back to sleep until the next PO. Furthermore,  RRM measurement with and without enhancement scheme are considered respectively as following figure 2.


(a) With RRM measurement enhancement


(b) Without RRM measurement enhancement
Figure 2: Illustration of paging reception with paging indication carried in paging DCI
[bookmark: OLE_LINK10][bookmark: OLE_LINK9]TRS/CSI-RS configured for CONNECTED mode UE could be configured  for UE in RRC_IDLE/Inactive state to perform time and frequency tracking. TRS/CSI-RS in RRC_IDLE/Inactive mode could be used to assist PDCCH-based paging indication for paging reception indication as well as reducing the false alarm. The procedure of TRS/CSI-RS assisted PDCCH-based paging indication is shown in Figure 3. In the procedure, one or more SSB and TRS/CSI-RS can be used to perform channel tracking and local oscillator calibration. PDCCH-based paging indication could indicate UE whether or not to monitor paging PDCCH in the subsequent PO. When UE receives PDCCH-based paging early indication, UE will be indicated to wake up and decode PDCCH/PDSCH carried paging message at next paging occasion. Otherwise, UE continues to sleep after PDCCH-based paging indication reception. The related procedure is shown as following figure.


Figure 3: Illustration of paging reception with TRS/CSI-RS assisted PDCCH-based paging indication
[bookmark: OLE_LINK12][bookmark: OLE_LINK11]Furthermore, the sequence-based paging indication is also considered as the candidate for reducing Paging reception in achieving UE power saving as shown in Figure 4. In Figure 4, the sequence-based paging indication can not only be used for paging indication through non-coherent detection but also as the reference signals for channel tracking. The sequence-based paging indication can be combined with SSB to indicate UE whether to decode the subsequent PDSCH. If UE detects the paging early indication, UE would wake up to decode the paging.  Otherwise, UE continues sleeping and not to monitor the PDCCH and decode paging DCI. Similar with sub-grouping scheme, RRM measurement with and without enhancement with are both considered in simulation. Without RRM measurement, SSB could be used RRM measurement. Furthermore, taking channel tracking performance into account, SSB with TRS assistant scheme and TRS only scheme are evaluated respectively. 
Case1: 1 SSB burst  + TRS
One SSB burst set is used RRM measurement and channel tracking. TRS is used to assist channel tracking and as Paging early indication. Its procedure is shown as following figure.


Figure 4: Illustration of paging reception with sequence-based PEI and channel tracking, without RRM measurement enhancement
Case2: TRS +PO 
TRS is used to assist channel tracking and as Paging early indication. RRM measurement enhancement is considered. Its procedure is shown as following figure.



Figure 5: Illustration of paging reception with sequence-based paging indication and channel tracking, with RRM measurement enhancement
According to the descriptions of three paging indication schemes, TRS/CSI-RS assisted PDCCH-based paging indication and sequence-based paging indication, UE can reduce the unnecessary Paging message reception via the paging indication obviously. 
The simulation assumptions for paging enhancement
The simulation assumptions are listed  in Table 4 and others are as that in  TR 38.840. 
In order to compare the performance of different power saving schemes, the evaluation cases include both without and with the RRM measurement enhancement scheme. Different paging cycles, i.e. 32rf, 64rf, 128rf, 256rf, are evaluated, respectively.
Table 4:  System parameter assumptions for Paging configuration
	Parameter
	Assumption

	Numerology
	30KHz, FR1

	SSB
	2SSB per slot, maximum 3SSB burst set.
20ms period

	Paging cycle
	32rf, 64rf, 128rf, 256rf

	Group paging rate
	0.1

	RRM measurement cycle
	4(32rf), 2(64rf),1(128rf,256rf) without RRM measurement enhancement;
RRM measurement enhancement cycle: infinite

	SMTC
	5ms

	MGL
	6 ms



Three types of paging power enhancement are considered. The power saving performance of two paging early indication schemes, i.e. PDCCH-based and sequence-based, are provided and the general paging procedure in Rel-16 is taken as the performance baseline. The evaluation cases are listed as following. 
· Case 1: Rel-16 paging procedure as the baseline.
· [bookmark: OLE_LINK2][bookmark: OLE_LINK1]Case 2: sub-grouping scheme. Paging indication is indicated by paging DCI.
· Case 3: PEI with PDCCH-based. The TRS/CSI-RS assisted PDCCH-based paging indication based on additional TRS/CSI-RS. 
· Case 4: PEI with sequence-based. The sequence-based paging indication is used for channel tracking and paging indication.
· Case 4-1: Channel tracking is performed based on SSB and TRS. RRM measurement is based on SSB and without RRM measurement enhancement  assumed.
· Case 4-2: Channel tracking is performed based on TRS only. RRM measurement enhancement is assumed.
The simulation evaluation results for paging enhancement
In this section, different paging enhancement scheme , such as sub-grouping scheme, DCI-based PEI scheme, and sequence-based PEI scheme, are shown in the  following sub-sections respectively.
Evaluation results of paging sub-grouping 
In the paging sub-grouping scheme, the paging DCI carries out the paging indication of the sub-group to indicate whether or not UE decodes the paging message in the subsequent PDSCH in this paging cycle. RRM measurement enhancement is considered. The performance result is shown as following figure.

Figure 6: Power saving gain of sub-grouping with group paging rate 0.1 under different paging cycle
From the evaluation results, it could be observed that,
· There are small power saving gain for the paging sub-grouping power saving scheme  to reduce the UE PDSCH decoding, i.e. 0.44%~1.03% power saving gain due to high false alarm for paging reception indication.
Evaluation results on DCI-based PEI
In the DCI-based PEI scheme, the DCI -based PEI indicates whether UE receives paging or not in this paging cycle with TRS/CSI-RS  assisting UE in performing channel tracking for PDCCH decoding. The performance result is shown in Figure 7.

Figure 7: Power saving gain of DCI-based PEI with group paging rate 0.1 under different paging cycle
From the results in Figure 7, We observe that
· The DCI-based PEI achieves power saving gain, i.e., 4.41%~10.07%. The power saving gain is from reducing unnecessary paging reception and reducing SSB number and light sleep power consumption in the preparation period. Because DCI decoding and demodulation needs high reliability, the number of SSBs in the preparation period is similar to that for decoding of paging DCI to achieve the same PDCCH performance.
Evaluation results on sequence-based PEI
In the sequence-based PEI scheme, the sequence signal is used for tracking and paging indication. There are two cases: 
· case 4-1: Channel tracking is performed based on TRS and SSB before paging occasion. The SSB before paging occasion also used for intra-frequency RRM measurement, while the inter-frequency RRM measurement is after paging occasion. 
· Case 4-2: Channel tracking is performed based on TRS only, without RRM measurement. 
The performance results of both cases are shown in the following figure.

Figure 8: Power saving gain of sequence-based PEI with group paging rate 0.1 under different paging cycle
From the results in Figure 8, we observe that
· The sequence-based PEI achieves power saving gain at  23.11%~51.59% power saving gain for case 4-1 and 32.33%~67.68% power saving gain for case4-2. The power saving gain is from reducing unnecessary paging reception and shorten the time in the preparation period since the non-coherent detection of sequence-based PEI has high tolerance in time and frequency error .

Proposal 3: for paging enhancement scheme, PEI could provide obvious power saving gain withDCI-based and sequence-based PEI.
Power saving enhancement schemes for RRC-IDLE/Inactive mode UE
The power saving scheme based on PEI indication, paging sub-grouping,  and others are candidates for paging enhancement to achieve power saving gain.From the simulation results of power saving performance, the power saving techniques with PDCCH-based paging indication and sequence-based paging indication can  reduce unnecessary UE paging receptions to  achieve significant power saving gain.  The sub-grouping for paging is only shown minimal performance gain due to group-common indication.
From  Rel-16 UE power saving, DCI format 2_6 for wakeup indication  can convey more power saving information than that of sequence-based power saving signal. However, the PDCCH-based power saving signal/channel is a coherent detection/demodulation required the channel estimation, strict channel tracking and compensation before PDCCH blind decoding, which will result in higher energy consumption. The coherent PDCCH-based power saving signal/channel would consume more powers in Doppler estimation in the scenario with large Doppler spread. If PDCCH-based power saving signal was considered for paging enhancement in IDLE/Inactive mode, DCI format 2_6 with CRC scrambled by PS-RNTI can be reused for paging DCI decoding reduction. 
Furthermore, considering the detection performance on PDCCH-based PEI and sequence-based PEI, the further simulation results on LLS are evaluated in our contribution [1][2]. For sequence-based paging indication with the similar overhead as the PDCCH-based paging indication, it can provide higher miss-detection performance gain (above 5dB in AWGN channel, and 2dB in TDL-C channel model) over the existing PDCCH based power saving signal/channel. A properly designed sequence-based power saving signal can support UE specific indication of paging reception which can provide more power saving gain than that of UE group based paging indication. Sequence-based power saving signal can be used for both channel tracking and paging indication and significant power saving gain also can be observed in our contribution. Thus, the sequence-based paging indication should be applied to Rel-17 IDLE/Inactive mode power saving.
[bookmark: OLE_LINK26][bookmark: OLE_LINK27]Proposal 4: If PDCCH-based power saving signal/channel is considered for paging enhancement for UE in IDLE/Inactive mode, DCI format 2_6 with CRC scrambled by PS-RNTI could be reused for paging reception. 
Proposal 5: The sequence-based paging indication should be supported in Rel-17 for UE in IDLE/Inactive mode for UE power saving.

Conclusion 
In this contribution, paging enhancement in RRC_IDLE/Inactive mode is discussed and analyzed. Based on discussion, we have the following observations and proposals: 
Proposal 1:  For UE RRM measurement power consumption in IDLE mode, the scaling is similar to that of BWP switching.  Remove the bracket of UE power model agreed in RAN1#102-e. 
Proposal 2:  The FR2 power consumption model and the scaling factor follows the same principle of that for FR1 with minimum BW of 50 MHz.  
Proposal 3: for paging enhancement scheme, PEI could provide obvious power saving gain with DCI-based and sequence-based PEI.

Proposal 4: If PDCCH-based power saving signal/channel is considered for paging enhancement for UE in IDLE/Inactive mode, DCI format 2_6 with CRC scrambled by PS-RNTI could be reused for paging reception. 
Proposal 5: The sequence-based paging indication should be supported in Rel-17 for UE in IDLE/Inactive mode for UE power saving.
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Case 2: Sub-grouping, group paging rate=0.1
256rf	Paging Cycle	0.0044	128rf	Paging Cycle	0.0063	64rf	Paging Cycle	0.0083	32rf	Paging Cycle	0.0103	
Power Saving Gain



Case3: DCI-based PEI, Group paging rate=0.1
256rf	Paging Cycle	0.0451	128rf	Paging Cycle	0.0583	64rf	Paging Cycle	0.0836	32rf	Paging Cycle	0.1044	
Power Saving Gain



Case4-1: TRS-based PEI, group paging rate=0.1
256rf	Paging Cycle	0.2311	128rf	Paging Cycle	0.3019	64rf	Paging Cycle	0.4182	32rf	Paging Cycle	0.5159	
Power Saving Gain



Case 4-2: TRS-based PEI, group paging rate=0.1
256rf	Paging Cycle	0.3233	128rf	Paging Cycle	0.4611	64rf	Paging Cycle	0.5862	32rf	Paging Cycle	0.6768	
Power Saving Gain
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