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Introduction
As the agreements in RAN#86, it was agreed that UE power saving enhancement as new Rel-17 WID [1]. 

	1) Specify enhancements for idle/inactive-mode UE power saving, considering system performance aspects [RAN2, RAN1]
a) Study and specify paging enhancement(s) to reduce unnecessary UE paging receptions, subject to no impact to legacy UEs [RAN2, RAN1]
· NOTE: RAN1 to check and update, if needed, evaluation methodology in RAN1 #100 meeting
b) Specify means to provide potential TRS/CSI-RS occasion(s) available in connected mode to idle/inactive-mode UEs, minimizing system overhead impact [RAN1]
· NOTE: Always-on TRS/CSI-RS transmission by gNodeB is not required
2) Study and specify, if agreed, enhancements on power saving techniques for connected-mode UE, subject to minimized system performance impact [RAN1, RAN4]
a) Study and specify, if agreed, extension(s) to Rel-16 DCI-based power saving adaptation during DRX Active Time for an active BWP, including PDCCH monitoring reduction when C-DRX is configured [RAN1] 
· NOTE: Rel-15 and Rel-16 available power saving solutions should be supported by the UE and included in the evaluation. RAN1 will ask the confirmation from RAN2 that Rel-15 and Rel-16 available power saving solutions are properly utilized.
b) Study the feasibility and performance impact of relaxing UE measurements for RLM and/or BFD, particularly for low mobility UE with short DRX periodicity/cycle, and specify, if agreed, relaxation in the corresponding requirements [RAN4]
· NOTE: Supplementary RAN2 work, if needed, can be triggered by RAN4 LS


In this contribution, the paging enhancement for UE in RRC_IDLE/Inactive mode is discussed. The simulation evaluation results on UE power consumption in RRC_IDLE/Inactive and possible enhancements on paging reception reduction are provided.
Simulation evaluation on paging enhancement schemes in RRC_IDLE/Inactive
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 power saving techniques are also shown, when power saving scheme is used for paging reception reduction, including using paging indication for Paging reception and paging false alarm reduction. In this contribution, two types of paging indication, i.e. PDCCH-based and sequence-based, are considered. 
[bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: _GoBack]The procedure of paging indication schemes in RRC_IDLE/Inactive mode
[bookmark: OLE_LINK24][bookmark: OLE_LINK25]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 predetermined time before PO and turning all components in preparation of data reception (warm up);
 2) Measuring SSB(s) to estimate the timing and frequency offset information for time and frequency tracking. The estimation could be done after one measurement or combination of multiple measurements. 
3) Performing front end process in time and frequency compensation of receiving signals 
4) Demodulating/decoding the DCI from PDCCH for paging indication.
5) Demodulating/decoding PDSCH and retrieve the paging information. 
6) If UE ID is included in the paging message, UE performs the subsequent processing, such as contention-based PRACH etc.. Otherwise, UE continues to go to sleep. 
In general, RRM measurement could also be performed during SMTC window when UE wakes up to receive 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
For the DCI format 1_0 with CRC scrambled by P-RNTI specified in Rel-16, several (e.g. 6 or 8) reserved bits can be used as the paging group indication for reducing the paging massage decoding. The procedure of the paging indication carried in paging DCI is given in Figure 2. In this procedure, when UE detects PDCCH for paging successfully, UE group can be indicated by the paging indication within the paging DCI whether to decoding the corresponding paging PDSCH. If there is no detection of paging indication from PDCCH, UE would go to sleep until the next PO.


Figure 2: Illustration of paging reception with paging indication carried in paging DCI
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]As the study objective in Rel-17 power saving WI, the paging would be enhanced to reduce unnecessary UE paging receptions via providing potential TRS/CSI-RS occasion(s) available in CONNECTED mode to IDLE/Inactive-mode UEs. TRS/CSI-RS configured for CONNECTED mode UE could be reused 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. PDCCH-based paging indication could indicate UE whether or not to monitor paging PDCCH in the subsequent PO. When UE receives PDCCH-based paging 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. 


Figure 3: Illustration of paging reception with TRS/CSI-RS assisted PDCCH-based paging indication
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]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 the figure, 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 indication, UE would wake up to decode the paging.  Otherwise, UE continues sleeping and not to monitor the PDCCH and decode paging DCI.


Figure 4: Illustration of paging reception with sequence-based paging indication and channel tracking
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.
The power consumption model for paging indications
In RRC_CONNECTED mode, PDCCH-based power saving signal/channel with DCP (DCI with CRC scrambled by PS-RNTI) has been used to indicate UE whether to wake up to monitor PDCCH at next DRX ON. Similarly, the paging indication is introduced in RRC_IDLE/Inactive mode to indicate UE whether to wake up to monitor paging message as description in section 2.1 at next paging occasion (PO). In order to evaluate the power saving performance of the power saving schemes based on paging indications, the power consumption model in TR38.840 [2] is used for the power consumption of different paging indication schemes.  
[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK17][bookmark: OLE_LINK18][bookmark: OLE_LINK3][bookmark: OLE_LINK4]For the paging procedure, the power consumption model of processing paging message should be detailed according to whether UE detecting PDCCH for paging successfully or not. At each monitoring occasion for paging, UE would decode the PDCCH with the CRC scrambled by P-RNTI and corresponding PDSCH firstly. If UE detects the PDCCH successfully, UE would decode the PDSCH based on the indication of resource allocation. The power consumption 100 unit is used for not decoding PDCCH successfully. When UE detects the PDCCH for paging, the power consumption is the same as that of PDCCH + PDSCH with value 300 for FR1. However, for the paging indication indicated by paging DCI, when UE detects the PDCCH successfully and there is no indication for UE paging message, UE does not need to decode the PDSCH. In this case, the power consumption is different from that of PDCCH only and PDCCH + PDSCH, which can be considered as 200 unit.
For TRS/CSI-RS assisted PDCCH-based paging indication schemes as shown in Figure 3, TRS/CSI-RS is used for channel tracking and measurements, which is transmitted from different slot to that of SSB. The power consumption model of TRS/CSI-RS is the same as that defined in TR38.840 [2], whose value is 100. The power of the PDCCH-based paging indication is same as that of PDCCH-only with the value 100. 
For the sequence-based paging indication scheme as shown in Figure 4, the sequence-based paging indication can also be used for channel tracking, which can be transmitted in the same slot with the SSB. The UE power consumption model in TR38.840 [2] with the slot-averaged power is 0.85x the sum of the respective power. That means the slot-averaged power for SSB and the sequence-based paging indication is 170.
Table 1  UE power saving modelling for FR1
	Power State
	Relative Power 

	Deep Sleep
	1 

	Light Sleep
	20

	PDCCH-only
	100

	SSB
	100
(2 SSB per slot)

	TRS/CSI-RS
	100
(Number of RBs for TRS = 52)

	Additional transition power
	Deep sleep:450;
Light sleep:100

	PDCCH + PDSCH (if CRC is true)
	300 

	PDCCH-based paging indication
	100

	Sequence-based paging indication
	100
(Assumption: Sequence-based paging indication and SSB concurrent in a same slot, the slot-averaged power is 0.85x the sum of the respective power)

	PDCCH + PDSCH (if CRC is false)
	200

	RRM intra-frequency
	150



The Power saving performance for the paging indication schemes
In this section, the power saving performance of two paging 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_LINK1][bookmark: OLE_LINK2]Case 2: Paging indication is indicated by paging DCI.
· Case 3: The TRS/CSI-RS assisted PDCCH-based paging indication based on additional TRS/CSI-RS. 
· Case 4: The sequence-based paging indication is used for channel tracking and paging indication.
In the evaluation, the system parameter assumptions for FR1 are given in Table 2. The power consumption models in the evaluation procedure are based on that in Table 1 in Section 2.2. In order to compare the performance of different power saving schemes, the evaluation cases include both without and with the RRM measurement. Different paging cycles, i.e. 32rf, 64rf, 128rf, 256rf, are evaluated.  For the paging indication carried within paging DCI scheme, the power saving performances without and with Rel-16 RRM measurement under the paging rate 0.01 are shown in Figure 5. The power saving gain for TRS/CSI-RS assisted PDCCH-based paging indication without/with RRM measurement under different UE paging rate are given in Figure 6 and Figure 7, respectively. The power saving gain for sequence-based paging indication without/with RRM measurement with different UE paging rate are provided in Figure 8 and Figure 9, respectively.
[bookmark: OLE_LINK19]Table 2 system parameters assumptions for FR1
	Parameter
	Assumption

	Numerology
	30KHz, FR1

	SSB
	2SSB per slot.
20ms period

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

	Paging rate 
	0.2, 0.01

	RRM measurement cycle
	4(32rf), 2(64rf),1(128rf,256rf);
Ideal RRM measurement cycle: infinite

	SMTC
	20ms

	MGRP
	6 ms



 
 (a)                                                                                        (b)
Figure 5: Power saving gain of Paging indication indicted by paging DCI without/with Rel-16 RRM measurement with paging rate= 0.01
 
[bookmark: OLE_LINK20][bookmark: OLE_LINK21] (a)                                                                                        (b)
Figure 6: Power saving gain of paging reception based on TRS/CSI-RS assisted PDCCH-based paging indication for UE in RRC_IDLE/Inactive mode in different paging cycles without RRM measurement
 
 (a)                                                                                        (b)
Figure 7: Power saving gain of paging reception based on TRS/CSI-RS assisted PDCCH-based paging indication for UE in RRC_IDLE/Inactive mode in different paging cycles with Rel-16 RRM measurement

 (a)                                                                                        (b)
Figure 8: Power saving gain of paging reception based on sequence-based paging indication for UE in RRC_IDLE/Inactive mode in different paging cycles without RRM measurement

 
 (a)                                                                                        (b)
Figure 9: Power saving gain of paging reception based on sequence-based paging indication for UE in RRC_IDLE/Inactive mode in different paging cycles with Rel-16 RRM measurement

From the evaluation results, we can find that there is little power saving gain for the paging indication carried in the DCI to further indicate the UE PDSCH decoding, i.e. 0.33%~0.85% power saving gain and 0.3%~0.8% power saving gain for without and with Rel-16 RRM measurement, respectively. Based on the procedure of Paging in Rel-16, the PDCCH for paging is with the CRC scrambled by P-RNTI, which is group common. That means that UE would perform blind decoding of all  PDCCH candidate and buffering corresponding PDSCH even though be indicated not to decoding the PDSCH. And according to the power consumption modeling in Section 2.2, the difference of power consumption is limited for whether decoding the PDSCH or not. That is why the power saving gain is very marginal for the paging indication carried within PDCCH for paging.
According to the evaluation results in Figure 6 and Figure 7, it observes that the PDCCH-based paging indication could obtain 13.96%~35.46% power saving gain for paging rate 0.2 and 14.89%~38.44% for paging rate 0.01 without RRM measurement compared to the baseline (without additional power saving scheme) for different Paging cycles. TRS/CSI-RS assisted PDCCH-based paging indication with Rel-16 RRM measurement, the power saving gain is up to 11.87%~32.73% for paging rate 0.2 and 12.08%~35.03% for paging rate 0.01. Besides the power saving gain from reducing the unnecessary paging message reception, the power saving gain for the PDCCH-based paging indication is also from the reduced power consumption in the preparation period before paging occasion with temporary TRS/CSI-RS. The light sleep between two SSBs can be reduced by introducing additional TRS/CSI-RS and PDCCH-based paging indication. Additional TRS/CSI-RS could be used along with SSB in performing channel tracking before paging occasion. 
From the power saving performance shown in Figure 8 and Figure 9, we find that the sequence-based paging indication could get  14.7%~37.35% power saving gain for paging rate 0.2 and 15.65%~40.36% for paging rate 0.01 without RRM measurement compared with the baseline power consumption with respective Paging cycles. Meanwhile, when Rel-16 RRM measurement is included in the evaluation procedure of the sequence-based paging indication, there are 12.44%~34.44% and 12.76%~36.84% power saving gain for the UE paging rate 0.2 and 0.01, respectively. The power saving gain for the sequence-based paging indication scheme is from power saving in the reducing power consumption in the preparation period   and reducing unnecessary Paging indication reception. The power consumption of sequence-based paging indication is lower than that of the TRS/CSI-RS assisted PDCCH-based paging indication.
[bookmark: OLE_LINK32][bookmark: OLE_LINK33][bookmark: OLE_LINK5][bookmark: OLE_LINK6]Observation 1: Power saving gain is very limited for the paging indication carried within paging DCI. 
Observation 2: TRS/CSI-RS assisted PDCCH-based paging indication can obtain 11.87%~38.44% power saving gain compared with Rel-16 paging procedure.
Observation 3: Sequence-based paging indication can obtain 12.44%~40.36% power saving gain compared with Rel-16 paging procedure.
[bookmark: _Hlk47651114]Proposal 1: Power saving signal as the paging indication should be applied to indicate paging reception for IDLE/Inactive mode UE.
Design alternatives of paging indication 
From the simulation results of power saving performance, the power saving techniques with PDCCH-based paging indication and sequence-based paging indication can be used to reduce unnecessary UE paging receptions and achieve significant power saving gain. Two types of power saving signal, i.e., sequenced-based and PDCCH-based paging indication can be considered.
From the study of Rel-16 UE power saving, PDCCH-based power saving signal/channel 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 results 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 reduction. 
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) over the existing PDCCH based power saving signal/channel [3]. Sequenced-based power saving signal can support simple non-coherent detection and is insensitiveness to time/frequency errors. 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 [4]. Thus, the sequence-based paging indication should be applied to Rel-17 IDLE/Inactive mode power saving.
[bookmark: OLE_LINK26][bookmark: OLE_LINK27]Proposal 2: 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 3: 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 analysed. Based on discussion, we have the following observations and proposals: 
Observation 1: Power saving gain is very limited for the paging indication carried within paging DCI. 
Observation 2: TRS/CSI-RS assisted PDCCH-based paging indication can obtain 11.87%~38.44% power saving gain compared with Rel-16 paging procedure.
Observation 3: Sequence-based paging indication can obtain 12.44%~40.36% power saving gain compared with Rel-16 paging procedure.
Proposal 1: Power saving signal as the paging indication should be applied to indicate paging reception for IDLE/Inactive mode UE.
Proposal 2: 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 3: 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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Without RRM measurement
256rf	Paging Cycle	3.3000000000000008E-3	128rf	Paging Cycle	5.0000000000000018E-3	64rf	Paging Cycle	6.9000000000000025E-3	32rf	Paging Cycle	8.5000000000000006E-3	Power Saving Gain

R16 RRM measurement
256rf	Paging Cycle	3.0000000000000009E-3	128rf	Paging Cycle	4.3000000000000017E-3	64rf	Paging Cycle	6.2000000000000024E-3	32rf	Paging Cycle	8.0000000000000054E-3	Power Saving Gain

UE paging rate=0.2
256rf	Paging Cycle	0.1396	128rf	Paging Cycle	0.21350000000000005	64rf	Paging Cycle	0.29020000000000001	32rf	Paging Cycle	0.35460000000000008	Power Saving Gain

UE paging rate=0.01
256rf	Paging Cycle	0.14890000000000006	128rf	Paging Cycle	0.2291	64rf	Paging Cycle	0.31350000000000011	32rf	Paging Cycle	0.38440000000000013	Power Saving Gain

UE paging rate=0.2
256rf	Paging Cycle	0.11870000000000003	128rf	Paging Cycle	0.17290000000000005	64rf	Paging Cycle	0.25380000000000008	32rf	Paging Cycle	0.32730000000000015	Power Saving Gain

UE paging rate=0.01
256rf	Paging Cycle	0.1208	128rf	Paging Cycle	0.17670000000000005	64rf	Paging Cycle	0.26740000000000008	32rf	Paging Cycle	0.35030000000000011	Power Saving Gain

UE paging rate=0.2
256rf	Paging Cycle	0.14700000000000005	128rf	Paging Cycle	0.22489999999999999	64rf	Paging Cycle	0.30570000000000008	32rf	Paging Cycle	0.37350000000000011	Power Saving Gain

UE paging rate=0.01
256rf	Paging Cycle	0.15650000000000006	128rf	Paging Cycle	0.24070000000000005	64rf	Paging Cycle	0.32920000000000016	32rf	Paging Cycle	0.40360000000000001	Power Saving Gain

UE paging rate=0.2
256rf	Paging Cycle	0.12440000000000002	128rf	Paging Cycle	0.18110000000000001	64rf	Paging Cycle	0.2666	32rf	Paging Cycle	0.34440000000000009	Power Saving Gain

UE paging rate=0.01
256rf	Paging Cycle	0.12759999999999999	128rf	Paging Cycle	0.18660000000000004	64rf	Paging Cycle	0.28160000000000002	32rf	Paging Cycle	0.36840000000000012	Power Saving Gain
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