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1. Introduction

In RAN #80, a new Rel-16 study item on NR UE power saving was approved [1] with the following objectives:

1) Identify techniques for UE power saving study with focus in RRC_CONNECTED mode [RAN1, RAN2]

a) Study UE adaptation to the traffic and UE power consumption characteristics in frequency, time, antenna domains, DRX configuration, and UE processing timeline for UE power saving

(Note: existing UE capabilities are assumed for UE processing timeline)

i. Network and/or UE assistance information

ii. Include mechanism in reducing PDCCH monitoring, taking into account current DRX scheme

b) Study the power saving signal/channel/procedure for triggering adaptation of UE  power consumption characteristics

2) Study the UE power consumption reduction in RRM measurements in synchronous and asynchronous network deployment [RAN1/2]

3)  Study the enhancement of higher layer procedures for UE power saving   [RAN2]

a) Study the enhancement of UE paging procedure based on the additional power saving signal/channel/procedure

b) Study the enhancement of  UE power saving procedure in supporting efficient transition from RRC_CONNECTED to RRC_IDLE/RRC_INACTIVE mode  

Some progress had been made in RAN1 and the corresponding agreements were captured in the TR 38.840 [2]. In RAN2#105 meeting, it was agreed that he the WUS related paging will be down-prioritized in RAN2 for now. In this contribution, we will discuss the false alarm issue for paging.
2. Discussion
In NR, UE may use DRX in RRC_IDLE and RRC_INACTIVE state in order to reduce power consumption [3]. In RRC_IDLE, UE monitors the paging channels for CN-initiated paging. In RRC_INACTIVE, UE also monitors paging channels for RAN-initiated paging. A UE need not monitor paging channels continuously though. Paging DRX is defined where the UE in RRC_IDLE or RRC_INACTIVE is only required to monitor paging channels during one Paging Occasions (PO) per DRX cycle. 
According to the current mechanism, UE anyway need to monitor each paging occasion to check whether there is paging or which UE the paging is for. Unnecessary alarm will lead to unnecessary power consumption for other UEs due to unnecessary decoding PDSCH even if no paging is for that UE. In the following, we will provide some simulation results on the false alarm probability.
Let R denote the paging ratio and N denote the number of users associated to the same PO. Assuming the paging rate for one user is 10% and different users are independent in paging. Then, the probability (P) of unnecessary alarm can be calculated by P=(1-R)(1-(1-R)N-1). 

We set N to be from 1 to 50 and set P to be 10%. The probability of unnecessary alarm with different number of users per group is illustrated in Figure 1. It can be found that with N increasing, the unnecessary alarm probability also increases. The worst case is 90% when N is 50 users. This will significantly increase UE power consumption due to PDSCH decoding. It is noted that all the cells in one TA list will send paging for one UE in idle mode. This may make the number of UEs associated to one PO larger and the problem of false alarm gets worse.
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Figure 1: Probability of false alarm with different number of users associated to one PO (assuming paging rate is 10%)

Observation 1: With larger number of UEs associated to the same PO, false alarm probability increases, which will increase power consumption for UE.

In order to solve the false alarm issues of paging in idle mode, enhanced paging DCI including UE_ID information can be considered as a solution. This solution can avoid unnecessary paging PDSCH decoding with less specification impact. For example, full or parts of UE_ID information can be included in DCI.

In the following, we provide some evaluation on the gain of above solutions. The simulation is based on the power model agreed in power saving TR 38.840 [2]. Baseline is Rel-15 paging procedure in idle mode. 4 SSB spanning 2 slots are considered for tracking and RRM measurements. The subcarrier spacing is 30KHz for FR1. The relative power for enhanced paging DCI is assumed to be 100. 50 UEs associated to one PO is assumed. The paging rate is assumed to be 10%. The power for SSB processing (including RRM and tracking), paging reception, sleep state transition to and from active state, deep sleep are considered in our simulation. The simulation assumptions are listed in Table 1. The power model and UE power consumption during the state transition are in Table 2 and Table 3, respectively.
Table 1:  Simulation assumptions

	Parameters
	Assumptions or values

	FR/SCS
	FR 1, 30KHz

	SSB
	4 SSB spanning 2 slots

	paging rate
	10%

	Num of UEs associated to one PO
	50


Table 2. The power model used for simulation

	Power State
	Relative Power

	Deep sleep
	1

	Light Sleep
	20

	Micro sleep
	45

	PDCCH + PDSCH
	300

	PDCCH only
	100

	enhanced paging DCI
	100

	SSB processing for time-frequency sync. and RSRP measurement of the serving/camping cell
	100


Table 3:  UE power consumption during the state transition
	Sleep type
	Additional transition energy:

(Relative power x  ms) 
	Total transition time 

	Deep sleep 
	450 
	20 ms 

	Light sleep 
	100 
	6 ms 

	Micro sleep 
	0 
	0 ms* 

	* Immediate transition is assumed for power saving study purpose from or to a non-sleep state 


Table 4: Power saving gain for enhanced paging DCI  (The benchmark is Rel-15 idle mode behavior, including paging reception, DL tracking and RRM.)

	Paging cycle
	power saving gain for Enhanced paging DCI

	Paging cycle=1280ms
	5%

	Paging cycle=640ms
	8%

	Paging cycle=320ms
	11%


Based on the above simulation assumptions, the overall power saving gain for the above solution comparing with Rel-15 paging is shown in Table 4. We can see that the solution with enhanced paging DCI including UE_ID information can obtain about 5%-11% gain for different paging cycles. It is worth noting that if RRM relaxing is also used, the power ratio for paging reception will be increased and thus the power saving gain for this solution will get larger. Thus, we think this enhancement can be considered to solve the false alarm issue in RAN2. 
Proposal 1: Enhanced paging DCI to include UE_ID information should be supported to minimize the false alarm issue for paging in idle/inactive mode.
3. Text proposal on TR
---------------------------------------------------------Text Proposal Start-------------------------------------------------------
6.1 UE paging procedure based on power saving signal/channel/procedure

The power saving signal/channel related paging is down-prioritized in the study. 
NOTE: It is FFS if further evaluations are required.

Extending the DRX cycle length to 10.24s in idle and inactive mode will be considered. Increasing it above 10.24s will not be studied.
A power saving specific rule will be defined for DRX cycle determination in idle and inactive mode, in the presence of different DRX cycle configurations (e.g. UE specific and default).  It is FFS how it is enabled. The DRX cycles are decided by the network based on UE preference indications. All enhancements are aiming at reusing existing mechanism (e.g. eDRX).
Enhanced paging DCI to include UE_ID information is supported to minimize the false alarm issue for paging in idle/inactive mode.
---------------------------------------------------------Text Proposal End-------------------------------------------------------Proposal 2: RAN2 to consider the above text proposal about the paging for power saving. 
4. Conclusion

In this contribution, we discuss the false alarm issue for paging enhancement in idle/inactive mode. Based on the discussion, we have the following observations and proposals:

Observation 1: With larger number of UEs associated to the same PO, false alarm probability increases, which will increase power consumption for UE.

Proposal 1: Enhanced paging DCI to include UE_ID information should be supported to minimize the false alarm issue for paging in idle/inactive mode.

Proposal 2: RAN2 to consider the above text proposal about the paging for power saving. 
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