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Introduction
It has been agreed in RAN#88e [1] that paging enhancement to reduce unnecessary UE paging receptions could be specified in R17.
	1) [bookmark: OLE_LINK8][bookmark: OLE_LINK9]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


This contribution discusses the potential paging enhancements to reduce unnecessary UE paging receptions. In the remaining content of the paper, we will discuss the different mechanisms of paging enhancement and finally provide the evaluation results.

Resource based paging group refining
In eMTC and NB-IoT, UE subgrouping in a PO was specified to reduce the false alert rate of paging. The UE subgrouping is based on different paging narrowbands or carriers. This solution can be considered in R17 power saving, i.e. the resource based paging group refining. For NR, this can be implemented by using different paging CORESET for different UE groups, which was proposed in R15 but not specified yet.

Paging indication 
Paging indication discussed in R15
Paging indication (PI) was proposed in R15 to reduce the overhead caused by beam sweeping of paging. After detecting PI, UE should send preamble to let gNB know the beam preferred by the target UE, and gNB only transmits the paging by the preferred beam. It could avoid beam sweeping of paging. However, in R15, due to the time limit, PI was not specified. In the R15 discussion, PI can indicate a sub-group of UEs in a PO to reduce the false alert of paging. PI could potentially reduce UE power consumption in idle mode. Here we use terminology of PI to represent an indication to indicate a sub-group of UEs or per UE in a PO.

PDCCH based wakeup signal in R16
PDCCH based wakeup signal (DCI format 2-6) has been introduced in R16 to avoid unnecessary wake up in DRX ON. Paging cycle can be regarded as idle-mode DRX cycle, so PDCCH based wakeup signal could be introduced to indicate UE whether to wake up in the next paging cycle. In DCI format 2-6, UE can be configured with the wakeup indication bit, but in idle mode, UE cannot be configured the DCI bit in broadcast way. The “wakeup indication” bit should be associated to UE ID, so it should be related to PO indeed, and the wakeup signal is equivalent to PI in turn.

Candidate techniques
PI could be implemented by using existing or additional field in Type2-PDCCH CSS set (paging CSS set).
[bookmark: _Ref494215420][bookmark: _GoBack]
Evaluation 
We further evaluate the power saving gain for paging enhancement. The power model for idle mode is updated according to [2] and [3].
Table 1: The power model for evaluation of paging in idle mode
	Power state
	Power consumption
	Note

	Deep sleep
	1
	Not scaled with RX BW

	Light sleep
	20
	

	Micro sleep
	45
	

	PDCCH-only
	50
	Scaling to 20MHz RX BW:
Max(X∙0.4, 50), where X is power value at 100MHz

	PDCCH + PDSCH
	120
	

	SSB or CSI-RS processing
	50
	

	Deep sleep transition energy
	450
	Transition time 20ms

	Light sleep transition energy
	100
	Transition time 6ms

	Micro sleep transition energy
	0
	Transition time 0ms



Evaluation assumptions for “resource based paging group refining”
The evaluation assumptions are listed in the following table. We assume there are 100 UEs per group before refining, and 10 UEs per group after refining.
Table 2: The evaluation assumptions
	Item
	Value
	Note

	Subcarrier spacing (kHz)
	30
	

	Paging cycle (slot)
	640 
	320ms

	Per-UE paging rate (p)
	1%
	

	#UE per group (N)
	10 or 100
	

	Group paging rate
	10% or 60%
	1-(1-p)^N

	Paging cycle number
	100
	


 The evaluation results for “resource based paging group refining” can be found in the following table. 
Table 3: The evaluation results for “resource based paging group refining”
	(Sub)group paging rate
	10% (after refining)
	60% (before refining)
	Note

	PDCCH-only energy
	9000
	4000
	UE detected paging PDCCH but P-RNTI de-scrambling failed. Deep sleep transition energy is included here.

	PDCCH+PDSCH energy
	1700
	10200
	UE detected paging PDCCH and P-RNTI de-scrambling succeeded. Deep sleep transition energy is included here. 

	Deep sleep
	64000
	64000
	

	SSB or CSI-RS processing
	5000
	5000
	Assume one SSB burst is processed per paging cycle. Assume the transition is absorbed in PDCCH-only or PDCCH+PDSCH. Assume the light sleep between SSB and paging is absorbed in the value of Deep sleep.

	Power consumption
	79700
	83200
	

	Power saving gain
	4.2%
	0%
	


It can be observed that 10% group-paging-rate has power saving gain about 4.2% over 60% group-paging-rate, which comes from less group paging opportunities. 
Observation 1: The “resource based paging group refining” can provide about 4.2% gain, in case of from 60% group-paging-rate down to 10% group-paging rate.
Proposal 1: Consider to study the resource based paging group refining.

Evaluation assumptions for “PI”
The evaluation assumptions are listed in the following table. We assume there are 10 UEs per group after paging group refining.
Table 4: The evaluation assumptions
	Item
	Value
	Note

	Subcarrier spacing (kHz)
	30
	

	Paging cycle (slot)
	640 
	320ms

	Per-UE paging rate (p)
	1%
	

	#UE per group (N)
	10
	

	Group paging rate
	10%
	1-(1-p)^N

	Subgroup paging rate after indication
	1%
	Assume the PI can indicate one UE in a group

	Paging cycle number
	100
	


 The evaluation results for “PI” can be found in the following table. 
Table 5: The evaluation results for “resource based paging group refining” plus PI
	(Sub)group paging rate
	1% (after refining plus PI)
	60% (before refining)
	Note

	PDCCH-only energy
	9900
	4000
	UE detected paging PDCCH but P-RNTI de-scrambling failed. Deep sleep transition energy is included here.

	PDCCH+PDSCH energy
	170
	10200
	UE detected paging PDCCH and P-RNTI de-scrambling succeeded. Deep sleep transition energy is included here.

	Deep sleep
	64000
	64000
	

	SSB or CSI-RS processing
	5000
	5000
	Assume one SSB burst is processed per paging cycle. Assume the transition is absorbed in PDCCH-only or PDCCH+PDSCH. Assume the light sleep between SSB and paging is absorbed in the value of Deep sleep.

	Power consumption
	79070
	83200
	

	Power saving gain
	5%
	0%
	


It can be observed that 10% group-paging-rate plus PI has additional power saving about 0.8%. The additional power saving gain comes from the decrease of “PDCCH+PDSCH energy”.
Observation 2: PI can provide additional power saving gain.
Proposal 2: Consider to study the paging indication.

It can be also observed that “PDCCH-only energy” (including Deep sleep transition energy) still takes large portion of power consumption. When power consumption of “PDCCH+PDSCH energy” is reduced to 170, the power saving gain is still limited, since power consumption of “PDCCH-only energy” is 9900. So sequence-based wakeup signal with low transition energy is beneficial for further power saving in idle mode.
Observation 3: “PDCCH-only energy” including Deep sleep transition energy still takes large portion of power consumption in idle mode.
Proposal 3: Consider to study the sequence-based wakeup signal with low transition energy in idle mode.

Conclusion 
Proposal 1: Consider to study the resource based paging group refining.
Proposal 2: Consider to study the paging indication.
Proposal 3: Consider to study the sequence-based wakeup signal with low transition energy in idle mode.
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