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Discussion and decision
1 Introduction

This contribution discusses potential solutions to reduce UEs power consumption while addressing the following objective: "study the enhancement of UE paging procedure based on the additional power saving signal/channel/procedure" as captured in Rel-16 SID on UE Power Saving [1].
2 Discussion

In Rel-15 LTE, a new wake up signal (WUS) is defined to reduce UE's power consumption due to the paging monitoring for NB-IoT UEs, BL UEs or UEs in enhanced coverage. For these UEs, the power consumption drain comes from the large number of repetitions required for PDCCH vs the ones required for WUS, measurements and DL synchronization. The transmission of the WUS is associated with the UE’s legacy paging occasion (PO) in each paging DRX cycle. When UE detects the WUS before its configured PO, the UE monitors the PDCCH to receive paging message in the corresponding PO (therefore when WUS is not detected, UE can skip monitoring for paging in the following paging frame). The starting subframe for the WUS transmission is determined from the location of the associated PO considering the maximum WUS duration and non-zero gap between end of WUS and start of associated PO, as shown in the figure below.
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Illustration of WUS timing in TS 36.300
For Rel-15 LTE, RAN1 defined the WUS as a sequence based design and also specified a new cell-specific reference signal to help the UEs reducing its re-synchronization time. 
In this Rel-16 NR PWS SI, RAN1 is studying the usage of new power saving signals/channels to reduce UE's power consumption but focusing on RRC_CONNECTED as prioritized by the SID [1]. The draft of TR 38.840 captures initial power consumption evaluations of potential new power saving signals/channels in conjunction to C-DRX (details e.g. in sections 5.1.4 and 5.2.1 of the drafted TR 38.840). 
For Rel-15 NR UEs in RRC_IDLE, the key power consumption factors to consider from RAN2 side are: RRM measurements and reception of paging messages when this does not target the specific UEs. Enhancements to RRM measurements is discussed on [2]. In relation to the paging reception, for a given PF/PO, a group of UEs in RRC_IDLE checks PDCCH for P-RNTI, as specified in TS 38.304. Therefore a large of UEs may receive a given paging message when is actually intended for a different UE. Therefore it might be beneficial if there were a WUS that could further limit the number of UEs that actually have to decode the paging message. 
Observation 1. UEs in RRC_IDLE or RRC_INACTIVE consumes unnecessary power when having to decode a paging message that is actually not target for the given UE amongst other factors.

Table 1 summarizes the key activates that contribute to power consumption during a paging DRX cycle, excluding the RRM measurements and DL synchronization. The expected time duration is also included and the relative power consumption based on RAN1 assumption, capture for reference in Annex A. 
Table 1. Analysis of a paging DRX cycle with a WUS
	Activities
	Legacy paging
	WUS and paging

	
	Time (ms)
	Relative consumption
	Time (ms)
	Relative consumption

	Wake-up signal (WUS)
	-
	-
	Depends on design
	Depends on design

	Gap between WUS and corresponding PF/PO
	-
	-
	Depends on design
	Depends on design

	PF/PO
	1
	300 if paging msg. otherwise 100
	1
	300 if paging msg. otherwise 0

	Sleep
	Depends on DRX cycle length
	1 for deep sleep or, 

20 for light sleep
	Depends on DRX cycle length
	1 for deep sleep or, 

20 for light sleep

	Transition into and out of Sleep
	20 for deep sleep or 6 for light sleep
	450 for deep sleep or, 

100 for light sleep
	20 for deep sleep or 6 for light sleep
	450 for deep sleep or, 

100 for light sleep


Table 1 does not include a concrete values associated to the WUS as this is highly dependent to RAN1 design of the WUS signal/channel. For study purpose, we used the WUS assumptions from [3] and calculated the relative power consumption during one paging DRX cycle when using or not WUS. Annex B includes additional references to those assumption details (in Table 5), as well as, further analysis details (Table 6). Table 2 provides the power consumption saving or extra percentage (%) in relation the power consumption used during legacy paging behavior. The following scenarios are compared:
A) Additional power consumption when a UE receives a paging message including its UE ID with the WUS and legacy paging mechanism, vs only with legacy paging mechanism.

B) Power consumption saving when a UE does not receive any paging message in the corresponding PF/PO with the WUS, vs only with legacy paging mechanism.

C) Power consumption saving when a UE receives a paging message that does not include its UE ID in the corresponding PF/PO with the WUS (assuming that WUS would not be sent), vs only with legacy paging mechanism. Note that in this scenario, it is assumed that the WUS is not sent for this UE because the network could only notify to the UE that needs to actually be paged.

Table 2. Percentage of power consumption from the power consumption when using legacy paging behaviour
	Paging DRX cycle
	A) Additional power consume (%) using WUS when a UE receives a paging msg. including its UE ID
	B) Power consume saving (% ) using WUS when no paging message is sent
	C) Power consume saving (% ) using WUS when a UE avoids reception of a paging msg. not including its UE ID

	320
	1.49
	0
	2.08

	640
	1.44
	0
	2.02

	1280
	1.35
	0
	1.89

	2560
	1.21
	0
	1.69


The numbers in Table 2 shows preliminary results. It is important to highlight that the results are highly dependent on the assumptions taken for the design of the new power saving signal.
Observation 2. In this preliminary analysis, the new power saving signal consumes the same power consumption when there is no paging message being sent on a given PF/PO (scenario B); however an additional power consumption of around 1.3% is observed when there is a paging message being sent to the actual UE (scenario A). 

Observation 3. In this preliminary analysis, a power consumption saving of around 2% is observed when the new power saving signal could limit the group of UEs that are notified of a paging message been sent, i.e. for this case a paging message is sent in UE's corresponding PF/PO but when using the new power saving signal, UE is not notified as this paging message does not include its UE ID (scenario C).  
Proposal 1. To study whether it is beneficial to use a new power saving signal to avoid unnecessary reception/decoding of paging message. 

Proposal 2. To study whether a finer granularity is beneficial in defining the new power saving signal to target UEs in RRC_IDLE/RRC_INACTIVE (i.e. UE ID/group of UE IDs can be associated to the new power saving signal). 

Proposal 3. To provide RAN1 the outcome of RAN2 study on the benefit of a new power saving signal in idle mode. 
3 Conclusion

The observations captured are the following:
Observation 1.
UEs in RRC_IDLE or RRC_INACTIVE consumes unnecessary power when having to decode a paging message that is actually not target for the given UE amongst other factors.
Observation 2.
In this preliminary analysis, the new power saving signal consumes the same power consumption when there is no paging message being sent on a given PF/PO (scenario B); however an additional power consumption of around 1.3% is observed when there is a paging message being sent to the actual UE (scenario A).
Observation 3.
In this preliminary analysis, a power consumption saving of around 2% is observed when the new power saving signal could limit the group of UEs that are notified of a paging message been sent, i.e. for this case a paging message is sent in UE's corresponding PF/PO but when using the new power saving signal, UE is not notified as this paging message does not include its UE ID (scenario C).

The proposals captured are the following:
Proposal 1.
To study whether it is beneficial to use a new power saving signal to avoid unnecessary reception/decoding of paging message.
Proposal 2.
To study whether a finer granularity is beneficial in defining the new power saving signal to target UEs in RRC_IDLE/RRC_INACTIVE (i.e. UE ID/group of UE IDs can be associated to the new power saving signal).
Proposal 3.
To provide RAN1 the outcome of RAN2 study on the benefit of a new power saving signal in idle mode.
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5 Annex A

RAN1 relevant assumptions on power consumption and timings as captured on TR 38.840 are the following:
	Power State
	Characteristics
	Relative Power

	
	
	FR1
	FR2

	Deep Sleep
	Time interval for the sleep should be larger than the total transition time entering and leaving this state. Accurate timing may not be maintained.
	1 
(Optional: 0.5)

	Light Sleep
	Time interval for the sleep should be larger than the total transition time entering and leaving this state. 
	20

	Micro sleep
	Immediate transition is assumed for power saving study purpose from or to a non-sleep state
	45

	PDCCH-only
	No PDSCH and same-slot scheduling; this includes time for PDCCH decoding and any micro-sleep within the slot. 
	100
	175

	SSB or 
CSI-RS proc.
	SSB can be used for fine time-frequency sync. and RSRP measurement of the serving/camping cell. TRS is the considered CSI-RS for sync. FFS the power scaling for processing other configurations of CSI-RS.
(Note for FR2 - 2 SSBs in a slot for the ref. config.)
	100
	175

	PDCCH + PDSCH
	PDCCH + PDSCH. ACK/NACK in long PUCCH is modeled by UL power state. For FR2, FFS the power scaling for PDSCH-only slot.
	300
	350

	UL
	Long PUCCH or PUSCH. 
	250 (0 dBm)

700 (23 dBm)
	350

(FFS Tx power)


Table 3: UE power consumption model for FR1
FFS: Power saving signal processing power and transition energy.

The following additional transition energy and total transition time for the three sleep types are adopted as working assumption for power saving SI:

· Both ramp down and ramp up transitions are included.

· Additional processing time for acquiring synchronization is not included in total transition time.

· There is always a non-sleep power state between adjacent sleeps.

· FFS: Specify the times and relative power values for the ramp down and ramp up transitions separately.
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Figure 1:  Illustration of UE power consumption at state transition
	Sleep type
	Relative power consumption (x ms)
	Total transition time (ms)

	Deep sleep 
	450 
	20

	Light sleep 
	100 
	6

	Micro sleep 
	0 
	0(*) 

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


Table 4:  UE power consumption during the state transistion
6 Annex B

Exemplary power consumption evaluation is shown below for a given DRX cycle and assuming the WUS design from [3]. As previously explained this analysis considers the assumptions captured by RAN1 in the drafted TR 38.840 (key references are also included in Annex A for reference. Table 5 below summarizes the key assumptions; note that is also adds the assumptions on the WUS design assumption from [3] on top of the other assumptions previously shown in Table 1 and Annex A: 
Table 5. Analysis of a paging DRX cycle assuming a WUS used in [3]
	Activities
	Legacy paging
	WUS and paging

	
	Time (ms)
	Relative consumption
	Time (ms)
	Relative consumption

	Wake-up signal (WUS)
	-
	-
	1
	100

	Gap between WUS and corresponding PF/PO
	-
	-
	1 if paging msg. otherwise 0
	45

	PF/PO (*)
	1
	300 if paging msg. otherwise 100
	1
	300 if paging msg. otherwise 0

	Sleep
	Depends on DRX cycle length
	1 
	Depends on DRX cycle length
	1 

	Transition into and out of Sleep (Deep)
	20 
	450
	20
	450


(*) For PF/PO, the assumption is reception of PDCCH and PDSCH when paging msg. is sent, otherwise only PDCCH 
Table 6 below shows exemplary relative power consumption values taken into consideration the assumptions summarized in Table 5 above:
Table 6. Relative power consumption based on Table 5 assumption

	Paging DRX cycle (ms)
	Scenario
	Legacy Paging
	Paging & WUS

	320
	Paging msg. sent
	9599
	9742

	
	No paging msg. sent
	9399
	9399

	640


	Paging msg. sent
	9919
	10062

	
	No paging msg. sent
	9719
	9719

	1280


	Paging msg. sent
	10559
	10702

	
	No paging msg. sent
	10359
	10359

	2560


	Paging msg. sent
	11839
	11982

	
	No paging msg. sent
	11639
	11639


