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[bookmark: _GoBack]Introduction
The SID of the low power WUS (LP-WUS) can be found in [1].
	The study item includes the following objectives:
· Identify evaluation methodology (including the use cases) & KPIs [RAN1]
· Primarily target low-power WUS/WUR for power-sensitive, small form-factor devices including IoT use cases (such as industrial sensors, controllers) and wearables
· Other use cases are not precluded
· Study and evaluate low-power wake-up receiver architectures [RAN1, RAN4] 
· Study and evaluate wake-up signal designs to support wake-up receivers [RAN1, RAN4] 
· Study and evaluate L1 procedures and higher layer protocol changes needed to support the wake-up signals  [RAN2, RAN1] 
· Study potential UE power saving gains compared to the existing Rel-15/16/17 UE power saving mechanisms, the coverage availability, as well as latency impact of low-power WUR/WUS. System impact, such as network power consumption, coexistence with non-low-power-WUR UEs, network coverage/capacity/resource overhead should be included in the study [RAN1]
· Note: The need for RAN2 evaluation will be triggered by RAN1 when necessary. 


The contribution focuses on the evaluation methodology and KPIs.

Evaluation methodology
1.1 Power model
Power model for the main radio
In RAN1#110bis-e [2], the power model for the main radio was widely discussed and had the good progress.
	Agreement
Take the following power model for main radio for evaluation in LP-WUS/WUR SI,
· For IoT and wearable cases, reuse TR38.875 power model as baseline.
· For eMBB and other cases, reuse TR38.840 power model as baseline.
· Introduce ‘Ultra-deep sleep’ power state for main radio of UEs with LP-WUS receiver and reusing power model option 1 value of ‘Ultra-deep sleep’for LPHAP evaluation, i.e.,
· FFS: The details of ‘Ultra-deep sleep’ power state
Agreement
· The following power models are used ‘Ultra-deep sleep’ power state for main radio for evaluation
	Power State
	Relative Power (unit)
	Ramp-up and down transition energy (Note1):
(unit multiplied by ms)
	Ramp-up time
	Time for sync/re-sync

	Ultra-deep sleep
	[0.015]
	[2000 ~ 40000]
· Study to converge on candidate numbers to use for evaluation
· FFS: other values and reported by companies.
· FFS: down-selection of the values, 
· companies are encouraged to provide details for down-selection
	[400ms], FFS: 100ms
	X


Note1: 
· Ramp-up time may consist of the procedure for [main radio hardware tune on e.g., boot, memory load and etc.]
· Time for sync/re-sync consists of the procedure for [main radio to re-synchronization with the serving gNB etc.]
· FFS: X and whether/how to have different values depending on other factors, e.g., signal-to-noise ratio.
· Companies can report the assumption of X in the initial evaluation.
· Ramp up and down energy includes power for ramp-up and ramp-down. Energy consumption for sync/re-sync is separately calculated.
· The total time for main radio transition from ultra-deep sleep to active/micro sleep state is the sum of ramp-up time and time for sync/re-sync. 
· FFS whether/how to define ramp-down time, whether to separately describe the ramp-down energy consumption.
Note 2: the power state transitions in this table refer to transitions between ultra deep sleep state and active / micro sleep state.
Note 3: The values inside of ‘[ ]’ are to be used as starting point of future study on LP-WUS.


The total transition time/energy
It seems that the total transition energy includes the rump up/down energy and sync/re-sync energy, and the total transition time includes the rump up/down time and sync/re-sync time.
[image: ]
Figure 1: The total transition time/energy including ramp-up/down and sync/re-sync
Ramp-up/down time/energy
The note says “Ramp-up time may consist of the procedure for [main radio hardware tune on e.g., boot, memory load and etc.]”. We think it is true. For ramp-down time, we fail to understand why we should discuss it separately. In R16/R17 UE power model, the ramp-up/down time are jointly modelled. Because the ramp-up and the ramp-down are present together, the joint consideration is enough.
Table 1: The ramp-up/down time/energy
	
	The ramp-up/down time
	The ramp-up/down energy
	Note

	Deep sleep of the main radio
	20ms
	450
	Main radio: RF partial off (e.g. LNA is off). The main radio still camp on a serving cell due to timely serving-cell measurement

	Ultra deep sleep of the main radio
	400ms
	5000
(It does not follow the linear relationship due to cell search power consumption, so triangle rule is not effective)
	Main radio: RF off. The main radio does not camp on any cell like power saving mode, and needs to perform cell search when waking up


Proposal 1: The cell search should be considered in the ramp-up/down time/energy.
Proposal 2: The ramp-up/down time could be 400ms, and the ramp-up/down energy could be 5000.

Sync/re-sync time/energy
Here the sync/re-sync means the further time/frequency tracking loop after the cell search. Usually the main radio should process several SSBs to achieve the required time/frequency synchronization.
For the sync/re-sync time, if the main radio only relies on periodic reference signal (e.g. SSB and idle/inactive TRS in R17), the sync/re-sync time should depend on the time gap between the wake-up time and the nearest periodic reference signal, the number of periodic reference signal to be process and periodicity of periodic reference signal. In this case, the sync/re-sync time means T/F tracking based on the periodic reference signals in legacy. If the main radio can use any aperiodic reference signal (new signal), the sync/re-sync time can be defined as the time gap between the wake-up time the coming aperiodic reference signal. In this case, the sync/re-sync time means T/F tracking based on aperiodic reference signal (to be introduced). We think it is too early to decide to introduce an aperiodic reference signal (e.g. the resource overhead issue), and thus the sync/re-sync time means T/F tracking based on the periodic reference signals in legacy.
Similarly, we think the sync/re-sync energy means T/F tracking based on based on the periodic reference signals in legacy.
Proposal 3: The sync/re-sync time and energy mean T/F tracking based on based on the periodic reference signals in legacy.

Power model for the LP-WUR
In RAN1#110bis-e [2], the power model for the LP-WUR was also widely discussed and had the good progress.
	Agreement
The following power model for LP-WUR/WUS evaluation is considered,
· Relative power unit for LP-WUR ‘off’ state, i.e., the LP-WUR does not perform monitoring: 
· [0.001]
· Relative power unit for LP-WUR ‘on’ state, i.e., the LP-WUR performs monitoring: 
· [0.005/0.01/0.02/0.03/0.05/0.1/0.2/0.5/1/2/4]
· Other values are not precluded to be evaluated
· FFS: Mapping from values to a LP-WUR architecture or LP-WUR mode of operation
· No additional transition energy and transition time between ‘on’ and ‘off’ state as start point, FFS any transition energy and transition time if needed.
Note1: A unit of power is defined to be the same for main receiver and LP-WUS receiver.
Note2: the values provided is for the purpose of studying power saving gain, and the values can be further revisit and categorization depending on the receiver architecture discussion.
Note3: For LP-WUR ‘on’ state, more than one values within the above range may be used for evaluation (e.g. for a single LP-WUR architecture)
FFS: LP-WUR power consumption values for FR2.


Since there is no additional transition energy/time between the LP-WUR ‘on’ and the LP-WUR ‘off’, the LP-WUR ‘off” may mean the hardware of the LP-WUR does not switch off. In this sense, the relative power for the LP-WUR ‘off’ may not have too large gap compared to that for the LP-WUR ‘on’.
The relative power for the LP-WUR ‘on’ is tightly related to the selected architecture. We think there could be two categories of the relative power for the LP-WUR ‘on’, e.g. one for IF envelop detection and another one for baseband envelop detection.
Table 2: The relative power values for the LP-WUR
	
	Possible absolute power value
	Relative power value
	Note

	Deep sleep of the main radio
	2mW
	1
	Main radio: RF partial off

	IF envelope detection
	The LP-WUR ‘on’
	1mW
	0.5
	LP-WUR: RF on, and monitoring

	
	The LP-WUR ‘off’
	20uW
	0.01
	LP-WUR: RF on, but no monitoring

	Baseband envelope detection
	The LP-WUR ‘on’
	400uW
	0.2
	LP-WUR: RF on, and monitoring

	
	The LP-WUR ‘off’
	4uW
	0.002
	LP-WUR: RF on, but no monitoring


Proposal 4: Define two categories for relative power values for the LP-WUR.
Proposal 5: For catgory-1 (e.g. IF envelope detection), the relative power for the LP-WUR ‘on’ could be 0.5 and that for the LP-WUR ‘off” could be 0.01; for category-1 (baseband envelop detection), the relative power for the LP-WUR ‘on’ could be 0.2 and that for the LP-WUR ‘off’ could be 0.002.

Evaluation assumptions
There are lots of evaluation assumptions to be determined. In our view, some of them should be aligned among companies for discussion progress, and others may be provided individually by companies as a part of their own solutions. For simplicity, we only focus on idle/inactive state, but it does not imply any prioritization.
1.2 Baseline evaluation assumptions
In RAN1#110bis-e [2], the baseline evaluation assumptions were agreed.
	Agreement
The following is assumed for RRC IDLE/INACTIVE evaluation,
	Parameters
	Value

	i-DRX cycle length
	1.28s and other values not precluded and reported by companies, consider both with PEI/ without PEI

	e-DRX cycle length
	20.48s, 61.44s and other values not precluded, company to report which value(s) are used.  Note: ‘ultra-deep sleep’ state can be assumed for eDRX whenever necessary for baseline UE

	Number of POs in Paging Frame
	1

	Number of DRXs per PTW
	4

	Number of SSB before PO / PEI
	1, 2 or 3, (used for e.g., AGC adjustment, T/F tracking, serving cell and intra-F measurement)
company to report which value(s) are used
Note: the assumptions is for MR wakes from ‘Deep sleep’

	Sync/re-sync after ultra-deep sleep
	companies to report the timeline of sync/re-sync and X value, X is the time for sync/re-sync

	RRM Measurement
	Company to report whether and how the RRM measurement is assumed, e.g., whether RRM performed by main radio or LP-WUR, whether RRM is relaxed or not.

	LP-WUS monitoring
	Option 1: continuously monitoring
Option 2: discontinuously monitoring, with [T] ms as the period for complete an on-and-off cycle, and [D] ms as the active time for monitoring LP-WUS every cycle.

	Traffic
	Option 1 (baseline):
Per UE paging rate (R_E)= ([1%]) or ([0.1%]) or ([0.01%]) or ([0.001%]) within duration Y, [FFS Y is an i-DRX cycle length or an absolute time duration length]
· R_G denotes as the group paging rate and R_E denotes as UE paging rate, and 1-R_G=(1-R_E)^N, where N is the number of UEs in the group, and N is [TBD]
· FFS: how (R_G, R_E) for e-DRX derived from
 
FFS: Option 2 (optional):
Reusing TR 38.875 heart beat traffic model
	Model
	FTP3

	Packet size
	100 Bytes

	Mean inter-arrival time
	60s (per UE paging rate≈2%)


 
Model RRC connection phase power consumption as follows,
	RRC connection duration
	[30ms]

	Relative energy consumption of RRC connection block (Relative power x ms)
	[=3000]


 
Other options are not precluded can be reported by companies.

	Others
	Reported by companies






1.3 Additional assumptions for the LP-WUR
Continuously-monitoring vs. periodically-monitoring
“Continuously-monitoring” means the LP-WUR is always turned on to detect the LP-WUS in low power consumption. “Periodically-monitoring” means the LP-WUR is periodically turned on to detect the LP-WUS. To achieve the low latency, some companies prefer continuously-monitoring type of the LP-WUR. To maximize the power saving gain, some companies prefer periodically-monitoring type of the LP-WUR. Assumption of continuously-monitoring or periodically-monitoring may impact most of KPIs.
Observation 1: Assumption of continuously-monitoring or periodically-monitoring impacts KPIs widely.
Whether the LP-WUS supports beam sweeping or not
In medium or high frequency, beam sweeping can achieve the acceptable coverage radius for broadcast type of channels, e.g. PEI PDCCH and paging PDCCH. To keep the similar coverage radius, the LP-WUS may also support beam sweeping, but it will cause the large resource overhead.
Observation 2: Assumption of whether the LP-WUS supports beam sweeping or not impacts at least the resource overhead and the coverage.
1.4 Additional assumptions for the main radio
4. Whether the main radio should still monitor PO after wakeup
For R17 PEI, the main radio should still monitor PO after wakeup, which cause the latency is up to DRX cycle length and the resource overhead can be reduced.
[image: ]
Figure 2: Illustration of the main radio behaviors for R17 PEI
For the LP-WUR, if the main radio does not need to monitor PO after wakeup, the latency can be kept small enough, but the resource overhead may be large since the LP-WUS may contain one or more entire UE IDs in which one UE ID may have 48 bit for ng-5G-S-TMSI. 
[image: ]
Figure 3: Illustration of the main radio behaviors for the LP-WUR and the main radio, if the main radio does not need to monitor PO after wakeup
On contrary, if the main radio should still monitor PO after wakeup, it is a little like R17 PEI, and balance between the latency and the resource overhead should be studied.
[image: ]
Figure 4: Illustration of the main radio behaviors for the LP-WUR and the main radio, if the main radio should still monitor PO after wakeup
 Besides, the power saving gain, coverage and mobility are also affected by assumption of whether the main radio should still monitor PO after wakeup.
Observation 3: Assumption of whether the main radio should still monitor PO after wakeup impacts KPIs widely.
Whether the measurement is relaxed or not at the main radio
It is common understanding, with the assistance of the LP-WUR, the main radio can be turned off for long time in high probability. However, we have assumed the most measurement is skipped at the main radio behind this common understanding. The aggressive measurement relaxation may affect mobility generally.
Observation 4: Assumption of whether the measurement is relaxed or not at the main radio at least impacts the mobility.
Whether the main radio needs to perform cell search after wakeup
If the main radio needs to perform cell search after wakeup, the latency will be large. On the other hand, the additional power consumption due to exhaustive cell search may reduce the power saving gain.
Observation 5: Assumption of whether the main radio needs to perform cell search after wakeup at least impacts the latency and the power saving gain.
Furthermore, if the aggressive measurement relaxation of the main radio can be enabled and the main radio will perform cell search after wakeup, the main radio can stay in a state like completely-off state before wakeup, which has lower power consumption than the deep sleep state, but has larger latency than the deep sleep state.
Observation 6: If the main radio needs to perform cell search after wakeup, the main radio can stay in a completely-off state before wakeup.
1.5 Summary of evaluation assumptions
According to above discussion on evaluation assumptions, we have the following proposals.
Proposal 6: The additional evaluation assumptions should be studied and determined as much as possible, e.g.
· continuously-monitoring vs. periodically-monitoring,
· whether the LP-WUS supports beam sweeping or not,
· whether the main radio should still monitor PO after wakeup, 
· whether the measurement is relaxed or not at the main radio, and
· whether the main radio needs to perform cell search after wakeup.

[bookmark: _Ref494215420][bookmark: _Ref502921678][bookmark: _Ref502921460]Conclusion
We have the following observations.
Evaluation assumptions
Observation 1: Assumption of continuously-monitoring or periodically-monitoring impacts KPIs widely.
Observation 2: Assumption of whether the LP-WUS supports beam sweeping or not impacts at least the resource overhead and the coverage.
Observation 3: Assumption of whether the main radio should still monitor PO after wakeup impacts KPIs widely.
Observation 4: Assumption of whether the measurement is relaxed or not at the main radio at least impacts the mobility.
Observation 5: Assumption of whether the main radio needs to perform cell search after wakeup at least impacts the latency and the power saving gain.
Observation 6: If the main radio needs to perform cell search after wakeup, the main radio can stay in a completely-off state before wakeup.

We have the following proposals.
Evaluation methodology
Proposal 1: The cell search should be considered in the ramp-up/down time/energy.
Proposal 2: The ramp-up/down time could be 400ms, and the ramp-up/down energy could be 5000.
Proposal 3: The sync/re-sync time and energy mean T/F tracking based on based on the periodic reference signals in legacy.
Proposal 4: Define two categories for relative power values for the LP-WUR.
Proposal 5: For catgory-1 (e.g. IF envelope detection), the relative power for the LP-WUR ‘on’ could be 0.5 and that for the LP-WUR ‘off” could be 0.01; for category-1 (baseband envelop detection), the relative power for the LP-WUR ‘on’ could be 0.2 and that for the LP-WUR ‘off’ could be 0.002.
Evaluation assumptions
Proposal 6: The additional evaluation assumptions should be studied and determined as much as possible, e.g.
· continuously-monitoring vs. periodically-monitoring,
· whether the LP-WUS supports beam sweeping or not,
· whether the main radio should still monitor PO after wakeup, 
· whether the measurement is relaxed or not at the main radio, and
· whether the main radio needs to perform cell search after wakeup.
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