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Introduction
Power consumption is a key requirement for the Low Power Wide Area (LPWA) IOT service. To fulfill the requirement of the LPWA service, very clear criteria have been defined in TR 45.820[1] section 4 and referred as the evaluation criteria for NB-IOT design:
The power consumption of MTC devices compared with legacy GPRS (non EGPRS) should be reduced so that they can have up to ten years battery life with battery capacity of 5 Wh (Watt-hours), even in locations with adverse coverage conditions, where up to 20 dB coverage extension over legacy GPRS might be needed
In RAN2#91BIS, the false rate of reading the paging was discussed and thought that it can impact the battery life of the NB-IOT devices. A framework based on message reading indicator was proposed and discussed to mitigate the power consumption due to the false paging.
In this paper, the false rate of paging reading is evaluated according to the agreed assumptions for NB-IOT traffic, which has been captured in Annex E of TR 45.820. Furthermore, the power consumption due to the false reading of paging is also evaluated based on the physical layer assumption used by NB-CIoT design which has been studied in GERAN study item. The evaluations show that the battery life of the UE that is deployed in extreme coverage can be extended by about half a year considering the 24 hour uplink traffic used in the TR , when the message reading indicator is applied to reduce the false paging rate.
False paging issue and message reading indicator


Figure 1 Illustration of message reading indicator
The message reading indicator was proposed in RAN2#91BIS to reduce the power consumption of the UEs. As shown in Figure 1, the message reading indicator field can be broadcasted, e.g. in MIB or PDCCH, and is used to indicate whether a UE should read the Paging Message in PDSCH. 
In each frame, the base station can know which set of UEs will be scheduled in the next frame. The base station sets the one or multiple bit positions in the message reading indicator field corresponding to the scheduled/paged UEs and then broadcasts the field. By reading the message reading indicator field, all the scheduled/paged UEs will not miss any scheduled PDSCH messages. For UEs that is not scheduled, by just reading a short length message reading indicator, the high processing of large PDCCH messages in the next frame can be avoided. 
Hence, the message reading indicator can save the power and processing complexity when the UE is not scheduled. This especially makes sense for the UEs in extreme coverage.
Evaluations
False paging rate
The false rate of paging reading is defined from UE’s perspective to analyze the impact on the battery life. For a UE in IDLE mode, a DRX cycle will be configured according to the requirements on the latency of network command traffic. On each paging occasion the UE needs to wake up and monitor the PDCCH and PDSCH to read the Paging Message. However, the UE may not be paged on all occasions, so the UE processes the signals and falsely reads the paging message on this occasion. This is defined as the false rate of the paging reading, which is shown in Equation (1).

(1)

A paging request may be retransmitted by multiple attempts from MME, however only one of them will be received by the UE in its current camped cell. For the cells other than the current camped cell, even though a paging record is contained in the paging message sent on the corresponding paging occasions, the UE will never read this paging messages because it is not camped in that cell. Hence, the paging message sent from the cells other than the UE’s camped cell should not be counted in the false rate of paging reading. Hence, the paging session arrival rate is used in Equation (1) for calculating the false rate on paging reading.
The false rate of paging reading is related to the traffic model and delay requirement of the network command service. Some evaluation results are provided in Table 1, which uses the traffic model captured in TR 45.820 and agreed as the assumption in WID [2]. The DRX cycle is determined by the delay requirement of the network command traffic. Four typical DRX cycles of IOT traffic are used for evaluations.
Table 1 False rate of paging reading results based on the NB IOT traffic model [1]
	False rate of paging reading
	DRX cycle (depends on the delay requirement)

	
	10 minutes
	30minutes
	60minutes
	3hours
	average

	Traffic type (paging arrival interval)
	24 hours
	99.31%
	97.92%
	95.83%
	87.50%
	95.14%

	
	2 hours
	91.67%
	75.00%
	50.00%
	NA
	72.22%

	
	1 hour
	83.33%
	50.00%
	NA
	NA
	66.67%

	
	0.5 hour
	66.67%
	NA
	NA
	NA
	66.67%



In several scenarios the false rate of reading is quite high. For example, with an arrival interval of 24hours even the DRX cycle is set to the largest value of 3 hours, the false reading rate is 87.5%. If the DRX cycle is close to one hour, the false rate of paging reading is greater than 95%. For the traffic with 2 hours paging arrival interval, the false rate of paging reading is in the range 50% to ~92%, which has a 72% average false rate.
For the traffic with paging arrival interval of one hour and 30 minutes, the false rate of paging is still on average 67%.
Observation 1: The false rate of paging reading is as high as ~90% in a lot of cases and still be larger than 50% in all other cases for NB-IOT traffic.
Power consumption analysis
It is obvious that the power consumption will be reduced when the false reading rate is reduced. This especially makes sense for the UEs in bad coverage, where the number of repetitions that needs to be read by UEs is in the order of several tens of repetitions.


Figure 2 Three analyzed solutions
To show the benefit of minimizing the false paging reading, the power consumption due to paging message reading is analyzed for different cases. As shown in Figure 2 and described in Table 2, three solutions are evaluated.
Table 2  Three analyzed cases 
	Baseline 1
	· Paging message is read on every paging occasion;
· MIB is not read (value tag is assumed not to be in the MIB and the change indicator of system information is assumed in the paging message);

	Baseline 2
	· Paging message is read on each paging occasion;
· MIB is read on each paging occasion(the value tag is assumed to be conveyed in the MIB);

	Solution 1
(Message Reading Indicator in MIB)
	· Message Reading Indicator (MRI) is conveyed in the MIB;
· The paging messages in PDCCH/PDSCHs are only read when the MRI indicates that the UE will be paged on the paging occasion;



The UE energy consumption for paging message reading per hour can be calculated as in Equation (2), (3) and (4) for Baseline 1, Baseline 2 and Solution 1 respectively.


  (2)

  (3)

		(4)

The numerology and technique in physical layer has not been determined yet in RAN1, hence the evaluations can only be based on the physical layer design of NB-CIoT which has been studied in GERAN study item. As listed in Table 3, the message size and duration for synchronization, MIB reading, PDCCH reading and PDSCH reading for the worst case of 164dB coverage are referred from TR 45.820 as the reference for the evaluation. The RX duration of PDSCH that conveys Paging Message is calculated accordingly.

Table 3 RX duration in a paging reading procedure
	
	Reference of duration and message size for MCL 164dB in TR 45.820
	Number of paging records in each paging message

	
	
	0.1
	1
	2
	4

	Synchronization
	Synchronization time(ms)
	445
	445
	445
	445
	445

	MIB
	PSI reading time(ms)
	30
	30
	30
	30
	30

	
	PSI size
(Bits, including CRC)
	44
	44
	44
	44
	44

	PDCCH
	PDCCH reading time
	220
	220
	220
	220
	220

	
	PDCCH size
(PHY burst size, Bytes)
	10
	10
	10
	10
	10

	PDSCH
	PDSCH reading time
(ms)
	800
	9.09
	90.91
	181.82
	363.64

	
	PDSCH size
(PHY burst size, Bytes)
	44
	0.5
	5
	10
	20



The evaluation results for 2 cases are shown in Table 4 and Table 5. Table 4 corresponds to a UE being paged every 24 hours and using a 3 hours DRX cycle length. Table 5 corresponds to the UE being paged every 2 hours and 1hour DRX cycle. 
According to the discussion in eMTC, the number of paging records in each paging message is believed not to be larger than 4. In the evaluation, 0.1, 1 and 2 paging records are assumed to illustrate the power consumption under different paging loads. In the evaluation, 10 year battery life is assumed as the lifetime of the NB-IOT device, and the total energy consumption during 10 years for reading the paging on UE is calculated. The number of equivalent uplink MAR sessions (including RACH, uplink report sending and DL ACK reception) are also shown in the table if the energy for reading the paging is assumed to be used for uplink MAR session. The gain of message reading indicator can be observed by comparing the equivalent number of MAR sessions with baseline.
Table 4 Power consumption analysis (24hour arrival interval, DRX=3hours)
	[bookmark: OLE_LINK1]
	Baseline1
	Baseline2
	Solution1
	Baseline1
	Baseline2
	Solution1
	Baseline1
	Baseline2
	Solution1

	Paging record number
in each paging message
	0.1
	1
	2

	False rate of paging reading
	87.5%
	87.5%
	10%
	87.5%
	87.5%
	10%
	87.5%
	87.5%
	10%

	Effective RX time
for each paging session(ms)
	5393
	5633
	4055
	6047
	6287
	4145
	6775
	7015
	4246

	Average paging session
arrival rate (per hour)
	1/24
	1/24
	1/24
	1/24
	1/24
	1/24
	1/24
	1/24
	1/24

	Power of receive(mw)
	70
	70
	70
	70
	70
	70
	70
	70
	70

	Energy consumption for reading paging message for 10years (mWh)
	382.7
	399.8
	287.8
	429.2
	446.2
	294.2
	480.8
	497.9
	301.4

	Power consumption
for each uplink MAR session(50bytes)
	0.42
	0.42
	0.42
	0.42
	0.42
	0.42
	0.42
	0.42
	0.42

	Number of the uplink MAR sessions
the energy corresponds to (report size: 50bytes)
	905
	946
	681
	1015
	1055
	696
	1137
	1178
	713

	Gains (The number of additional UL MAR sessions, report size: 50bytes)
	
	
	224
	
	
	319
	
	
	424

	Power consumption
for each uplink MAR session(200bytes)
	0.71
	0.71
	0.71
	0.71
	0.71
	0.71
	0.71
	0.71
	0.71

	Number of the uplink MAR sessions the energy corresponds to(report size: 200bytes)
	539
	563
	405
	604
	628
	414
	677
	701
	424

	Gains (The number of additional UL MAR sessions, report size: 200bytes)
	
	
	134
	
	
	190
	
	
	253



 
Table 5 Power consumption analysis (2hour paging session arrival rate, DRX = 1 hour)
	
	Baseline1
	Baseline2
	Solution1
	Baseline1
	Baseline2
	Solution1
	Baseline1
	Baseline2
	Solution1

	Paging record number in each paging message
	0.1
	1
	2

	False rate of paging reading
	50%
	50.00%
	10%
	50%
	50%
	10%
	50%
	50%
	10%

	Effective RX time for each paging session (ms)
	1348
	1408
	1205
	1512
	1572
	1295
	1694
	1754
	1396

	Average paging session arrival rate(per hour)
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50

	Power of receive(mw)
	70
	70
	70
	70
	70
	70
	70
	70
	70

	Energy consumption(mWh)
	1148
	1199
	1026
	1288
	1339
	1103
	1442
	1494
	1189

	power consumption for each uplink MAR session(50bytes)
	0.42
	0.42
	0.42
	0.42
	0.42
	0.42
	0.42
	0.42
	0.42

	Number of the uplink MAR sessions
the energy corresponds to (50bytes)
	2716
	2837
	2426
	3045
	3166
	2610
	3412
	3533
	2813

	Gains (The number of additional UL MAR sessions, report size: 50bytes)
	
	
	289
	
	
	436
	
	
	599

	power consumption for each uplink MAR session(report size: 200bytes)
	0.710
	0.71
	0.71
	0.71
	0.71
	0.71
	0.71
	0.71
	0.71

	Number. of the uplink MAR sessions the energy corresponds to report size: 200bytes
	1617
	1689
	1444
	1813
	1885
	1553
	2031
	2103
	1675

	Gains (The number of additional UL MAR sessions, report size: 200bytes)
	
	
	172
	
	
	259
	
	
	356



For paging traffic with 24 hours arrival interval and 3 hour DRX cycle, the energy saved by the message reading indicator can support the extreme coverage UE to finish additional 224~424 uplink MAR sessions with 50 bytes uplink report, or additional 134~253 uplink MAR sessions, with 200 bytes uplink report. For the uplink MAR traffic with one day arrival interval, this can extend the battery life of UE for at least half year.
For the paging traffic with 2 hour arrival interval and 1 hour DRX cycle, the energy saved by the message reading indicator can support an extreme coverage UE to finish an additional 300~600 uplink MAR sessions, with 50 byte reports, Considering the uplink MAR traffic with two hour arrival interval, this can extend the battery life of UE in extreme coverage by several months.
Observation 2: The message reading indicator can save the energy to support the UEs in extreme coverage to finish several hundreds more uplink MAR report sessions, which make sense for the infrequent uplink MAR traffic on NB-IOT device.
Conclusion
This paper analyzes the issue of false paging message reading. A lot of paging messages would be read on paging occasions even though the UE is not paged at all. This would significantly impact battery life of the UE, which is very important for the NB-IOT device. Based on the traffic model in TR 45.820, it shows that the false rate of paging reading is pretty high for a lot of cases, e.g. false rate of paging is larger than 87.5% for paging traffic with 24 hour arrival interval.
Furthermore, the power consumption due to the false reading of paging is also evaluated. Considering the physical layer design has not been determined yet, the NB-CIoT captured in TR 45.820 is used as reference for the power consumption analysis on false paging issue. The sourcing companies believe this will not impact the conclusion on the power consumption impact of the false paging reading. It shows the message reading indicator can save the energy to support the UEs in extreme coverage to finish hundreds to thousands more uplink MAR reports. This can extend the battery life of the NB-IOT UE at least by half a year considering the uplink MAR session is infrequent. 
Observation 1: The false rate of paging reading is as high as ~90% in a lot of cases and still larger than 50% in all other cases for NB-IOT traffic.
Observation 2: The message reading indicator can save the energy to support the UEs in extreme coverage to finish several hundreds more uplink MAR reports, which makes sense for the infrequent uplink MAR traffic on NB-IOT device.
Proposal: Consider the message reading indicator in NB-IOT to extend the battery lifetime of UEs. 
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Message reading Indicator


Type 2 UE: The UEs who are not scheduled in the corresponding duration, and by reading the message reading indicator the UE will skip the  further reading of the PDCCH messages and other processing


Type 3 UE: The UEs who are not scheduled in the corresponding duration, but by reading the message reading indicator the UE will still continue the  further reading of the PDCCH messages and other processing
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PDCCH messages & PDSCH messages


Type 1 UE: The UEs who are really scheduled in the corresponding duration


After checking the message reading indicator, the UE will skip the reading of the PDCCH and other messages



