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At GERAN#62 a new feasibility study named Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things (WI code: FS_IoT_LC)  was approved, see [1].
The objectives of the study include providing an extended coverage of 20 dB compared to legacy GPRS, a 10 years battery lifetime, as well as delivering exception reports with a throughput of at least 160 bps, see [3]. 
The feasibility study in [1] resulted in that at GERAN#67 a new work item named Extended Coverage GSM (EC-GSM) for support of Cellular Internet of Things (WI code: CIoT_EC_GSM) was approved, see [2]. 
During the work of CIoT_EC_GSM some design principles and assumptions have changed and this contribution aims to give an updated analysis of the battery lifetime evaluation and the exception report latency calculation. The major changes are explained in sub-clause 2 and the evaluation of battery lifetime and latency are dealt with in sub-clause 3 and 4 respectively.
Note that the latency evaluation in sub-clause 4 is incomplete and will be updated.
New design principles and assumptions
Logical channel mappings and number of coverage classes supported
During the study phase it was assumed that 6 different coverage classes should be supported. This was later changed to be 4 different coverage classes, see [4], which also affected the logical channel mapping for some EC-Channels.
The use of EC-BCCH Extended is removed and made as default mapping for the EC-BCCH. This means that the EC-BCCH is mapped over eight burst per 51-multiframe instead of four and will affect the reading time when the EC-BCCH information is acquired, see [5].
 A new mapping of the EC-AGCH, see [6], affects both the number of available EC-AGCH blocks per 51-multiframe as well as the number burst needed per coverage class. This will impact the evaluation of both the battery lifetime and latency evaluation.
The number of burst needed for mobile stations in worst coverage extension on EC-RACH has changed from 32 to 48, see [7]. This will affect both the battery lifetime and the latency for devices using coverage class four.
Coherency assumption
During the study phase coherency was assumed between adjacent allocated timeslots in the same TDMA frame as well as between different TDMA frames. The coherency requirement is removed between TDMA frames, see [8], and now only applies to consecutively assigned timeslots within a TDMA frame. This will affect the battery evaluation since the energy used to keep the phase coherent is no longer needed between TDMA frames. 
Burst format on EC-RACH 
During the study phase two burst formats on the EC-RACH were assumed for EC-GSM-IoT, the Access burst format and the Normal burst format. From a battery lifetime and latency perspective the use of Normal burst on the EC-RACH would imply less payload to be transmitted since the inclusion of the TLLI during contention resolution is no longer needed. The use of the Normal burst format on EC-RACH has not yet been part of the normative work for EC-GSM-IoT but the option to use rTLLI during the contention resolution has been included and and is used for the evaluation in this paper. The use of rTLLI affects the battery lifetime and latency analysis. .
[bookmark: _Ref441453403]Battery lifetime evaluation
Battery lifetime with Device output power of 33 dBm
When the device output power is 33 dBm, and the operating current approximately 1,23A the resulting battery lifetime in years are presented in Table 1. The estimated lifetime in years are presented for two different packet sizes, two reporting intervals and at different coverage. It can be seen that EC-GSM-IoT reach the battery target of 10 years for most evaluation points, i.e. except for GPRS reference cases + 20 dB with more frequent reporting  and GPRS reference cases + 10 dB with more frequent reporting and a packet size of 200 byte.  For these three cases EC-GSM-IoT reach a battery lifetime between 1.2 and 8.5 years.

[bookmark: _Ref450664073][bookmark: _Ref450664057]Table 1 Results in years, 33 dBm
	Packet size, reporting interval 
	Loss = GPRS reference MCL +0 dB
	Loss = GPRS reference MCL+ 10 dB
	Loss = maximum supported value

	50 bytes, 2 hrs
	21,4
	13,7
	2,8

	200bytes, 2 hrs
	15,5
	8,5
	1,2

	50 bytes, 1 day
	35,8
	33,2
	18,8

	200 bytes, 1 day
	34
	29,5
	11,00



[bookmark: _Toc427956771]Battery lifetime with Device output power of 23 dBm
An EC-GSM-IoT device with output power of 23 dBm can make use of higher coverage classes in the uplink to reach the wanted coverage extension. There is no restriction that the same coverage class needs to be assumed for DL and UL since EC-GSM-IoT supports separate coverage classes to be used in each direction. For example, comparing using 33 dBm output power of the device and 23 dBm output power, the same DL coverage class can be used for a certain level of coverage extension while the UL coverage class needs to be increased when using 23 dBm compared to 33 dBm. The battery lifetime in years are presented in Table 2.

[bookmark: _Ref450664499]Table 2 Results in years, 23 dBm
	Packet size, reporting interval
	Loss = GPRS reference MCL +0 dB
	Loss = GPRS reference MCL+ 10 dB

	50 bytes, 2 hrs
	26,1
	12,5

	200bytes, 2 hrs
	22,7
	7,4

	50 bytes, 1 day
	36,6
	32,5

	200 bytes, 1 day
	36,0
	28,3



The estimated lifetime in years are presented for the same packet sizes and reporting intervals as for the 33 dBm case and for the +0dB GPRS reference cases and +10dB case. It can be seen that EC-GSM-IoT devices reach the battery target of 10 years for almost all evaluation points except for the GPRS reference cases + 10 dB with more frequent reporting and a packet size of 200 byte.  For this case EC-GSM-IoT reach a battery lifetime of 7.4 years. Even though a 23dBm device operating at GPRS reference MCL+0dB uses the same number of repetitions as a 33dBm device operating at GPRS reference MCL+10dB on the UL it experiences a longer battery lifetime due to substantially better DL coverage, effectively reducing reception time. This effect is not as evident for a 23dBm device operating at GPRS reference MCL+10dB since a larger portion of the overall battery consumption will be taken by the transmission, applicable for both power levels.
Latency analysis
[bookmark: _Toc427956787]Exception Report Latency 
The exception report latency evaluation has been performed according to the agreed frame work in [3] wherein the latency is measured starting from when a device first decides to send a report (UL application layer payload) and includes the time to synchronize to the network, the time to perform an access attempt and the time for a BSS to successfully detect reception of the UL application layer payload i.e. the measured period of latency ends at the point where the BSS determines that all UL RLC data blocks have been received. In addition, the transmitted payload consists of 95 Bytes (without header compression). Furthermore, fixed uplink allocation of radio blocks is used on UL EC-PDTCH resources in the interest of avoiding USF based uplink transmissions for devices operating in extended coverage, and to reduce RX monitoring time for the sake of battery savings has been assumed.  
The sequence of signaling events in extended coverage assuming 4 HARQ transmissions (1 initial transmission + up to 3 retransmissions) for successful transfer of an exception report is illustrated in Figure 1. 
For the GPRS reference case retransmission of 1 RLC data block has been assumed.
[image: HARQ illustration for latency report_black]
[bookmark: _Ref450666003]Figure 1, Illustration of the sequence of signaling events for transmission of data with a total of 4 HARQ transmissions.
The latency evaluation is done for two different device output powers, 33 dBm and 23 dBm. An EC-GSM-IoT device with output power of 23 dBm can make use of a higher coverage class to reach the wanted coverage extension. 
The network synchronization times are taken from simulations, see [3]. In addition, for each coverage class the reaction times in the BSS and MS during packet transfer, tMS and tBSS, are assumed to be equal to one BTTI for that particular coverage class. Similarly the time for transferring a given message is calculated based on the channel mapping, see [6].  
Furthermore, simulations have shown that for a device with output power of 33 dBm in + 10 dB and + 20 dB extended coverage cases, 99% of the exception reports are transferred to the BSS within less than 0.7 and 2.9 seconds, respectively, using the methodology described in [3], using approach 1. When all additional timing constraints are considered (i.e. in addition to the time required for data block transmission known as tPUAN) the total latency for exception reports is 1.2 and 5.5 sec for the + 10 dB and + 20 dB extended coverage cases, respectively. 
For a device with output power of 23 dBm, latency is evaluated for GPRS reference case + 0 dB and + 10 dB and simulations have shown that 99% of the exception reports are transferred to the BSS within less than 0.6 and 2.3 seconds, respectively. The total latency for exception reports is 0.9 and 3.0 sec for the + 0 dB and + 10 dB extended coverage cases.
The calculated latency for delivering an exception report of 95 bytes at different coverage conditions and device output powers are summarized in Table 5 and Table 6. 

[bookmark: _Ref450666461]Table 5 Exception report latency versus coverage condition with device output power of 33 dBm 
	Coverage condition
	Exception report latency (sec)

	GPRS reference MCL
	TBD

	GPRS reference MCL + 10 dB
	TBD

	GPRS reference MCL + 20 dB
	TBD



[bookmark: _Ref450666474]Table 6 Exception report latency versus coverage condition with device output power of 23 dBm 
	Coverage condition
	Exception report latency (sec)

	GPRS reference MCL
	TBD

	GPRS reference MCL + 10 dB
	TBD



Summary
This paper evaluates the battery lifetime and latency performance with respect to the normative work completed for EC-GSM-IoT. It aims to give an evaluation with the design changes different from those in [3]. 
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