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1
Introduction

1.1
Background Information

A study on Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things was approved at GERAN#62, see [1].
The study allows both for an evolution of GSM, to comply with the objectives of the study, and non-backwards compatible solutions by a new system design.

1.2
Reason for change

Deployment scenarios triggered by operators have been included in Annex A in the TR. One of such scenarios is the mobility scenario where link level performance up to 30 km/h is aimed at. Only results for the stationary use case has so far been included in the TR for EC-GSM.
1.3
Summary of change

Simulation results following the same simulation assumptions and methodology as already included results are provided with the difference that the performance is evaluated at 30 km/h instead of with 1 Hz Doppler (1.2 km/h).
For network synchronization, the performance at 30 km/h is handled by [1].
1.4
References

[1] GPC150438, “pCR 45.820 – EC-GSM, Network synchronization with alternative EC-SCH design”
pCR to 3GPP TR 45.820-v1.3.1
	First modification


6.2.6.9
Coverage improvement target according to MCL methodology

The Maximum Coupling Loss (MCL) is derived using the methodology described in subclause 5.1, using the assumptions in table 5.1-2. The occupied bandwidth is assumed to be 13e6/48(270.8 kHz, reflecting the symbol rate in GSM, and hence the required SINR is defined in Es/N0.

The EC-GSM channels that the methodology applies to are: EC-PACCH, EC-PDTCH, EC-AGCH, EC-PCH.

For network synchronization and random access evaluation at the MCL, see subclause 6.2.6.1 and 6.2.6.2.

For all simulations, the assumptions in Annex C have been followed. 

The possible residual timing offset, for example shown in 6.2.6.1.4.2a after EC-SCH acquisition, is taken into account by a synchronization window in the receiver, well covering the expected residual timing offset. 

For the candidate specific frequency model (see table C.1) the model in table 6.2.6.9-1 has been followed.

Table 6.2.6.9-1. Frequency error parameters, see table C.1.

	Parameter
	Setting
	Comment

	F_est_error
	N(0,10) Hz
	Following the assumption on minimum frequency error. From simulations EC-GSM has shown to provide better accuracy than this, which implies that the minimum assumption for the study can be used.

	F_drift_inactive
	0.01 ppm/s
	See table C.1.

	T_inactive
	U(0.0012, 0.1442) s
	After reading the SCH the first available RACH transmission occurs after 2 TS. If 32 RACH repetitions are needed then it may in worst case take 31 TDMA frames + 2 TS before a RACH opportunity emerges. See figure 6.2.4.2-5 for details of organization of RACH channel.

	F_drift_active
	0.025 ppm/s
	See table C.1.

	t
	U(0, 0.7385) s
	Assuming that a UL transfer contains between 1 and 220 bytes, implies that CS-1 requires 1-10 radio blocks. At full allocation 10 radio blocks can be transmitted over 160 TDMA frames using 16 repetitions.


Frequency hopping has not been assumed, in order to reflect the worst case performance scenario.

The output power level for the BS is assumed to be 43 dBm and the output power of the device 33 dBm or 23 dBm.

The used repetitions factors for each logical channel, and the mapping of logical channels onto physical channels follows the description in subclause 6.2.4.2 for the highest coverage class (CC6).

For control channels (EC-CCCH/DL, EC-PACCH, EC-BCCH) a target BLER of 10% is used.
The assumption on 1 Hz Doppler with Typical Urban channel propagation has been used as a baseline, modeling stationary devices, unless otherwise stated.
For traffic data channels (EC-PDTCH) the model, as described in subclause 5.2 has been used, resulting in a throughput for 90% of the reports of 354 bps and 382 bps for the exception report on the UL and the application ACK on the DL respectively. 
The traffic data channel performance at 30 km/h result in a throughput for 90% of the exception reports on the UL of 389 bps where some gain is observed due to the time diversity introduced by the higher Doppler spread.
An SNR of -14.3 dB and -6.3 dB on the UL and DL respectively has been used as input to the model to derive the respective throughput.
On the UL, for EC-PDTCH and EC-PACCH, no power reduction due to multislot transmission is assumed. 

The results are presented in table 6.2.6.9-2 and table 6.2.6.9-3.
Table 6.2.6.9-2. EC-GSM, coverage summary DL

	Logical channel name
	EC-

PDTCH/D
	EC-

PACCH/D
	EC-

CCCH/D
	EC-

BCCH

	Data rate(kbps)
	382
	-
	-
	-

	Transmitter
	
	
	
	

	(1) Tx power (dBm)
	43
	43
	43
	43

	Receiver
	
	
	
	

	(2) Thermal noise density (dBm/Hz)
	-174
	-174
	-174
	-174

	(3) Receiver noise figure (dB)
	5
	5
	5
	5

	(4) Interference margin (dB)
	0
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	271000
	271000
	271000
	271000

	(6) Effective noise power
= (2) + (3) + (4) + 10 log ((5))  (dBm)
	-114.7
	-114.7
	-114.7
	-114.7

	(7) Required SINR (dB)
	-6.3
	-6.4
	-8.8
	-6.5

	(8) Receiver sensitivity = (6) + (7) (dBm)
	-121
	-121.1
	-123.5
	-121.2

	(9) Rx processing gain
	0
	0
	0
	0

	(10) MCL  = (1) ((8) + (9) (dB)
	164
	164.1
	166.5
	164.2


Table 6.2.6.9-3. EC-GSM, coverage summary UL

	Logical channel name
	EC-

PDTCH/U
	EC-

PDTCH/U
	EC-

PACCH/U
	EC-

PACCH/U

	Data rate(kbps)
	354
	447
	-
	-

	Transmitter
	
	
	
	

	(1) Tx power (dBm)
	33
	23
	33
	23

	Receiver
	
	
	
	

	(2) Thermal noise density (dBm/Hz)
	-174
	-174
	-174
	-174

	(3) Receiver noise figure (dB)
	3
	3
	3
	3

	(4) Interference margin (dB)
	0
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	271000
	271000
	271000
	271000

	(6) Effective noise power
= (2) + (3) + (4) + 10 log ((5))  (dBm)
	-116.7
	-116.7
	-116.7
	-116.7

	(7) Required SINR (dB)
	-14.3
	-14.3
	-14.3
	-14.3

	(8) Receiver sensitivity = (6) + (7) (dBm)
	-131.0
	-131.0
	-131.0
	-131.0

	(9) Rx processing gain
	0
	0
	0
	0

	(10) MCL  = (1) ((8) + (9) (dB)
	164.0
	154.0
	164,0
	154,0


Table 6.2.6.9-4. EC-GSM, coverage summary DL, 30 km/h
	Logical channel name
	EC-

PACCH/D
	EC-

CCCH/D
	EC-

BCCH

	Data rate(kbps)
	-
	-
	-

	Transmitter
	
	
	

	(1) Tx power (dBm)
	43
	43
	43

	Receiver
	
	
	

	(2) Thermal noise density (dBm/Hz)
	-174
	-174
	-174

	(3) Receiver noise figure (dB)
	5
	5
	5

	(4) Interference margin (dB)
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	271000
	271000
	271000

	(6) Effective noise power
= (2) + (3) + (4) + 10 log ((5))  (dBm)
	-114.7
	-114.7
	-114.7

	(7) Required SINR (dB)
	-9.0
	-8.9
	-7.5

	(8) Receiver sensitivity = (6) + (7) (dBm)
	-123.7
	-123.6
	-122.2

	(9) Rx processing gain
	0
	0
	0

	(10) MCL  = (1) ((8) + (9) (dB)
	166.7
	166.6
	165.2


Table 6.2.6.9-5. EC-GSM, coverage summary UL, 30 km/h
	Logical channel name
	EC-

PDTCH/U
	EC-

PDTCH/U
	EC-

PACCH/U
	EC-

PACCH/U

	Data rate(kbps)
	389
	508
	-
	-

	Transmitter
	
	
	
	

	(1) Tx power (dBm)
	33
	23
	33
	23

	Receiver
	
	
	
	

	(2) Thermal noise density (dBm/Hz)
	-174
	-174
	-174
	-174

	(3) Receiver noise figure (dB)
	3
	3
	3
	3

	(4) Interference margin (dB)
	0
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	271000
	271000
	271000
	271000

	(6) Effective noise power
= (2) + (3) + (4) + 10 log ((5))  (dBm)
	-116.7
	-116.7
	-116.7
	-116.7

	(7) Required SINR (dB)
	-14.3
	-14.3
	-14.3
	-14.3

	(8) Receiver sensitivity = (6) + (7) (dBm)
	-131.0
	-131.0
	-131.0
	-131.0

	(9) Rx processing gain
	0
	0
	0
	0

	(10) MCL  = (1) ((8) + (9) (dB)
	164.0
	154.0
	164,0
	154,0


Editor’s note: Coherent reception and transmission has been assumed in the simulations. Further investigation on this assumption is left TBD. 

As can be seen, the maximum coupling loss (MCL) aimed at by the study, 164 dB, is achieved by all logical channels at 1 Hz Doppler if the current output power level of the device is kept as today, i.e. at 33 dBm. The same applies for the case of 30 km/h (25 Hz Doppler). In case a 23 dBm device output power is used, the UL coverage on the data traffic channel is limited to 154 dB.
	For Information


Annex A: Deployment scenarios for Cellular IoT
	Scenario
	Description

	Deep coverage (in building)
	Cellular IoT devices are typically expected to be deployed indoor, with some devices in basements or underground or embedded in objects, where they may be subjected to deep penetration losses (up to 20 dB more than legacy GPRS). 



	 Extended geographic coverage
	When the Maximum Coupling Loss is not exceeded, it is required that Cellular IoT can support a cell radius of 35 km.

Operation at values of cell radius >35 km according to the Maximum Coupling Loss is desirable but a secondary objective.

	Mobility
	The majority of cellular IoT devices will be stationary. Cellular IoT is expected to be designed and optimized for stationary devices.
The performance requirements and methodology for performance evaluation for stationary and non-stationary scenarios are summarized in the following table. 

20 dB extra-coverage

160 bps data rate

10-year battery life

system capacity evaluation

Stationary CIoT devices

Yes

Yes

Yes

Yes

Non-stationary (up to 30 km/h) CIoT devices)

No1
Yes2
No3
No

Non-stationary (higher than 30 km/h) CIoT devices)

No1
No4
No

No

1GPRS coverage requirements apply

2Performance evaluated with link level simulations

3Battery life analysis is required

4Link level simulations may be provided by proponents to indicate actual performance at high speeds.

	Re-use of existing infrastructure
	It is expected that the Cellular IoT technology is at least deployable on existing radio access sites based on:

· 3GPP GSM/EDGE multicarrier Base Stations

· Multi Standard Radio Base Station, which may or may not support GSM/EDGE operation specifications.

The re-use of existing equipment, such as antennas, feeder cables etc.-is required and the Cellular IoT technology can preferably be introduced as a software load on  the above mentioned existing radio access nodes.
It is expected that the Cellular IoT technology is deployable on an existing core network (e.g. re-using CN nodes and interfaces according to the selected CIoT architecture).

	Use of small amounts of licensed spectrum
	It is expected that an initial release of a 'clean slate' Cellular IoT technology is deployable in small amounts of licensed spectrum which may be available by (re)using GSM carriers, small unused parts of licensed spectrum for UMTS and small parts of licensed spectrum for LTE.

Editor's Note: RAN 4 need to be consulted on the deployment options in UMTS/ LTE spectrum.

	Spectrum sharing with GSM
	Deployment of Cellular IoT based on a GERAN evolution approach is expected to share spectrum with an existing GSM network. It is expected that Cellular IoT based on a 'clean slate' solution will not have to share any 200 kHz channel with GSM.
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