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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

The performance evaluation for EC-GSM for logical channels following the commonly agreed methodology has not yet been included in the TR.
1.3
Summary of change

The performance evaluation for EC-GSM for logical channels following the commonly agreed methodology is included in the TR (captured in Section 5.1 of TR 45.820).
It is agreed that the MCL methodology does not apply for logical channels relating to network synchronization and random access and hence EC-RACH, EC-SCH and FCCH is excluded from the performance evaluation.
1.4
References

[1]

GP-140421, “Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things”, source VODAFONE Group Plc. GERAN#62
pCR to 3GPP TR 45.820-v1.2.0 (draft 3)
	First modification (added subclause)


6.2.6.2
EC-RACH

6.2.6.2.1
Link level evaluations

6.2.6.2.1.1
False detection

A high false detection of the random access will waste resources in the network, and hence it is of interest to ensure that a low false detection rate, as low as GSM can be kept also for EC-GSM. 

The performance of the EC-RACH channel has thus been evaluated using thermal noise as input to the receiver, and the falsely detected RACH bursts are recorded. The simulation assumptions as described in GP-150155 [6.2-7]. has been followed with the addition of assumptions listed in table 6.2-17.

Table 6.2-17. Simulation assumptions for EC-RACH false detection and blind TSC detection

	Parameter
	Setting

	Logical channel
	RACH NB, see subclause 6.2.3.2.1,
RACH AB 8 bit or
RACH AB 11 bit.

	TSC
	1 NB TSCs and 3 AB TSCs for CC 1.
1 NB and 1 AB for other coverage classes.

	Number of unique bursts
	1e6

2e4 for investigation in 6.2.6.2.1.2

	Blind TSC Detection
	On

	Overlaid CDMA
	Not used


In GSM today there is a false detection requirement on the RACH defined in 3GPP TS 45.005 (see [5]) of 0.02%.

"For a BTS on a RACH or PRACH with a random RF input, the overall reception performance will be such that less than 0,02 % of frames are assessed to be error free."
This target false detection rate is aimed for also in the case of EC-GSM.

Furthermore, it can be noted that the false detection rate is effectively increased by the support of extended coverage classes since the BTS will have to attempt to decode more than one coverage class (sometimes up to six) in some of the received timeslots, see figure 6.2-5.

The false detection rate (FDR) per coverage class, as well as the total false detection rate, is shown in table 6.2-18. As can be seen, the minimum requirement on 0.02 % is met.

Table 6.2-18. False detection rate on EC-RACH.

	Coverage Class (Number "repetitions")
	FDR [%]

	Coverage Class 1 (1)
	0.001

	Coverage Class 2 (2)
	0.002

	Coverage Class 3 (4)
	0.001

	Coverage Class 4 (8)
	0.001

	Coverage Class 5 (16)
	0.001

	Coverage Class 6 (32)
	0.003

	Total
	0.009


6.2.6.2.1.2
Blind TSC detection

In current GSM systems a BTS need to detect between three different TSCs on the RACH, an 8-bit access, and two different 11-bit accesses. With EC-GSM, this increases to four TSCs on TS0 with the introduction of normal burst RACH, while on TS1 three different TSCs are at most used (8-bit access not supported), see subclause 6.2.4.6.6.

Simulations have been run to ensure the performance degradation due to the additional blind TSC detection is within acceptable limits.

The simulation assumptions in subclause 6.2.6.2.1.1 have been followed, and the results on blind TSC detection (BTD) are shown in table 6.2-19. As can be seen, the negative impact on performance is limited to 0.2 dB for coverage class 1, and 0.1 dB for other coverage classes.

Table 6.2-19. Blind TSC detection degradation.

	Coverage Class (Number "repetitions")
	BTD [dB]

	Coverage Class 1 (1)
	0.2

	Coverage Class 2 (2)
	0.1

	Coverage Class 3 (4)
	0.1

	Coverage Class 4 (8)
	0.1

	Coverage Class 5 (16)
	0.1

	Coverage Class 6 (32)
	0.1


6.2.6.2.1.3
BLER performance

To be included
6.2.6.2.1.4
Timing Advance estimation

Editor’s note: The timing advance estimation accuracy on EC-RACH in extended coverage is left TBD.
6.2.6.2.2
System level evaluations

To be included
	Second modification (added subclause)


6.2.6.x
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 6.2-11 has been followed.
Table 6.2-X. 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 6.2-5 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.
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.

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. 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-x and table 6.2-y.

Table 6.2-x. 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-y. 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


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 if the current output power level of the device is kept as today, i.e. at 33 dBm. In case a 23 dBm device output power is used, the UL coverage on the data traffic channel is limited to 154 dB.

	End of modifications
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