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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-v0.4.0
	First modification (added subclause)


6.2.6.x
Coverage improvement target according to MCL methodology

The Maximum Coupling Loss (MCL) for is derived using the methodology described in subclause 5.1, using the assumptions in table 5.1-2. The occupied bandwidth in the methodology in table 5.1-1 (item 5) is assumed to be 13e6/48(270.8 kHz, reflecting the symbol rate in GSM, and hence the required SINR in table 5.1-1 (item 7) 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. 

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 HARQ model, as described in 6.2.6.y has been used, resulting in a throughput for 90% of the reports of 396.7 bps and 356.2 bps for the UL and DL respectively, which is well over the required 160 bps.
The results are presented in Figure 6.2-x.
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Figure 6.2-x. MCL for each logical channel
As can be seen, the maximum coupling loss (MCL) aimed at by the study, 164 dB, is achieved by all logical channels.
6.2.6.y
HARQ model

To evaluate the EC-PDTCH in extended coverage, the below methodology for HARQ transmissions has been used.
-
Link simulations
-
The performance of a data traffic channel utilizing incremental redundancy or chase combining of blocks retransmitted by the RLC layer is derived by link simulations. This will give the BLER after each given number of transmissions, denoted BLER1, BLER2, BLER3, etc. The link simulations include all relevant sources of error, e.g., RLC/MAC header errors.

-
For the performance of the feedback channel (Ack/Nack report) only one BLER value is sufficient to model the performance (i.e. no retransmission scheme used for the Ack/Nack). This is denoted BLERFB.

-
Modelling of HARQ process
-
Errors are modelled by random events with probabilities taken from the link simulations

-
Block errors are assumed to be independent, which is also in accordance with the time coherency of the radio channel assumed.

-
Delays of transmitting the data blocks and Ack/Nack reports, as well as delays due to processing in the MS and BSS, and wait times due to the granularity of the radio interface, are added for each step in the process

-
A processing delay+wait time of 1 TTI can be assumed in the MS and BSS

-
The process is repeated many times to get a distribution of the packet transfer delay. A fixed packet size (according to the exception report traffic model) is used.

-
Modelling of Ack/Nack in the HARQ process

-
In case the Ack/Nack is erroneous, a waiting time for the following HARQ transmission is assumed to be the same as the time it would have taken the allocation to be transmitted. Hence, the transmission time of the Ack/Nack, the processing/waiting time for the Ack/Nack, and the transmission time of the allocation is added to the total delay before a second Ack/Nack is assumed to be transmitted.

-
Throughput calculation:

-
The throughput is calculated by dividing the packet size with the delay. 

The procedure and the assumed delays are shown in Figure 6.2-y.
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Figure 6.2-y. Modelling of HARQ process including feedback
The 90th and 99th percentile of the delay to derive the throughput is presented for the UL at an SINR of -14.3 dB, corresponding to an MCL of 164 dB is shown in Figure 6.2-z. 

The throughput is calculated assuming no IP header compression.
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Figure 6.2-z. Delay CDF (left) and Throughput CDF (right), UL, MCL=164 dB.
The percentile figures for the UL shown in figure 6.2-z, as well as the corresponding DL figures at MCL=164 dB is shown in 
Table 6.2-x. Throughput at MCL=164 dB.
	Direction
	90th percentile
	99th percentile

	UL
	396.7 bps
	279.8 bps

	DL
	356.2 bps
	225.5 bps


	End of modifications


3GPP


[image: image5.png]CDF

Throughput CDF

09

o7

[

04

03

0z

01

SNR:-14.3dB, 1

200

400 600 800 1000 1200
‘Throughput on top of SNDCP [bps]

1400 1600 1800



[image: image6.png]CDF

09

o7

[

04

03

0z

01

Transmissions time CDF

NR: -14.3 dB, 90th: 1.7, 9¢

05

15 2 25 3
Transmission time [s]

35



[image: image7.png]EC-PACCH/UL

EC-PACCH/DL =

EC-BCCH

EC-PDTCH/UL

EC-CCCH/DL

EC-PDTCH/DL



