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EC-GSM – Downlink Application layer Ack Latency Performance Evaluation
Introduction
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]. One of the main objectives of this study item is to increase the coverage compared to existing GPRS services. 
In this contribution, calculations are presented according to the agreed framework for latency evaluation [2] for the delivery of the downlink application layer ACK corresponding to an uplink generated Mobile Autonomous Reporting (MAR) periodic report.
Calculations
Latency calculation assumptions
Calculations have been performed according to the agreed framework for latency evaluation in [2], where:
· The latency is measured from the point in time when the first signalling/data relevant to the DL ACK of an UL generated MAR periodic report is sent from the base station, until the point when the device has successfully received the application layer DL ACK, see Figure 1. 
· The downlink payload being transmitted is (without IP header compression):
· 75 bytes (0 bytes application +  65 bytes Header above SNDCP + 4 bytes SNDCP + 6 bytes LLC)   
· The latency is calculated at three different coverage conditions: GPRS reference MCL+0dB, GPRS reference MCL+10 dB, and GPRS reference MCL+20dB. 
Assuming that data will be transferred using MCS-1 (22 bytes of payload) the total number of RLC data blocks required to transfer the application layer DL ACK is 4.
Latency is evaluated according to the following formula: 
Latency for DL ACK = T Transmission + T Receiving + T Wait
· T Transmission: The transmitting time for any signaling and data.
· T Receiving: The receiving time for any signaling and data. It should be highlighted that the valid scheduling information receiving such as USF belonging to the UE which is not included in an obvious signaling should be taken into account.
· T Wait: The time between any transmission and receiving, and also the time between two consecutive transmissions or receptions. The waiting time is relevant with the scheduling mechanism for a specific solution. 
Latency evaluations	
GPRS reference case
The sequence of signaling events for an EC-GSM device in normal GPRS reference coverage is shown in Figure 1, where, in order not to underestimate the total latency, it has been assumed that re-transmission of one RLC data block is needed.
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Figure 1, Illustration of signaling events for transmission of DL data including one re-transmission.
When in normal coverage, radio blocks sent on EC-PACCH and EC-PDTCH are mapped on a single TS and transmitted over a single BTTI (i.e. with a time duration of 20 ms). It is assumed that the reaction times in the BSS and MS during packet transfer, tBSS and tMS, are equal to one BTTI.
Using the above assumptions the total latency for transmitting the application layer DL ACK can be calculated according to Table 1. 
[bookmark: _Ref413092803]Table 1 Latency calculation for GPRS reference case
	
	
	Number of occurrences
	Time per occurrence (ms)
	Total time (ms)

	1
	EC Packet Downlink Assignment
	1
	20
	20

	2
	tBSS
	2
	20
	40

	3
	Transmission of  data blocks
	4
	20
	80

	4
	tMS
	1
	20
	20

	5
	EC Packet Downlink ACK/NACK
	1
	20
	20

	6
	Re-transmission of 1 data block
	1
	20
	20

	
	Total time
	
	
	200 ms



GPRS reference case + 10 dB
The sequence of signaling events at +10 dB extended coverage assuming a total of up to 4 HARQ transmissions (1 initial transmission + up to 3 retransmissions) for successful transfer of a DL application layer ACK, is illustrated in Figure 2. Simulations in [3] have shown that in +10 dB extended coverage, 99% of the DL application layer ACKs (related to an UL MAR periodic report), are transferred to the device within less than 0.7 seconds (t4HARQ in Figure 2). The resource utilization, expressed as number of radio blocks transmitted on average for each planned radio block, is estimated to 1.5.
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Figure 2, Illustration of the sequence of signaling events for transmission of DL data with a total of 4 HARQ transmissions. Note: the figure is purely an illustration where e.g. retransmission of failed EC-PACCH control signaling is not included.
The time it takes to complete the transmission of a radio block on a specific logical channel is defined in section 6.2.4.2 “Mapping of logical channels onto physical channels” in [2].
The waiting time in the BSS before sending the first DL data block, tBSS, is due to scheduling delay and is assumed to be equal to one BTTI of 20 ms. 
Using the above assumptions the total latency for transmitting the application layer DL ACK at +10 dB extended coverage can be calculated according to Table 3.

[bookmark: _Ref413092785]Table 3 Latency calculation for GPRS +10 dB extended coverage
	
	
	Number of occurrences
	Time (ms)
	Total time (ms)

	1
	EC Packet Downlink Assignment
	1
	20
	20

	2
	tBSS
	1
	20
	20

	3
	t4HARQ
	1
	700
	700

	
	Total time
	
	
	740 ms



GPRS reference MCL + 20 dB
The sequence of signaling events at +20 dB extended coverage assuming a total of up to 4 HARQ transmissions (1 initial transmission + up to 3 retransmissions) for successful transfer of a DL application layer ACK, is illustrated in Figure 3. Simulations in [3] have shown that in +20 dB extended coverage, 99% of the DL application layer ACKs (related to an UL MAR periodic report), are transferred to the device within less than 2.3 seconds (t4HARQ in Figure 3). The resource utilization, expressed as number of radio blocks transmitted on average for each planned radio block, is estimated to 1.4.
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Figure 3, Illustration of the sequence of signaling events for transmission of DL data with a total of 4 HARQ transmissions. Note: the figure is purely an illustration where e.g. retransmission of failed EC-PACCH control signaling is not included.
The time it takes to complete the transmission of a radio block on each logical channel is defined in section 6.2.4.2 “Mapping of logical channels onto physical channels” in [2].
The waiting time in the BSS before sending the first DL data block, tBSS, is due to scheduling delay and is assumed to be equal to one data transmission TTI or 80 ms. 
Using the above assumptions the total latency for transmitting the application layer DL ACK at +20 dB extended coverage can be calculated according to Table 5.

[bookmark: _Ref413092757]Table 5 Latency calculation for GPRS +20 dB extended coverage
	
	
	Number of occurrences
	Time (ms)
	Total time (ms)

	1
	EC Packet Downlink Assignment
	1
	80
	80

	2
	tBSS
	1
	80
	80

	3
	t4HARQ
	1
	2300
	2300

	
	Total time
	
	
	2460 ms



Conclusions
Based on the results provided in this paper it can be seen that the latency for the DL Application layer ACK for an uplink generated MAR periodic report is for the EC-GSM concept evaluated to be less than 2.5 seconds in all coverage conditions.
The calculated latency at different coverage conditions is summarized in Table 6. 

[bookmark: _Ref413092732]Table 6 DL Application layer ACK latency versus coverage condition
	Coverage condition
	DL Application layer ACK latency (sec)

	GPRS reference MCL
	0.20

	GPRS reference MCL + 10 dB
	0.74

	GPRS reference MCL + 20 dB
	2.46
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