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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].
An objective of the study is to provide an extended coverage of 20 dB compared to legacy GPRS. One open question that has been discussed in previous GERAN meetings (see [4], [5]) is how to measure the coverage extension of the data traffic channels in Cellular IoT compared to legacy GPRS, given that the two systems provide different services and therefore are not directly comparable without some further definition of what is meant by coverage.
This contribution in an update of GP-150131 [4], and a re-submission of a contribution allocated to the 10th telco for FS_IoT_LC. Major changes are highlighted in blue. In summary, it is proposed to define MCL using a target throughput of 160 bps. A simple method to determine the MCL according to the proposed definition is outlined.
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The objective of coverage extension is formulated in the work item description (see [1]) as follows:
“Provide a data rate of at least 160 bps (on both the uplink and downlink) at the (equivalent of) the SAP to the SNDCP layer with the aim of achieving an extended coverage of 20 dB compared to legacy GPRS (Non EGPRS).”
In [2] the coverage of legacy GPRS is analyzed and the objective of 20 dB coverage improvement is translated to a MCL target of 164 dB for Cellular IoT.
Performance requirement at MCL for traffic channels
Various means to extend coverage on traffic channels are used in the different candidate proposals, such as spreading, repetition, robust channel coding, robust modulations, acknowledged retransmission protocols (possibly including incremental redundancy or chase combining), etc.
In order to leave as much freedom as possible in the traffic channel design, it is proposed to define the coverage of the traffic channels of a candidate proposal by a throughput target, i.e. the target of 160 bps above the (equivalent of) the SNDCP layer from the objectives specified in the WID (see section 2).
In [5] it is argued that the coverage improvement of traffic channels should be measured at a fixed BLER of 10% (for the most robust transmission mode/MCS). It is the sourcing companies’ view that this approach should be avoided since a fixed BLER target is a design criterion that may lead to suboptimal designs from a resource utilization point of view.
For instance, incremental redundancy is an efficient means to improve performance for services with loose delay requirements. It is well known that to get substantial gains with incremental redundancy, the link should be operated at a higher initial BLER than 10%. This is easily realized by considering that at an initial BLER of 10% the residual BLER after one retransmission is 1% without IR, and thus the throughput gain of IR cannot be larger than 1% in this case. So effectively, a fixed BLER target of 10% will disqualify IR as a throughput enhancement.
Therefore, for EC-GSM, a MCL definition based on an initial BLER of 10% would lead to that transmission modes using more blind transmissions (e.g 32 or 64) than currently proposed (up to 16) would be needed just to fulfill the MCL target. While this solution is possible (it would fulfill the throughput target of 160 bps and give an initial BLER of less than 10 % at 164 dB MCL), it would be a suboptimal design since it would be less resource efficient than a design relying less on blind transmissions and more on HARQ retransmissions. 
Another example can be found in table 3 of [6], showing an analysis of exception report latency for NB-M2M. The NB-M2M MCS/CBS used (MCS-3, CBS 22) fulfills 10 % initial BLER and a throughput of >160 bps at the target MCL. However, it can be seen in the table that the latency budget of 10 seconds would exceeded in case one retransmission of the data burst is needed. Since this can happen with 10 % probability, 10 % of the exception reports will be delivered late. This is an example of when an initial BLER of significantly less than 10 % should be targeted.
Response to arguments in [5]
In contrast to what is claimed in [5], the RLC/MAC layer of EGPRS does not need redesign to be operable at a BLER higher than 10%. In fact, it is designed to work in a wide range of BLER above and below 10%, to accommodate for different tradeoffs between throughput and latency. At very high BLER levels, the risk of stalling the RLC retransmission protocol increases. However, for EC-GSM in particular, there is little risk of protocol stalling since the RLC transmit window is designed to cover the maximum expected message size.
In [5] the fact that reference performance requirements for GPRS/EGPRS in [3] are specified at 10 % BLER is used to motivate the use of the same BLER target to measure the coverage extension in the CIoT study. However, the purpose of the requirements in [3] is conformance testing and should not be interpreted as guidelines for RLC/MAC operation in general. Besides this, it can be noted that some performance requirements in [3] for EGPRS MCS-7 to MCS-9 are specified at 30 % BLER and that incremental  redundancy performance requirements in [3] are specified at a point where the average BLER is around 66 % (and the initial BLER significantly higher).
Having said that, it should be emphasized that operating legacy GPRS or EGPRS at an extremely high BLER of e.g. 97 % is obviously not a feasible solution for CIoT. Concern is expressed in [5] that this approach could be used to claim that the objectives of the CIoT study are met without changes to the GPRS physical layer but this would lead to a very poor system capacity and most likely also other problems in the operation of the RLC protocol. The intention of proposing to define the coverage of traffic channels as a throughput target is not to enable or hide bad design choices but rather the opposite: To allow a design that focuses on optimization of the important metrics such as throughput, resource utilization and latency, rather than optimizing for an initial BLER of 10 %.
Proposed approach for modelling retransmissions/HARQ for MCL calculations
In [5] a set of requirements are given for the case that incremental redundancy is used for coverage enhancement. It is the view of the sourcing companies that these requirements make sense, apart from the requirement that an initial BLER of 10 % shall be required. Below, a practical approach is proposed:
1. 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 should include all relevant sources of error, e.g., RLC/MAC header errors.
· The performance of the feedback channel (ACK/NACK report) is also derived by link simulations. In this case, one BLER value is sufficient to model the performance. This is denoted BLERFB.
2. Modelling of HARQ process:
· The process of transferring a data packet is modelled as illustrated in Figure 1.
· Block errors are modelled by random events with probabilities taken from the link simulations
· For simplicity, block errors can be assumed to be independent
· 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. It is proposed to use a fixed packet size (according to the exception report traffic model) in these simulations.
3. Throughput calculation:
· The throughput is calculated by dividing the packet size with the delay. It is proposed to use the 99th percentile of the delay to derive the throughput. 
The above is repeated for different coupling losses to find the MCL at which a throughput of 160 bps is fulfilled. 
Calculate the number of RLC PDUs to transmit
Set transmission counter to N=1
Transmit blocks: Determine for each transmitted block whether it was erroneous or not based on BLERN
Have all blocks been successfully decoded?
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Increase transmission counter
Yes
No
No

[bookmark: _Ref415187099]Figure 1: Modelling of HARQ process including feedback

Conclusions
In this contribution the performance requirements used to define the coverage extension of CIoT for data traffic channel is discussed. 
It is proposed to define coverage at a throughput target of 160 bps and not at a fixed BLER target. The purpose is to allow a design of the traffic channels that focuses on optimization of the important metrics such as throughput, resource utilization and latency, rather than optimizing for an initial BLER of 10 %.
Hence, the earlier proposed, and discussed, WA to determine the MCL for traffic channels is proposed to be agreed:
	WA: The MCL for the data traffic channels is not defined by a common BLER target but shall be evaluated to fulfill the target data throughput of 160 bps at the (equivalent of) the Service Access Point (SAP) to the equivalent Sub Network Dependent Convergence Protocol (SNDCP) layer.
The simulations used shall describe and model:
· Transmission times and/or system delays from the radio access network
· Realistic performance of data and control channels



A simple method to determine the MCL as defined by the proposed WA, was also proposed in this contribution.
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