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There have been lengthy discussions on how the coverage performance evaluation for data traffic channels is to be conducted in the cellular IoT study.
This document provides a written response to a paper submitted on this topic, see [1], in the hope for it to assist in the discussions.
 Responses to observations in [1]
Observation 1
In [1] it is stated that:
‘The Cellular IoT study aims at a coverage enhancement of 20 dB compared to “legacy GPRS (Non EGPRS)”. In Cellular IoT telco#5, it was agreed that “MCL for Legacy GPRS is 144.0 dB” [7], based on the assumption of 10% BLER for data channels (see table 6.2-5, “Reference performance for Packet channels”, 3GPP TS 45.005 [3]). If some candidate techniques derive the sensitivity performance (which determines the enhanced coverage level) based on different BLER targets (i.e. not aligned with the reference GPRS case), then the coverage performance comparison will not be an apples-to-apples comparison, and it will not be clear whether the 20 dB coverage enhancement target is really achievable by a candidate solution.’
Response: 
This observation could be seen as misleading since the agreement in the study (see [9]) is that:
“The coverage performance evaluation for a candidate solution should include all uplink and downlink logical channels relevant to that candidate solution.”
“The coverage performance of the candidate solution is that of the logical channel with the limiting MCL”
For GPRS both the control channel (PACCH) and the data channel (PDTCH) in the UL make use of CS-1 coding. Hence, at an MCL of 144 dB is where 10% uplink control channel BLER is achieved, and therefore will limit the performance of the entire Legacy GPRS system. 
As long as the most limiting channel fulfills the requirement 20 dB coverage extensions, the comparison should be considered to be fair.  
In order to respond to the observation of how to have an apples-to-apples comparison of the coverage performance, the sourcing company would also like to point out the following facts. If we are really aiming at an apples-to-apples comparison, we should not only consider one factor, i.e. the initial BLER of the reference system, but also the transmission time and etc. of the reference system.  
For example, how is a coding scheme in GPRS delivering 8.8 kbps during 20 ms an apples-to-apples comparison with an NB M2M MCSs delivering 458 bps transmitted over 3840 ms? What is important for the technology is to deliver the agreed minimum throughput rate. How that is achieved is not something that can be compared exactly on equal terms.
Certainly, in the EC-GSM design, longer transmission time can be utilized to reduce the BLER for the initial transmission, but this leads to a suboptimal design of the system. Therefore, forcing such sub-optimal design in the comparison, when this is not how the system will operate is not fair.
Observation 2
In [1] it is stated that:
“Even in the case of HARQ for legacy EGPRS, the reference sensitivity level for packet data channels is specified at 10% BLER for initial transmission (see subclause 6.2.2, 3GPP TS 45.005 [3]). It would be difficult to understand why this is not followed when comparing the coverage performance of a candidate technique with legacy GPRS.”
Response: 
Minimum performance requirements in a technical specification do not rule how the system is intended to operate. It is an operating point for requirements on the system to show compliance. It can be noted that in 3GPP TS 45.005, [3], not only 10 % BLER target is specified but also 30 % BLER levels are targeted.
Looking into the referenced sub-clause in the observation above (3GPP TS 45.005, [3], sub-clause 6.2.2), it is clearly stated that:
“The BLER refers to the initial transmission of RLC blocks, i.e. the channel decoding without incremental redundancy.”
Furthermore, in relation to HARQ related requirements, these are addressed in 6.7 in [3], in the sub-clause on “Incremental Redundancy Performance for EGPRS and EGPRS2 MS”. Below the table a NOTE is added that: 
“NOTE: The requirement for EGPRS corresponds to an equivalent block error rate of approximately 0.66 using the prescribed MCS-9”. 
Hence, it is quite clear that HARQ based operation is aiming at a higher initial BLER than 10 %, as well as the fact that the 10% BLER target for reference sensitivity is not applicable to HARQ.
Hence the statement in the observation above:
“Even in the case of HARQ for legacy EGPRS, the reference sensitivity level for packet data channels is specified at 10% BLER”
is incorrect.
Observation 3
In [1] it is stated that:
“There is retransmission mechanism already in the reference GPRS design, and so performance gains will be provided by these retransmissions, e.g. with 10% BLER for the first transmission, we can expect the residual BLER to be decreased to 1% after one retransmission. The gains associated with retransmissions apply both to the reference GPRS design and to all candidate techniques that include a retransmission mechanism (not necessarily HARQ-based). If the gain of retransmission is taken into account in some candidate techniques but not in other candidate techniques or in the GPRS reference, then, again, the coverage performance comparison will not be an apples-to-apples comparison.”
Response: 
This observation is also seen as misleading by the sourcing company and relates to the agreed MCL methodology. To be more specific, the above reasoning cannot be interpreted as MCL improvements without considering other limiting factors.  As pointed out in response to 1), the UL coverage of the reference GPRS system is limited by its UL control channel to MCL 144 dB. Thus, no coverage improvement can be expected in the reference GPRS system even when retransmission is used. Therefore, as long as the most limiting channel fulfills the 20 dB coverage extension requirement, the comparison should be considered to be fair.
Observation 4
In [1] it is stated that:
“One of the objectives of the Cellular IoT study item [2] is to “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)”. Since retransmission operates at the protocol level, the timing of each retransmission (and consequently the overall transmission time) depends on many factors, e.g. the scheduling mechanism employed in the base station, and the load and load variation of the network. Furthermore, the combining gains vary depending on the spacing of the retransmissions in time, due to variable time diversity gains. Therefore, if retransmission is part of the coverage enhancement mechanism, it is very difficult to conclude whether the data rate of 160 bps is achievable simultaneously with the 20 dB coverage enhancement, especially in a loaded network as expected for CIoT.”
Response: 
It is true that system load will have an impact to the end-user throughput. This is however not dependent on if HARQ is used or not. Comparing for example with NB M2M where the longest constant transmission on the UL is 28.2 seconds(!), a channel need to be available for that period of time to allow such transmission to happen. 
Furthermore, the throughput requirement in the study is applicable to the exception reporting case, which is only done analytically. 
In this regard, the report mentions, see [9]: 
“Based on the assumption that exception reporting traffic will be prioritized in the system, an analytical method is used”. 
Hence, it is assumed that for the analytical calculation, no assumptions on traffic load are made, and that “exception reporting traffic will be prioritized in the system”. 
For the system level evaluations on the other hand, latency is to be evaluated, but in this case the 160 bps does not apply. As stated in the technical report, see [9]: 
“No specific latency requirement is considered in this case”
Regarding the comment on transmission/retransmission time, it is reasonable that the assumptions are presented when results are being brought forward in the study. This has also been done for example in [4], and was also proposed as a way forward after FS_IoT_LC telco#10.
Observation 5
In [1] it is stated that:
“If retransmission is used for coverage enhancement, the coverage performance of the data channel relies on the robustness of the control channel and, in the case of a GSM-based design, on the robustness of the RLC/MAC header in the data block. The overall performance of this multiple-phase protocol is difficult to model at the link level, and even more difficult to compare meaningfully with legacy GPRS.”
Response: 
Modeling HARQ in link level simulations is a common way to model GSM/EDGE performance which was for example extensively done in the GERAN Evolution work when introducing EGPRS2, for example finding suitable header designs and puncturing schemes. Regarding modeling the robustness of the control block, this is typically not done, but is proposed to be taken into account in for example the methodology used in [4] in order not to overestimate the possible performance achievable in the packet data traffic channels.
General discussion
There are many techniques to improve coverage. One is to introduce repetitions of bursts. Another one is to build a repetition scheme on existing retransmission mechanisms, where each retransmission is seen as a repetition. Of course, combinations of these, and other, approaches are also possible. Different technologies should be allowed to use different approaches to achieve the required coverage extension. If existing HARQ mechanisms are used to build a repetition scheme for coverage extension, it is the BLER after reception of the required number of repetitions that is the target metric. The BLER for the initial transmission is not of interest, just as the hypothetical BLER of decoding only 1 repetition when 16 repetitions are intended to be used.
What is important for the system and for the end-user/device, is the achievable throughput, not the initial block error rate level.
Conclusion
The document has provided some written response to the observations in [1],  in the hope for it to assist in the discussions at the 2nd GERAN Ad Hoc on FS_IoT_LC.
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