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On BLER Target for MCL Calculation
1 Introduction
One of the objectives of the Cellular IoT study item [1] 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)”.

In GERAN#63 it was agreed that “The methodology to calculate Maximum Coupling Loss (MCL) in sub-clause 5.2.1.2 of 3GPP TR 36.888 is reused for the evaluation of coverage performance” [2]. Furthermore, a set of working assumptions for MCL evaluation was also agreed [3].
In Cellular IoT telco#4 it was agreed that “MCL for Legacy GPRS is 144.0 dB” [4]. This is translated to a MCL target of 164 dB for any candidate solution for Cellular IoT. As part of this agreement, the receiver noise figures were updated to 3 dB and 5 dB for the uplink and the downlink, respectively.
One pending issue on MCL calculation is the setting of BLER target when deriving the “required SINR” for the MCL calculation table.

This document provides a discussion on the implications of allowing a candidate solution specific BLER target in the Cellular IoT study.
This document is a re-submission of [12].
2 Candidate proposals for BLER target
In Cellular IoT telco#7, two proposals were put forward on BLER target for MCL calculation. There seems to be no serious disagreement on the BLER target for control channels but for data channels the proposals are essentially different.
· Proposal 1: The BLER target is 10% for both data and control channels. [5]
· Proposal 2: The MCL for the data traffic channels is not defined by a common BLER target but shall be evaluated to fulfil the target data rate throughput of 160 bps at the (equivalent of) the Service Access Point (SAP) to the equivalent Sub Network Dependent Convergence Protocol (SNDCP) layer. [6]
BLER means the BLER for data channels hereinafter, unless otherwise stated.
3 BLER and data rate

As discussed in [7], the data rate mentioned in the SID [1] can be translated into a PHY data rate of approximately 200 bps.

In link level analysis, especially when plotting a SINR vs. PHY data rate curve, the PHY data rate can be roughly viewed a function of BLER, as follows,
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One naive observation may be that BLER can be arbitrarily high as long as the PHY data rate is ensured. However, a sensible RLC/MAC (and even higher layer protocol) design should work in such a way that in normal cases (i.e. when the SINR is near the “operating point”) none or only a limited number of retransmissions are necessary for any initial transmission of a RLC/MAC block. Hence the RLC/MAC design relies on the BLER operating point.
The reference sensitivity level for packet data channels has always been specified at 10% BLER in GSM/EDGE, even though the packet-switched domain has evolved from GPRS to EGPRS and to EGPRS2 over more than 10 years (see table 6.2-5, “Reference performance for Packet channels”, 3GPP TS 45.005). A BLER of 10% or lower has also been assumed in most (if not all) performance evaluations for UMTS and LTE.

If a BLER greater than 10% is chosen as the operating point for the GSM evolution path in Cellular IoT, a re-design and re-justification of RLC/MAC is felt necessary, and even so it is highly doubtful whether the resulting system will work as spectrum-efficiently as a simple “blind repetition” scheme at the physical layer. It should also be noted that in this case the GSM evolution path is no longer an “evolution” because it is not compatible with legacy mobile stations any more.

4 BLER and coverage
The Cellular IoT study aims at a coverage enhancement of 20 dB compared to “legacy GPRS (Non EGPRS)”. If for the reference GPRS case the sensitivity performance is specified at 10% BLER, and for the candidate solution the sensitivity performance is specified at a different BLER, 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.

Moreover, if an arbitrary BLER is allowed to be used in a system design, an absurd conclusion can even be drawn that legacy GPRS is capable of enhancing the required coverage in the Cellular IoT study without any change at the PHY layer.

For example, as shown in Figure 1, suppose the required coverage is translated into an SINR of -5 dB, and that with no repetition the BLER can be as high as 97%, and with 16 repetitions the BLER is decreased to 10%. If there is no restriction on BLER, one candidate solution can easily claim that no change to the PHY layer is necessary for coverage enhancement, as long as the operating BLER is chosen to be 97%, and the PHY data rate as discussed in section 3 is met.
[image: image2.png]BLER

097)

a0

16 repeions

SINR (dB)




Figure 1. BLER performance for no repetition and 16 repetitions, same SINR target
5 BLER for repetition and retransmission
5.1 General

The proponents of Proposal 2 seem to rely on retransmission above physical layer as one means for coverage enhancement. This section attempts to clarify the difference between “repetition” and “retransmission”, and the implications of “retransmission” on BLER when it is used for coverage enhancement.
5.2 Repetition vs. retransmission
Repetition and retransmission are two commonly used techniques in communications systems. They are both used to recover errors but are essentially different in both concept and effect.

“Repetition” means a deterministic number of contiguous repeats. Examples can be found in [8] and [9] etc. It is also called “blind repetition” because the repetition factor is a fixed value known by both the sender and the receiver, and there is no feedback from the receiver on whether the transmission is successful. Repetitions are generally combined coherently (as IQ samples).

“Retransmission”, on the other hand, occurs only in response to a NAK from the receiver. Retransmissions are typically combined incoherently (e.g. as soft bits prior to FEC decoding). Below is quoted from Wikipedia on the definition of “retransmission”:

“Retransmission, essentially identical with Automatic repeat request (ARQ), is the resending of packets which have been either damaged or lost. Retransmission is one of the basic mechanisms used by protocols operating over a packet switched computer network to provide reliable communication (such as that provided by a reliable byte stream, for example TCP).”
In addition, a “transmission” can be viewed as being composed of a defined number of repetitions of the underlying code block, and each “retransmission” is another transmission of the complete set of repetitions (possibly with different data if incremental redundancy is being used, see section 5.3).
5.3 Repetition and retransmission in GSM/EDGE
The “repeated downlink FACCH” and “repeated SACCH” features can be viewed as two repetition schemes for the circuit-switched domain. For instance, in repeated downlink SACCH, the base station can repeat a SACCH block and the MS will first attempt to decode the repeated block without soft combining and on failure attempt to decode it with soft combining.
Retransmission was designed for RLC/MAC and higher layer protocols in the PS domain to enhance the robustness of data transfer.
In GPRS, an RLC data block is first transmitted with a coding scheme (CS) which is normally selected based on measurements of the link quality (“link adaptation”). If decoding is not successful, the RLC data block is retransmitted using the same CS. Each radio block is decoded independently.
In EGPRS, the modulation and coding schemes (MCS) were designed in such a way that a basic data unit size is associated with a given family of MCSs, each carrying one, two or four data units, in the form of one or two RLC data blocks. The RLC/MAC header and any RLC data block(s) in a radio block are independently coded. Retransmission of an RLC data block should be encoded using an MCS within the same family as the initial transmission. The retransmitted RLC payloads can be either segmented and encoded with lower-order MCSs (i.e. type I ARQ) or not segmented. In the latter case, a retransmitted RLC data block can be soft-combined with the initial transmission (i.e. type II HARQ, or “incremental redundancy”). 
5.4 Repetition and retransmission for coverage enhancement

Repetition (at burst level for NB M2M or at radio block level for GSM/EDGE) is a straightforward way of enhancing the sensitivity performance of the receiver in that

· It can be viewed as an additional FEC coding scheme and is transparent to RLC/MAC and upper layers.

· The sensitivity performance of a given transmission is independent of any other transmissions, hence a “genuine” coverage enhancement (see the analysis below on retransmission where the coverage performance depends on a number of factors).
· The sensitivity performance is measurable with simple link level simulations. The comparison between the repeated and non-repeated transmission is an apples-to-apples comparison, by looking at the SINR at the same BLER (i.e. 10%) as for the reference GPRS case.
Retransmission, on the other hand, is mainly used to implement the ‘acknowledgement’ mode in RLC/MAC and higher layer protocols in GSM/EDGE, although incremental redundancy as part of a retransmission scheme does help to improve the link level performance of the retransmitted radio blocks.
It should be noted that retransmission itself is capable of reducing the “overall block error rate”, irrespectively of whether incremental redundancy is used. For example, for legacy GPRS, if the BLER for each transmission is 10%, then the possibility that after one retransmission the block is still in error is only 10%*10% = 1%. The only difference of incremental redundancy when comparing to legacy GPRS is that it reduces the BLER for the retransmitted block to less than 10%, hence an overall block error rate (after one retransmission) of less than 1%. Therefore, it is unfair to claim coverage extension for incremental redundancy but not for “normal” retransmissions.
It is the sourcing companies’ view that the following aspects (taking GSM/EDGE as an example) should be taken into account if incremental redundancy is used in RLC/MAC for coverage enhancement:

· Both the method for coverage enhancement and the actual coverage performance of the NAK message (on the opposite link direction) that triggers the retransmission should be presented. Since the triggering of retransmission depends on the successful decoding of the NAK message, a realistic (i.e. non-zero) BLER has to be assumed for the NAK message when evaluating the performance of the retransmitted block.

· Both the method for coverage enhancement and the actual coverage performance of the RLC/MAC header should be presented. To perform incremental redundancy, the receiver has to first successfully decode the RLC/MAC header (denoted by HEADER1) containing the retransmitted RLC data block in order to obtain the block sequence number (BSN) of that RLC data block. However, HEADER1 cannot be assumed necessarily the same as the RLC/MAC header (denoted by HEADER2) in the radio block containing the initial RLC data block. Hence it is not possible to soft-combine HEADER1 and HEADER2 to enhance the coverage of the RLC/MAC header. A realistic (i.e. non-zero) BLER has to be assumed for the RLC/MAC header when evaluating the performance of the retransmitted block.
· The timing pattern for retransmission should be presented. Since incremental redundancy is performed at protocol level, the timing of both the NAK message and the retransmission is not deterministic but is dependent on the base station scheduling and system load, and this might have a large impact to the performance of soft-combining at the receiver side. A realistic timing pattern has to be derived prior to the evaluation of the overall incremental redundancy performance.

· The calculation of data rate should take into account the non-contiguous nature of retransmissions. For example, if the useful transmissions are assumed to be only on-the-air for 50% of the time (due to the delays in getting the ACKs/NAKs, etc) then this implies that the PHY data rate needs to be twice as high.
· The calculation of latency should also take the timing pattern into account.

· The actual number of retransmissions necessary to achieve the coverage extension target should be assumed when calculating the data rate and latency. For example, it does not make sense to claim 20 dB coverage extensions with 4 HARQ transmissions but then assume only 1.6 HARQ transmissions when calculating the latency.
· The BLER for the initial transmission should still be set to 10%, to align with the performance requirements for EGPRS (see sub-clause 6.2.2, [10]). If the initial BLER is instead set to a value higher than 10%, and only the residual BLER is set to 10%, the HARQ performance will be even worse than legacy GPRS where every retransmitted block is assumed to operate at 10% BLER.

6 Conclusions

In this document, a number of observations are made on BLER target for MCL calculation, as follows,
· The BLER vs. data rate relationship is not as simple as indicated in link level performance (i.e. the SINR vs. data rate curve). For instance, the BLER has an impact to the number of retransmissions at the RLC/MAC layer which in turn affects the RLC/MAC layer design.
· The coverage extension by a candidate solution only makes sense when the SINR improvement is compared at the same BLER as the reference GPRS case. Otherwise, any performance curve with a non-100% BLER can claim fulfilling the coverage extension target.
· If retransmission at above physical layer is used for coverage extension, the performance gain is not “genuine” as it depends on a number of factors which should all be taken into account when evaluating the coverage performance, PHY data rate and latency etc. Even in this case, a BLER of 10% should be assumed for the initial transmission to provide HARQ performance not worse than the reference GPRS case.

Hence it is proposed to take “Proposal 1” as a common assumption in future performance evaluation for Cellular IoT.
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