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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].
One of the main objectives is to increase the coverage compared to existing GPRS services. The most straight forward way to do this when coverage is to be extended based on an existing system design is to make use of blind repetitions.
At GERAN#63, a document addressing the use of blind repetitions was submitted, see [2].
The sourcing company provided comments when [2] was presented at GERAN#63 that additional performance gains are possible depending on how the receiver processes the received repetitions. Different aspects of receiver processing when using blind repetitions are evaluated in this paper.
This is a re-submission of a document submitted to telco 4 and telco 5 on FS_IoT_LC, but was never presented.
Blind repetitions
General
It is advantageous to re-use existing system design to the farthest extent possible when evolving GSM to cater for devices requiring extended coverage.
In best case, this includes keeping channel coding, burst formatting and burst mapping intact. Extended coverage is then achieved by the use of blind repetitions from the transmitter. I.e. one block is retransmitted a number of times without feedback from the receiver. The receiver will instead be aware of how the blocks are repeated and can receive them correspondingly.
Chase combining
Processing gain can be provided by chase combining. In its most frequent form, the demodulator is called every burst reception and a set of soft bits equal to the number of blind transmission are used for the chase combining. This is the approach taken in [2].
Although combination of soft bits is an effective approach to improve performance, and already used by the repeated ACCH functionality, the performance gains achieved per doubling of the transmissions will diminish as the number of transmissions increase. The reason for this is that the more repetitions are used the lower the operating SINR and at low SINR the synchronization and channel estimation will suffer.
Calling the demodulator frequently will also increase the load on the processing required.
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To improve the synchronization and channel estimation, a certain level of accumulation of IQ samples can be used. Accumulation of multiple transmissions relies on coherent accumulation for optimal gains. In effect the received SINR is increased with the number of repetitions, which improves performance of both synchronization estimation and channel estimation.
In order to provide coherent IQ accumulation, the radio propagation channel needs to be stationary, or close to stationary, during the IQ accumulation interval. Also, impairments, such as frequency offset at the device side will result in a phase drift over time that will destroy the coherent combination.
In GSM, using IQ accumulation within a TDMA frame is a straightforward way to keep the IQ accumulation interval short, ensures that frequency hopping can be used on the channel (hopping applied between TDMA frames), and lowers the processing load of the receiver.
For a non-hopping channel the IQ accumulation interval can easily extend over longer periods than one TDMA frame. Also, a more compact burst mapping compared to the one used today could be applied that lowers the spread in time between repetitions of the same burst, see Section 2.4.
Frequency offset estimation and compensation
As mentioned in Section 2.3 a frequency offset between the frequency transmitted by a device and the frequency reference at the base station (for the UL case) can differ that results in a phase drift between received bursts.
In case the frequency offset is relatively constant during an IQ accumulation interval, the offset can be estimated at the receiver and compensated for.
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As discussed during GERAN#63, it can be considered to investigate a more compact burst mapping than used today where, in case of repetitions over multiple TTIs, the separation between instances of the same burst is separated by four TDMA frames. In a more compact burst mapping, the bursts could instead be mapped on consecutive TDMA frames. Both mapping options are shown in Figure 1 for eight times repetition
In the regular burst mapping the separation in time between the first and last transmission of the same burst is roughly 20 ms, while for the more compact burst mapping illustrated to the right in Figure 1 the separation between the first and last repetition is only around 7 ms, i.e. a reduction of 65%. When increasing the repetition interval to 16 the difference gets closer to 75%.
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[bookmark: _Ref397970779]Figure 1. Regular burst mapping (left) and more compact burst mapping (right).
Results
Simulation assumptions
Simulations have been carried out following the simulation assumptions in Table 1.
[bookmark: _Ref397972316]Table 1. Simulation assumptions
	Parameter
	Value

	Channel
	TU

	Frequency hopping
	Ideal (normal mapping)
No (compact mapping)

	Doppler
	1 Hz

	Frequency offset
	30, 90 Hz

	Chase combining
	Every burst to at most every 8th (normal mapping) or 16th burst (compact mapping)

	IQ accumulation
	1-8 bursts (normal mapping, within a TDMA frame)
1-64 bursts (compact mapping, spanning at most 8 TDMA frames)

	Impairments
	Typical



Simulation results
The results are shown in Figure 2. For reference, the performance provided in [2] is also inserted in the plot with simulations carried out by the sourcing companies using the same simulator settings. It can be seen that the performance is well aligned.
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[bookmark: _Ref397972574]Figure 2. Processing gains by different burst mapping and receiver processing.
If using IQ accumulation up to eight TS (‘1-8 TS’) it can be seen that even with 90 Hz frequency offset and no frequency offset compensation at the receiver, the performance is significantly improved by around 2 dB compared with no IQ accumulation (also used in [2]). Employing a frequency offset compensation between repeated bursts within the TDMA frame further improves performance by around 1 dB and the processing gain reference of achieving 3 dB improved performance by a doubling of the repetitions is followed to around 20 repetitions. Further improvements that completely bridge the gap between the 3 dB reference and the simulated performance is seen when using a compact mapping on a non-frequency hopping channel with compensation at the receiver for the frequency offset.
The impact of different frequency offsets are also visible with a 30 Hz offset providing roughly a 1 dB improvement compared to the offset of 90 Hz. The gap between the reference curve of ‘3 dB processing gain’ is expected to be further bridged with lower frequency offsets. An initial estimation in [3] of the frequency offset achieved after SCH reception showed 90% of the occasions to be within 10 Hz.
Conclusions
Different options of bursts mapping and receiver processing when using blind repetitions have been evaluated. The gains are in general diminishing with increased number of repetitions, as also observed in [2]. However, significant improvements compared to the results in [2] have been shown by allowing a certain level of IQ accumulation to increase the SNR in the received signals. The gap to having a 3 dB gain by a doubling of the number of transmissions has also been completely bridged when applying 90 Hz offset, mapping the bursts using a more compact burst mapping compared to today, and compensating the estimated frequency offset at the receiver.
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