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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 candidate proposals in the study is Extended Coverage GSM (EC-GSM).
At GERAN#66 some discussion arose regarding the assumption on coherent accumulation in the case of blind transmissions for the candidate proposal.
Different views have since then been expressed on the assumption on coherency, see [4], [3].
The sourcing company does not agree with many of the statements in [3], and this document provides a response to some of them. 
Furthermore, the document evaluates EC-GSM according to the studies common objectives on performance, assuming no coherency between non-consecutive timeslots for the device transmitter. It should be noted that this performance evaluation, although not in line with the understanding of the sourcing company, is to show that EC-GSM would still provide close to optimum performance gain, even without the assumption on coherency between non-contiguous TSs. 
Response to [3]
EC-RACH repetition length and requirements on coherency
It is stated in [3] that the EC-RACH is repeated 51 times over the full 51-multiframe. Although this in principle would be possible, this is an incorrect assumption, and would require the coherency between transmitted bursts to be longer than what is required in the EC-GSM proposal. Coherency has so far only been assumed over at most 16 TDMA frames (~ 75 ms), considering all logical channels in EC-GSM. For some channels, no coherency is assumed. It has also been shown, see [8], that 20 dB extended coverage performance can be kept for EC-PCH and EC-AGCH when only assuming coherency over 2 bursts (~ 5 ms).
Note also that in section 3 in the present contribution, it is shown that the 20 dB coverage improvement target of EC-GSM is mainly fulfilled even without coherency between non-contiguous TS.
Overlaid CDMA
There are a number of statements relating to the proposal of overlaid CDMA in EC-GSM that are incorrect:
· It is stated that the feature is dependent on a frequency offset of N(0,10 Hz) to work well. This is incorrect, and it has already been shown that the feature works well using an offset up to the current requirement on frequency accuracy of 0.1 ppm, see [10].
· It is stated that only some of the phase shift required by OL CDMA is achievable. It is correct that if a continuous GMSK modulator is used (i.e. not IQ based), the Hadamard transform, and not the Fourier transform, should be used. This does not pose a restriction of the feature, since it is foreseen that only one transform would be used for the normative specification work. Hadamard codes have for example been used in [9]. 
· It is stated that each user will have different frequency drifts. This is true, and also something that has been taken into account in all simulations presented on OL CDMA, see [9], [10], [11].
Achieving good frequency offset estimation at low operated SNR
It is stated in [3] that it is difficult to achieve a frequency offset of N(0,10) in “an AWGN dominated case” for a system with a 200 kHz bandwidth. It is not clear to the sourcing company why this is claimed. There has been extensive discussion on the achievable accuracy in frequency offset and the EC-GSM candidate technique has been shown to perform well in this regard, based on input from several sources, e.g. [12], [13]. Several of these results have also been agreed for inclusion in the TR.
Further, EC-GSM has been shown to be insensitive to larger frequency offsets, see [14].
It can also be noted that some of the companies sourcing [3] is proposing the NB CIoT and NB OFDMA candidate proposals where a 180 kHz bandwidth synchronization channel used for correcting time offset and frequency offset.
Tx/Rx switching
It is claimed in [3] that GSM handsets keep tuning between Rx and Tx, and hence there is no phase continuity for effective blind combining. It is correct that GSM handsets switches between Tx and Rx but this is not the case for EC-GSM where fixed UL allocation is always used when blind combining is performed. Hence, the device would solely be receiving or transmitting during a blind repetition interval.
Phase drift of TCXO
A phase drift of a TXCO is shown in [3]. It can be noted that the accuracy of 25 ppb is perfectly aligned with the common assumption in the study on frequency drift during transmission (22.5 Hz) which has been taken into account in all simulations provided for EC-GSM where blind combining is assumed.
Is is stated in [3] that EC-GSM devices may have to re-sync their frequency reference on the FCCH/EC-SCH to maintain a low CFO and timing offset. This is incorrect. EC-GSM transmission times are short enough to cope with the frequency drift. In between transmissions, CFO and time offset estimation will be updated based on received EC-PACCH bursts.
[bookmark: _Ref423305435]Results
The results in this section summarize the impact to the EC-GSM performance and the limitations in coverage when not assuming coherent combination of devices transmissions over non-consecutive TSs.
[bookmark: _Ref422852227]Simulation assumptions
Simulations are run for logical channels as per already provided results for EC-GSM.
It can be noted that different logical channels are evaluated according to different approaches in the study as shown in Table 1.
[bookmark: _Ref422845785]Table 1. Evaluation of performance for different logical channels.
	Logical channel
	Evaluation
	Simulation settings

	EC-PACCH/U
	According to subclause 5.1 in [2].
	See [5]

	EC-PDTCH/U
	According to subclause 5.6 in [2]
	See [6]

	EC-RACH
	According to subclause 5.3.5 in [2]
	See [7]


EC-PACCH/U
The link budget as presented in [5] is updated according to Table 2.
The difference is that no phase drift, cause by frequency offset/drift, is assumed between TDMA frames, but instead there is a random phase shift between bursts of different TDMA frames. Still, this random phase shift can be estimated by the same type of correlator based frequency offset estimator used to estimate the drift in earlier contributions. It turns out that the loss in performance is limited to around 0.5 dB, see Table 2.
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	Logical channel name
	EC-PACCH/U
	EC-PACCH/U

	Data rate(kbps)
	-
	-

	Transmitter
	
	

	(1) Tx power (dBm)
	33
	23

	Receiver
	
	

	(2) Thermal noise density (dBm/Hz)
	-174
	-174

	(3) Receiver noise figure (dB)
	3
	3

	(4) Interference margin (dB)
	0
	0

	(5) Occupied channel bandwidth (Hz)
	271000
	271000

	(6) Effective noise power
= (2) + (3) + (4) + 10 log ((5))  (dBm)
	-116.7
	-116.7

	(7) Required SINR (dB)
	-13.9
	-13.9

	(8) Receiver sensitivity = (6) + (7) (dBm)
	-130.6
	-130.6

	(9) Rx processing gain
	0
	0

	(10) MCL  = (1) (8) + (9) (dB)
	163.6
	153.6



As can be seen, the coverage is achieving an MCL of 163.6 dB (provided 33 dBm output power is used by the device), compared to an MCL of 164 dB when coherency is assumed also between non-contiguous TS.
EC-PDTCH/U
The results presented in [6] are here updated based on the new assumption on coherency. The results are presented in Table 3 showing the 90th percentile latency and throughput, which is the case where 160 bps is required at the coverage limit.
For all results, the SNR set in the simulation reflects a MCL of 164 dB for 33 dBm, and 154 dB for 23 dBm output power of the device.
[bookmark: _Ref422849372]Table 3. EC-GSM, exception report 90th percentile latency and throughput.
	Coverage
	Delay [s]
	Throughput [bps]

	
	90th 
	90th 

	GPRS+20 dB (33 dBm) – UL
	2.15
	316

	GPRS+10 dB (33 dBm) – UL
	0.42
	1619

	GPRS+10 dB (23 dBm) – UL
	1.75
	389

	GPRS+ 0 dB (23 dBm) – UL
	0.40
	1700



As can be seen, the 164 dB in MCL targeted by the study is still fulfilled.
EC-RACH
From the random access system level simulations the case of having legacy users loading the system, interfering the EC-RACH bursts have been used, see [7]. As in [7] also non-ideal cell selection is assumed. 
For more details, see [7].
The results are shown in Table 4.
[bookmark: _Ref423122881]Table 4. Average resource utilization/ system access attempt, non-ideal cell selection + legacy traffic. Assumption on coherency or no coherency.
	Output 
power 
[dBm]
	BPL
	Resource utilization
[Av. # bursts]

	
	
	Coherency
	No coherency

	23
	Scenario 1, corr. 0.50
	2.1
	2.7

	
	Scenario 1, corr. 0.75
	2.6
	3.4

	
	Scenario 2, corr. 0.50
	2.4
	3.3

	
	Scenario 2, corr. 0.75
	3.2
	4.5

	33
	Scenario 1, corr. 0.50
	1.2
	1.3

	
	Scenario 1, corr. 0.75
	1.2
	1.5

	
	Scenario 2, corr. 0.50
	1.3
	1.5

	
	Scenario 2, corr. 0.75
	1.5
	2.0



As expected, there is an increase in resource utilization, but still the levels are moderate.
The total amount of failed attempts is still kept at low levels, < 0.2 %. 
The random access delay distribution is shown in Figure 1.
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[bookmark: _Ref423298784]Figure 1. Random access delay distribution
Conclusion
The paper has provided some responses to the contribution in [3] with differentiating views in some of the topics addressed, and references have been provided where most of the aspects mentioned have already been covered.
Furthermore, a performance evaluation according to the TR framework for all UL channels have been performed, showing that even if coherency is not assumed between non-contiguous TS, the extended coverage achievable with EC-GSM is still at 163.6 dB.
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