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Introduction
At GERAN#67 a new Work Item called Extended Coverage GSM (EC-GSM) for support of Cellular Internet of Things was approved, see [1].
The intention of the work item was to implement the EC-GSM candidate solution, described in the technical report, see [3], that was produced as an outcome of the study item conducted in 3GPP GERAN, see [2].
One of the objectives agreed by GERAN for the work was:
“Coherent phase requirement between blind repetitions to enable co-phase combining of received samples”
In this contribution the impact on performance by removing this requirement between TDMA frames is investigated.
Background
When using blind repetitions, with a stationary / close to stationary propagation channel, the processing gain achievable is ideal if transmissions can be coherently combined in the receiver. The coherent combination is assisted by ensuring phase coherency at the transmitter and receiver during transmission and reception of the multiple blind repetitions.
An alternative is to allow a random phase between blind repetitions, and let the receiver estimate and compensate for the phase. Assuming this compensation can be done ideally, the same performance would be achieved as in the case of coherent transmission and reception.
Apart from a possibly varying propagation channel, other impairments also impact the processing gain, such as frequency offset caused by frequency drift and estimation error. This is however of little importance if assuming that a random phase is present between transmitted bursts. In case of coherency in transmitter and receiver is present the receiver can identify a phase drift caused by a frequency offset and compensate for it before accumulation.
The scope of this investigation is to remove the coherency between bursts transmitted in different TDMA frames. For bursts transmitted in the same TDMA frame, they will always use contiguous TSs.
Simulations
Scope
The different logical channels in EC-EGPRS are investigated in terms of their link budget when making different assumptions on coherency and receiver implementation, with the following exceptions:
· EC-BCCH: The repetitions are already spaced too far apart in time (one 51-mf) to enable efficient combination due to a varying propagation channel. Hence, already provided simulations have not assumed any coherency, but only soft combining.
· EC-SCH: The channel has been designed to only require soft combination to reach the targeted MCL, see [3].
· FCCH: Legacy FCCH is used for cell detection, and none of the evaluations have assumed coherency during the detection process.
In other words, the remaining channels to be investigated are:
· CCCH (DL and UL)
· PDTCH (DL and UL)
· PACCH (DL and UL)
Assumptions
Simulation assumptions follow the ones in Annex C of [3]. In addition to these, some parameters are shown in Table 1. 
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	Parameter
	Value

	Max. Doppler spread
	1 Hz

	Interference noise
	Noise

	Frequency offset
	N(0,10)

	# Blind repetitions
	Max. defined for the respective logical channel

	Frequency estimator
	Est. 1 
· Estimates a single frequency offset by correlation over all bursts.
· Frequency offset compensated for before IQ accumulation.
· Max offset possible to estimate 108 Hz (due to GSM frame structure).
Est. 2 
· Estimates a random phase by correlation between TDMA frames. 
· IQ accumulation without frequency offset compensation within TDMA frame.
· No frequency offset identified.



Two different frequency estimators have been investigated at the receiver. It can be noted that there can be several more implementations possible, but the two evaluated represent two possible implementations. One of them can especially be used in case no coherency is kept between bursts.
In general a correlator based estimator is used that estimates the phase difference between two consecutive bursts. 


The equation shows the principle of estimating a phase shift  caused by a constant frequency offset  over two consecutive bursts sb, and sb+1, where is the phase drift over the time duration of a burst, and w and z represent noise/interference.
The two estimators used are:
· Estimator 1:
· All bursts within the repetition period are used to estimate the frequency offset (a fixed offset over the repetition period).
· The estimated frequency offset is compensated for over all bursts individually before the bursts are combined.
· A max frequency offset of 108 Hz is assumed.
· Estimator 2:
· All bursts within the TDMA frame are blindly combined.
· The bursts between two TDMA frames are combined by estimating the random phase between them.
Already combined TDMA frames are used as basis for further combination.
Results
EC-CCCH
EC-AGCH / EC-PCH
The EC-AGCH and EC-PCH are transmitted on TS1 and could potentially be impacted severely by not assuming coherency between repeated bursts.
Table 2 shows the difference in performance, for different number of blind repetitions, between the following cases;
· Transmitter phase coherency supported between and within TDMA frames and Estimator 1 is used in the receiver
· Transmitter phase coherency supported within TDMA frames and Estimator 2 is used in the receiver.
[bookmark: _Ref434923336]Table 2. EC-AGCH/EC-PCH degradation (in dB) between the different levels of TX phase coherency and RX estimators.
	Blind repetitions

	2
	4
	8
	16
	32

	0.0
	0.0
	0.1
	0.2
	0.6



It can be noted that the highest repetition factor experiences a degradation of 0.6 dB, and since earlier an MCL of 166.5 dB has been shown when , it would now end up at 165.9 dB.
EC-RACH
As with EC-AGCH and EC-PCH, the EC-RACH is transmitted on TS1 and will experience a similar impact in performance between the different estimators. For the EC-RACH, the performance is however not evaluated by link budget calculations, but on system level, to see the impact on system access, taking collisions on the channel into account.
System simulations would have to be performed to see the impact on the metrics evaluated in the study, but it could be expected that a significant degradation can be expected if not assuming coherency.
Work is ongoing to update the system simulator, and results are expected before the next GERAN meeting.
EC-PDTCH
EC-PDTCH is also not evaluated by a simple link budget calculation, but instead according to the model in subclause 5.6 of [3]. However, if the impact on link performance is small between the two simulators, the results evaluated in [3] would still be applicable.
The difference in performance between the two scenarios and estimators used seen for different number of repetitions is shown in Table 3.
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	Blind repetitions

	2
	4
	8
	16

	0.0
	0.0
	+1.5
	+1.7



Table 4. EC-PDTCH/D degradation (in dB) if not assuming coherency
	Blind repetitions

	2
	4
	8
	16

	0.0
	0.0
	+1.4
	+1.1



As can be seen, the performance difference is in advantage to the estimator not assuming coherency. The reason for this is not really related to coherency but rather to the limitation in frequency offset possible to estimate and compensate for, which limits the coherent estimator. It can be noted that these results assume normal burst mapping, and not compact burst mapping, in which case the difference would be smaller, as shown in [8].
Based on the above results, the 164 dB MCL is still fulfilled on the EC-PDTCH.
EC-PACCH
As for EC-CCCH/D, the EC-PACCH was evaluated by link budget calculations during the CIoT study. Table 5 and Table 6 shows the degradation between the two scenarios and estimators for the downlink and uplink respectively.
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	Blind repetitions

	2
	4
	8
	16

	-0.1
	-0.1
	-0.2
	-0.5



[bookmark: _Ref434926342]Table 6. EC-PACCH/D degradation (in dB) if not assuming coherency
	Blind repetitions

	2
	4
	8
	16

	0.0
	0.0
	-0.1
	-0.1



It can be noted that the highest repetition factor experiences a degradation of 0.5 dB, and since earlier an MCL of 164.0 dB has been shown, it would now end up at 163.5 dB.
Conclusions
Based on the above results it can be concluded that most EC-channels can keep their performance reasonably well by not assuming coherency between TDMA frames.
All channels except the EC-RACH have been evaluated, which is expected to be one of the channels that are mostly impacted by the removal of coherency between the bursts. In addition to losing performance on EC-RACH, it would also not be possible to use overlaid CDMA on the EC-RACH channel without coherency in the transmission.
Work is ongoing to update the EC-RACH system simulator, and results are expected before the next GERAN meeting. Before these investigations are concluded the sourcing company would like to leave the stage 3 specification of requirements on phase coherency open. It can however be noted that the specification work on EC-EGPRS related to coherency assumption is very limited, and hence this will not have a significant impact on the overall specification work.
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