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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 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. 
[bookmark: _Ref433020901]Table 1: Simulation parameters
	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
	 see text below table



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, with burst length , where is the phase drift over the time duration of a burst, and w and z represent noise/interference. It can be noted that the definition of  in the two bursts can be different depending on if the slot it is transmitted in is of length 156 or length 157 symbols.
The three 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) by correlation.
· 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.
· Coherency assumed between TDMA frames 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.
· No coherency assumed between TDMA frames assumed
· 	Estimator 3:
· All bursts within the repetition period are used to estimate the frequency offset (a fixed offset over the repetition period) by hypothesis based testing. I.e. bursts received are compensated for with the expected phase for a specific frequency offset (a specific hypothesis)
· The estimated frequency offset is compensated for over all bursts individually before the bursts are combined.
· 40 different hypotheses are used (roughly corresponding to a 5 Hz granularity in detection).
· This estimator is only evaluated on the EC-RACH.
· Coherency assumed between TDMA frames assumed
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 level simulations have been run assuming the set of 1, 4, 8, 32 repetitions, which is one of the settings investigated in [9] (although not the selected one based on evaluations in [12] the relative impact still applies). No power control is used on the EC-RACH, as proposed in [10].
Table 3: Impact on EC-RACH system performance when using blind transmission set [1,4,8,32].
	CIoT device
output 
power
[dBm]
	Estimator
	Average
Resource
Usage
UL [bursts/user]
	Average
Resource
Usage
DL  [bursts/user]
	Failed access attempts
[%]

	33
	1 (coh.)
	1.9
	3.3
	0.07

	33
	2 (no coh.)
	1.9
	3.3
	0.07

	33
	3  (coh.)
	1.8
	3.3
	0.04

	23
	1 (coh.)
	5.5
	2.9
	0.40

	23
	2 (no coh.)
	5.6
	2.9
	0.47

	23
	3 (coh.)
	4.9
	2.9
	0.22



As can be seen, there is a visible impact when using the most optimal EC-RACH receiver compared to the other estimators investigated. 
In addition to the above metrics also the collision rate on the EC-RACH has been logged, providing similar metric as input shown at GERAN#68, see [11].
Table 4: Collision probability per mobile
	CIoT device
output 
power
[dBm]
	Estimator
	CC1
	CC2
	CC3
	CC4

	33
	1 (coh.)
	6
	16
	35
	73

	33
	2 (no coh.)
	6
	16
	35
	71

	33
	3  (coh.)
	6
	16
	36
	70

	23
	1 (coh.)
	17
	27
	39
	76

	23
	2 (no coh.)
	17
	26
	38
	75

	23
	3 (coh.)
	15
	25
	36
	72



Here, the collision probability is defined as the probability that any frame over the full system access attempt has more than one user attempting to access. So, assuming a device belongs to CC4 and transmits 32 blind transmissions in three separate attempts, i.e. in total transmitting 96 frames. If there is a CC1 users in one of those 96 frames, this system access attempt is classified as being a colliding attempt in these statistics. 
Looking at the probability of a collision for any given frame in the system, it is around 6% for the 33 dBm simulations, and 16% for the 23 dBm simulations.
If looking at the rate of collision providing that there is a collision (i.e. how many of the bursts actually collide for a user that is classified as a colliding user) the results are shown in Table 5.
[bookmark: _Ref437877173]Table 5: Collision ratio conditional being a colliding user
	CIoT device
output 
power
[dBm]
	Estimator
	CC1
	CC2
	CC3
	CC4

	33
	1 (coh.)
	69
	26
	11
	8

	33
	2 (no coh.)
	72
	30
	11
	7

	33
	3  (coh.)
	68
	27
	10
	8

	23
	1 (coh.)
	79
	46
	32
	20

	23
	2 (no coh.)
	83
	50
	33
	20

	23
	3 (coh.)
	78
	45
	32
	20



As can be seen, the ratio of collision for example for CC4 devices that experience collision during their system access is around 2-3 bursts out of the 32 transmitted in a system with only 33 dBm devices, and around 6 bursts for the same system but with 23 dBm devices.
The EC-RACH performance has also been investigated by logging the EC-RACH BLER per coupling loss. In this investigation the number of repetitions is increased to 48 (see [12]). Also, a 2 TS mapping of the EC-RACH is simulated 
In order to find the most limiting scenario only BPL scenario 2 and correlation 0.5 has been investigated, and only the case of 100% 23 dBm devices are shown.
As can be seen, there is a clear gain in using 48 repetitions with 2 TS EC-RACH compared to using lower number of repetitions (32) when going to 2 TS (see [13]) and hence instead minimize resource utilization, as proposed in [12]. In all cases simulated estimator 2 has been used.
[image: ]
Figure 1: BLER per coupling loss, 23 dBm.
The impact on battery lifetime of skipping coherency, but instead increasing the number of repetitions has also been investigated with the same assumptions as used in subclause 6.2.6.6 of 3GPP TR 45.820, [14].
Table 6: Impact on overall battery lifetime from different EC-RACH assumptions (GPRS + 20 dB coupling loss, i.e. 33 dBm)
	Packet size, 
reporting interval
	1 TS EC-RACH,
32 repetitions
Coherency
	1 TS EC-RACH,
32 repetitions
No coherency
	1 TS EC-RACH,
48 repetitions
No coherency
	2 TS EC-RACH,
48 repetitions
No coherency

	50 bytes, 2 hours
	2.8
	2.9
	2.9
	2.9

	200 bytes, 2 hours
	1.2
	1.3
	1.2
	1.2

	50 bytes, 1 day
	18.7
	19.0
	18.8
	18.8

	200 bytes, 1 day
	10.9
	11.1
	11.0
	11.0



As can be seen, not requiring coherency but instead increasing the repetitions on the EC-RACH from 32 to 48 has a visible positive impact on the battery lifetime although relatively small. It can be noted that in the battery lifetime framework calculation agreed in the CIoT study the link performance of the random access was not modeled explicitly, but would, if done, have a positive impact comparing 1 TS and 2 TS EC-RACH considering the improved link performance of the improved coherency over 2 TS.
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 7.
[bookmark: _Ref434923997]Table 7. EC-PDTCH/U degradation (in dB) if not assuming coherency
	Blind repetitions

	2
	4
	8
	16

	0.0
	0.0
	-1.5
	-1.7



Table 8. 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 9 and Table 10 shows the degradation between the two scenarios and estimators for the downlink and uplink respectively.
[bookmark: _Ref434926333]Table 9. EC-PACCH/U degradation (in dB) if not assuming coherency
	Blind repetitions

	2
	4
	8
	16

	+0.1
	+0.1
	+0.2
	+0.5



[bookmark: _Ref434926342]Table 10. 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.
For EC-RACH it is not as simple as looking at link performance, and instead system simulations have been carried out to investigate the system impact on EC-RACH. Although system degradation is seen due to worse performance (when not requiring coherency), the performance is still not as significant as one could have expected based on the link level analysis in [12] and [13]. 
In extreme coverage, it has been seen that going to 48 repetitions for EC-RACH, see [12], and allowing a mapping of the EC-RACH onto 2 TS, see [13], improves the performance, while having a small positive impact on battery lifetime (compared to the earlier proposed 32 repetitions but with coherency in transmission/reception required.
[bookmark: _GoBack]Based on these results it is proposed to remove the requirement on coherency between TDMA frames for the EC-EGPRS feature, but to include the possibility to transmit the EC-RACH on 2 TS and using 48 blind transmissions both for the 1 TS and 2 TS mapping case.
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