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EC-GSM-IoT, Normalized Coherency Error Requirement for MS
Introduction
The specification work of EC-GSM-IoT was completed at GERAN#70, except for performance requirements and MS testing. Among other performance requirements, a normalized coherency error requirement for MS is to be specified in subclause 4.6.3.2 of 45.005 [1].
This document evaluates the performance impact from different MS requirements on the normalized coherency error and proposes a way forward for specifying a requirement.
Normalized Coherency Error
The definition of normalized coherency error () can be found in subclause 4.6.3.2 and Annex S of [1]. In short, it is the ratio of the highest RMS of the error vector magnitude between any two consecutive bursts from a set of blind physical layer transmissions in the same TDMA frame, compared to the average RMS value of the signal amplitude over the set of blind physical layer transmissions. The normalized coherency error of the blind transmissions within one TDMA frame can be expressed as follows: 



where  are filtered, symbol spaced samples of the useful part of burst , and  is the number of blind transmissions in the TDMA frame.
The  values are averaged over at least 200 TDMA frames to derive  and then transferred to a dB scale.
Simulations
The normalized coherency error requirement applies whenever blind physical layer are transmitted within a TDMA frame. The situation in which the coherency error has the most performance impact is when Overlaid CDMA is used, in particular when a strong Overlaid CDMA subchannel interferes a weak one, since the cancellation of the former will be degraded due to the coherency error. Therefore, Overlaid CDMA performance will be used to derive a suitable level for the normalized coherency error requirement.
The requirement in [1] states that the normalized coherency error requirement shall be met “at the reference sensitivity level of EC-SCH”. This should be understood as that the requirement applies also at higher signal levels (a CR clarifying this can be found in [3]). Therefore, Overlaid CDMA performance is evaluated for all Coverage Classes.
Simulation assumptions
The simulation assumptions are shown in Table 1.
[bookmark: _Ref391119116]Table 1. Simulation assumptions.
	Parameter
	Value

	Propagation contitions
	TU1.2 noFH

	Frequency band
	1800 MHz

	Logical channels
	EC-PDTCH/U MCS-1/N and
EC-PACCH/U/N
where N=4,8 and 16

	Number of subchannels
	2, 4

	Coverage class of measured subchannel
	CC2, CC3, CC4

	Coverage class of other subchannels
	CC2

	SCPIR
	Fixed.
2 subchannels: 9 dB
4 subchannels: 3,6,9 dB
See section 3.1.1

	CDMA code of measured subchannel
	0
See section 3.1.2

	CDMA codes of other subchannels
	2 subchannels: 1, 2 or 3
4 subchannels: 1, 2 and 3
See section 3.1.2

	Frequency offset
	N(0,σ) Hz, σ=0,10,20,...,90 Hz
See section 3.1.3

	Other impairments
	Typical MS TX impairments and 
BTS RX impairments, see e.g. [2]

	SNR
	Fixed at a level at which the BLER without Overlaid CDMA interference is approximately at 10 % (for EC-PACCH) or 50 % (for EC-PDTCH).

	Receiver
	1 RX antenna
No SIC


[bookmark: _Ref401058866]Subchannel power imbalance
The SCPIR has been modelled according to subclause 6.1b of [1]. The two most challenging of the four defined SCPIR configurations are simulated in this contribution:
· In the case of 2 subchannels, the power level of the interfering subchannel is fixed at 9 dB above the measured subchannel.
· In the case of 4 subchannels, the power levels of the three interfering subchannels are fixed at 3, 6 and 9 dB, respectively, above the measured subchannel.
[bookmark: _Ref459060620]OLCDMA code assignment
The measured subchannel is assigned OLCDMA code 0. Due to the symmetry of the Hadamard matrix, this is expected to be representative also for other code assignments for the measured subchannel.
The interfering subchannels are assigned OLCDMA codes 1, 2 and 3. In case of two subchannels, all three cases are simulated. In case of four subchannels, all permutations of OLCDMA codes 1, 2 and 3 for the three interfering subchannels (having different SCPIR) are simulated.
[bookmark: _Ref401055988]Frequency offset
The dominant cause of coherency error is expected to be the transmitter frequency error caused by frequency offset estimation/compensation errors during synchronization to the FCCH/EC-SCH and subsequently to other downlink channels. The frequency offset has been modelled according to Annex R of [1], except that a range of different standard deviations of the frequency offset have been tested. A normal distribution with zero mean and a standard deviation of  σ=[0,10,20,30,40,50,60,70,80,90] Hz is used. A new frequency offset is drawn for each new radio block (the same offset is used for all blind physical layer transmissions of the same block), i.e., every 4, 8 or 16 TDMA frames for CC2, CC3 and CC4 transmissions, respectively. The frequency offset is assumed independent between transmissions.
Results
Coverage class 2
The BLER of EC-PACCH/U/4 (CC2) versus the normalized coherency error is shown in Figure 1 for the different SCPIR/code assignment scenarios. The SNR is fixed at a level at which the BLER without Overlaid CDMA subchannel interference is approximately at the target (i.e., 10 %). The legend indicates the Overlaid CDMA codes assigned to the interfering subchannels. Corresponding results for EC-PDTCH (at a BLER level of approximately 50 %) is shown in Figure 2.
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[bookmark: _Ref459063470]Figure 1: EC-PACCH/U/4 BLER versus normalized coherency error.
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[bookmark: _Ref459063593]Figure 2: EC-PDTCH/U MCS-1/4 BLER versus normalized coherency error.

Coverage class 3
The BLER of EC-PACCH/U/8 and EC-PDTCH/U MCS1/8 (CC3) versus the normalized coherency error are shown in Figure 3 and Figure 4, respectively.
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[bookmark: _Ref459064667]Figure 3: EC-PACCH/U/8 BLER versus normalized coherency error.

[image: ]
[bookmark: _Ref459064669]Figure 4: EC-PDTCH/U MCS-1/8 BLER versus normalized coherency error.


Coverage class 4
The BLER of EC-PACCH/U/16 and EC-PDTCH/U MCS1/16 (CC4) versus the normalized coherency error are shown in Figure 5 and Figure 6, respectively.
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[bookmark: _Ref459064702]Figure 5: EC-PACCH/U/16 BLER versus normalized coherency error.
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[bookmark: _Ref459064703]Figure 6: EC-PDTCH/U MCS-1/16 BLER versus normalized coherency error.
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The coherency error caused by the transmit frequency offset has a large impact on the Overlaid CDMA performance for some Overlaid CDMA code combinations, while for other combinations, it is much less severe. When two users are multiplexed on the same timeslots, the unfavorable code combinations in conjunction with a high SCPIR can to a large extent be avoided by the assignment of appropriate codes by the network, but when three or four users are multiplexed, this becomes more difficult.
Even though a given user is not likely to be constantly subject to a high SCPIR of an interferer with an unfavorable code, such scenarios can occur. Therefore, it is important to set the requirement on normalized coherency error at a level that guarantees a limited performance degradation even in the most difficult scenarios.
From the simulations it can be seen that the degradation is larger for a lower Coverage Class than a higher and also larger for EC-PACCH than for EC-PDTCH. This is likely due to less diversity and lower BLER target, respectively.
From a performance perspective, it is clear that the normalized coherency error requirement should not be set above -20 dB, and preferably in the range -25 to -23 dB. -23 dB corresponds approximately to a standard deviation of the transmit frequency offset of 20 Hz while a level of -20 dB corresponds to a standard deviation of 30 Hz.
Feedback from MS manufacturers on the feasibility of setting the requirement at -23 dB is kindly requested.
Testing aspects
An MS initially performs frequency offset estimation and compensation when synchronizing to a cell on the FCCH/EC-SCH. In the work of EC-GSM-IoT the frequency offset estimator used has typically been a correlator based estimator, making use of the blind physical layer transmissions to estimate a phase offset between transmissions, and by that an estimate of the frequency offset. Since the EC-PACCH has been designed to at least contain 4 transmissions of the same burst (for CC1 the EC-PACCH block consists of four identical bursts, if disregarding the USF placement), the same frequency offset estimator can be used. This also applies to the DL EC-CCCH where at least two identical bursts are transmitted. Subsequently during a TBF it can also update its frequency offset estimation using the EC-PACCH/D, which consists of 4 (CC1) to 64 (CC4) blind physical layer transmissions of the same burst.
Even if a MS can achieve a standard deviation of the frequency offset estimation of, say, 20 Hz, a single estimation attempt may give a larger offset. The conclusions drawn in section 3.3 are based on average performance from a distribution of frequency offsets. Therefore it is important that testing is not performed based on a single frequency offset estimation attempt.
[bookmark: _Ref459109516]A straightforward way to achieve this is to spread the TDMA frames during which the normalized coherency error is measured over several Fixed Uplink Allocations (between which the BTS transmits EC-PACCH/D to the MS, typically containing an EC-EGPRS Packet Uplink Ack/Nack, following normal procedures during an uplink TBF). The procedure is illustrated in Figure 7 where a new estimation of the frequency offset can be done after EC-SCH, EC-CCCH (EC-AGCH), or EC-PACCH.



[bookmark: _Ref459154459]Figure 7: Signaling diagram of possible MS testing 

Conclusions
The impact of MS coherency error has been investigated. Overlaid CDMA, which is most sensitive to coherency errors, has been simulated to evaluate the performance impact of different coherency errors caused mainly by transmit frequency offsets.
It was found that the requirement on normalized coherency error should be below -20 dB and preferably below -23 dB. This corresponds approximately to a standard deviation of the frequency offset of 30 Hz and 20 Hz, respectively. Feedback from MS manufacturers on the feasibility of this is kindly requested.
It is also proposed that the TDMA frames during which the normalized coherency error is measured be spread out over several Fixed Uplink Allocations, between which the BTS transmits EC-PACCH/D to the MS, to allow the MS to update its frequency offset in between its transmissions.
The proposals above are included in a CR to 45.005 [3].
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