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On compact burst mapping
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].
This contribution investigates the earlier proposed use of compact burst mapping on the UL when in extended coverage to improve sensitivity performance.
It is concluded that compact burst mapping is not required for EC-EGPRS to fulfill the objectives of the EC-GSM WI, and can hence be excluded from the specification work.
The document is an update of a document submitted to the first telco on EC-GSM and eDRX. Updates are highlighted in red text.
Background
Compact burst mapping was added to the EC-GSM design after investigations in [4] where a 2 dB gain was observed in a no frequency hopping scenario when using blind repetitions, see Figure 1.
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[bookmark: _Ref433016769]Figure 1: Performance at 16 blind physical repetitions of compact burst mapping compared to current burst mapping on a no FH channel and iFH channel [4] .
The separation between instances of the same burst is with the normal burst mapping separated by four TDMA frames. With compact burst mapping, the bursts are instead mapped on consecutive TDMA frames. Both mapping options are shown in Figure 2 for EC-EGPRS using eight time repetition.
In the normal 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 2 the separation between the first and last burst repetition is only around 7 ms. This improves the time coherency of the transmission and hence the performance can be improved, as seen in Figure 1.
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[bookmark: _Ref409868024]Figure 2: Current burst mapping (left) and more compact burst mapping (right).
As is shown in Figure 2, the TTI is effectively prolonged by the use of compact burst mapping, and hence was not introduced in the DL where devices in different coverage will monitor the same DL channel. 
In [5] and [6] questions have been raised if compact burst mapping is required, and also if coherent transmission between TDMA frames is required (if not required there is no apparent gain with using the compact burst mapping).
Simulations
Assumptions
Simulation assumptions follow the ones in Annex C of [3]. In addition to these, some parameters are shown in Table 1. Note that 16 repetitions was used in the evaluations, and not eight as used in the example in Figure 2 
[bookmark: _Ref433020901]Table 1: Simulation parameters
	Parameter
	Value

	Max. Doppler spread
	1 Hz, 50 Hz

	Interference noise
	Noise, DTS-2 (see [7]), CO

	Frequency offset
	N(0,10), 25 Hz, 60 Hz

	# Blind repetitions
	16

	Frequency estimator
	Est. 1 
· Estimates a single frequency offset by correlation over all TS within a repetition period (within and across TDMA frames).
· 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 (assumes no phase coherency across 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 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
Sensitivity
The performance in a sensitivity limited environment is shown in Figure 3. N(0,10) is used as initial frequency offset. Apart from this, the frequency drift model described in [3] for EC-GSM is applied.
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[bookmark: _Ref433034058]Figure 3: Compact vs current burst mapping with different estimators - sensitivity.
[bookmark: _GoBack]Estimator 1 is superior when using compact burst mapping compared to the current burst mapping. Estimator 2 is insensitive to the mapping used while close to matching the performance of estimator 1 at compact burst mapping. Compact burst mapping is slightly better than current burst mapping in the cases simulated but the difference between estimator 1, compact burst mapping and estimator 2 current burst mapping is still limited to 0.3 dB.
Interference
CO
The performance in interference limited scenario is evaluated by a single co-channel interferer, see Figure 4.
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[bookmark: _Ref434958111]Figure 4. Compact vs current burst mapping with different estimators – interference CCI.
As can be seen the same trend as for sensitivity limited performance can be observed in case of CCI. In this case 0.1 dB performance difference is observed between estimator 1, compact burst mapping and estimator 2 current burst mapping.
DTS-2
The performance in interference limited scenario is also evaluated by DTS-2, see [7], consisting of 2 co-channel interferers, 1 adjacent-channel interferer and an added noise source. Also here N(0,10) is used as candidate specific frequency offset together with the frequency drift model in [3]. The interferers are non-repetitive.
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Figure 5: Compact vs current burst mapping with different estimators – interference DTS-2.
As can be seen the same trend as for sensitivity limited performance can be observed in case of multi-interference. In this case no performance difference is observed between estimator 1, compact burst mapping and estimator 2 current burst mapping.
Different MS speed
The performance at different MS speeds has also been investigated using 1.2 km/h and 50 km/h (1 Hz and 42 Hz Doppler spread respectively). Other settings are the same as in other simulations, using a candidate specific frequency offset of N(0,10).
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Figure 6: Compact vs current burst mapping with different estimators – different MS speed.
The same conclusion can basically be drawn from these simulations as from previous sets. I.e. that estimator 2 is performing similarly for current and compact burst mapping. From these simulations it can also be concluded that estimator 2 performs better than estimator 1 in a scenario with higher MS speed. Different optimizations can be done to both estimator 1 and estimator 2 in a high speed scenario, and it is reasonable that the estimators would perform equally well in a scenario of higher MS speed.
Different frequency offsets
Different frequency offsets can be seen as a providing similar effects to the signal as different MS speeds. However, the offset induced in these simulations is a constant offset without a drift during transmission. This is more to stress the implementation than to reflect a realistic scenario. An offset of 0, 40 or 80 Hz has been added to the received signal.
[image: ]
Figure 7: Compact vs current burst mapping with different estimators – different frequency offset.
As can be seen, estimator 1 is rather stable with different frequency offsets added to the signal with a maximum deviation of 0.4 dB (this estimator estimates the absolute frequency offset and compensates for it). For estimator 2 a difference in 0.7 dB is observed from 0 Hz to 80 Hz, while the difference is 0.2 dB for 40 Hz. It should be noted that no frequency compensation is made in this case by the algorithm applied, but rather blind accumulation within the TDMA frame is performed. An obvious improvement would be to apply a frequency offset compensation before accumulating bursts within the TDMA frame, which should minimize the degradation.
Compact burst mapping in 3GPP specifications
To introduce compact burst mapping, the current set of CRs to the 3GPP GERAN specifications have introduced an Extended TTI (ETTI) since the radio blocks are not strictly repeated but also re-mapped onto the frame, effectively extending the TTI.
The two different options of ETTI are shown in Figure 7.
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[bookmark: _Ref433052170]Figure 8. Extended TTI with EC-EGPRS (TTI shown in purple brackets)
If instead current burst mapping is used, Basic TTI (BTTI) is used by all radio blocks, and there is no need to introduce ETTI in the GERAN specifications. 
Conclusions
The document has evaluated the link performance of compact burst mapping and current burst mapping in a variety of scenarios. The conclusion from the investigations is that although compact burst mapping shows to provide some performance gains, it is not the order of magnitude that has earlier been shown in GERAN.
It is thus proposed to not apply compact burst mapping for EC-EGPRS specification work.
The main implication of this change in design is the removal of Extended TTI in previously submitted CRs to the EC-GSM WI.
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