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On Tx diversity for EC-GSM-IoT
Introduction
[bookmark: _GoBack]In GSM networks today, the network may make use of hardware capabilities to provide different means to achieve Tx diversity. Depending on the approach used, the propagation channel experienced by the MS due to the Tx diversity might vary between TDMA frames. For EC-GSM-IoT this might have impact to the receiver algorithm used by the MS and hence a TX_DIVERSITY parameter has been included in EC SI. However, the MS would not know the value of this parameter until it has acquired EC SI on the EC-BCCH. This contribution addressed if there are any implications due to this limitation. Also, the benefits of knowing this parameter for logical channels used after EC SI acquisition is investigated.
Possible implications
General simulation assumptions
The approach taken by companies evaluating different EC-channel performance in the GERAN work has been that for a channel that is close to stationary, IQ accumulation is used. This means that two received bursts are accumulated on IQ level before performing the synchronization, channel estimation, equalization etc. Since no coherency can be assumed between TDMA frames, a random phase need to be estimated, which is then used to compensate the phase on one of the bursts, before burst combination. The random phase is typically estimated based on correlation. Correlation requires the two bursts to be identical for ideal performance, and this is not the case if Tx diversity is used (since the modulated signal will be convolved with two different radio propagation channel realizations). However, on the flip side Tx diversity increases the diversity in the transmission, and hence the chance of receiving a burst with high energy, possible to decode, is increased.
The different cases have been investigated by simulations. Three different cases have been investigated:
· 1.2 km/h no FH
· 1.2 km/h ideal FH
· 1.2 km/h cyclic frequency hopping over 2 frequencies
The latter condition is to model the more typical performance one could expect from the most commonly used Tx diversity scheme that would set TX_DIVERSITY=1, i.e. antenna hopping (with 2 Tx antennas). In this case, two different propagation channels would be experienced by the MS, typically in each even TDMA frame one propagation channel, and in each odd another propagation channel.
Both Typical Urban (TU) and Hilly Terrain (HT) propagation channels have been investigated in most conditions to test two extreme cases of channel profiles, which might have an impact on the correlation performance.
EC-SCH
The EC-SCH is repeated 28 times over 28 TDMA frames, see B in Figure 1.


[bookmark: _Ref450057513]Figure 1: EC-SCH mapping
Figure 2 the EC-SCH performance has been simulated using soft combination between 51 multiframes since different cyclic shifts are used in each 51 multiframe. However, within the 51 multiframe, IQ accumulation is always used, irrespective of the use of TX diversity or not
The performance shows that in a scenario of Tx-diversity from the network, the MS can safely use IQ combination between the 7 TDMA frames within each 51 multiframe and still achieve as good performance as if TX-diversity is not used (‘no FH’).
[image: ]
[bookmark: _Ref450057804]Figure 2: EC-SCH performance in different channel propagation conditions
EC-BCCH
The next logical channel to be decoded by the MS where the actual TX_DIVERSITY parameter can be read is the EC-BCCH.
	[image: ]
Figure 3: EC-BCCH performance in different channel propagation conditions
As can be seen, the performance is improved in both cases where TX diversity is assumed to be used (‘TU ideal’ and ‘TU, cyclic’), but when the MS still accumulates all bursts received.
Signal level measurements
Another activity performed by the MS when performing cell selection is the measurement of RLA_EC to estimate the signal level of different cells to select the most suitable one to camp on.
Also here there could be problems in the estimation of the true signal strength in case Tx diversity is used, if the MS is not aware of it.
The average difference between the true signal level and the estimated signal level is shown in Figure 4. In these simulations the signal estimate is done based on 7 EC-SCH bursts by correlation to reach a signal estimate. For the true signal level reference the signal level is linearly averaged over the 7 bursts received. This is referred to as the signal level estimation “per sample”. This is the same terminology used in earlier investigations in [1]. More details on the estimation procedure and previous results can also be found in [1].
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[bookmark: _Ref450467778]Figure 4: Mean signal level estimation error per sample
As can be seen (and as expected), the signal strength is under-estimated in the case of ideal FH and cyclic FH since the correlation will, even in ideal radio conditions, be sub-optimum. The under-estimation is in the order of 0-2 dB. At more extreme coverage conditions, the diversity estimation actually outperforms the estimation without diversity (‘no FH’).
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[bookmark: _Ref450468397]Figure 5: Standard deviation per sample
Looking at the standard deviation (see Figure 5) of the estimate, the range of ‘no FH’ is roughly 0-2 dB, while for Tx diversity (‘ideal FH’ and ‘cyclic FH’) the range is around 1-2 dB. Furthermore, the standard deviation does not converge to 0 dB standard deviation in case of Tx diversity in good radio condition, which again reflects that sub-optimum performance of using a correlation based estimate when the signals being correlated have propagated through different radio channels.
What is more important however for system performance is the estimate over time, which is used to rank different cells, and estimate the coverage class. This is in the specification referred to as RLA_EC and is a sample of [5] samples taken over at least [5] seconds. In the figure below, the different samples are taken from uncorrelated radio propagation channels, which is well justified by 1 second exceeding the coherence time of a 1.2 km/h channel. The metric is referred to as being taken “over samples”.
[image: ]
Figure 6: Mean signal level estimation error over samples
As can be seen, the average error is underestimated irrespective of the propagation channel experienced. An obvious correction could be done to compensate for this underestimation where for example 1 dB is added to the estimate in which case the ’no FH’ ends up at roughly 0.5 dB overestimation, ‘ideal FH’ at -1 dB underestimation, and ‘cyclic FH’ at -1.5 dB underestimation. 
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Figure 7: Standard deviation over samples
Looking at the standard deviation of the estimate it is seen that the diversity introduced both by the ‘cyclic FH’ and ‘ideal FH’ seems to more than compensate for the sub-optimum correlation in the signal level estimation.
Analyzing all results above it is concluded that Tx diversity used by the network will have an effect of the MS ability to estimate the signal level of a specific cell. For most cells, the signal strength would be under-estimated, but the estimation will also be varying less (smaller standard deviation). If a cell and its surrounding cells would use Tx diversity the impact on cell (re)selection would be less since cells are ranked, taking all estimates into account, and the ranking would be the same if for example all cells are reduced by X dB in their estimates. However, the path loss criterion of the cell (C1) could possibly be modified to take the knowledge of the MS under-estimating the signal strength into account by adjusting the RXLEV_ACCESS_MIN parameter.
Performance of channels after acquisition of TX_DIVERSITY flag
General
After acquiring the TX_DIVERSTIY flag the MS could make use of different Rx algorithms depending on the state of the flag. Typically one could apply IQ accumulation over bursts where the channel propagation can be considered stationary, but then apply soft combining between accumulated bursts where the channel is expected to significantly change. 
CC4 performance is investigated below where IQ accumulation would be done over the four bursts of a TDMA frame (“IQ4”) where even in case of ideal FH, the channel propagation can be considered stationary since the frequency hopping is applied between the TDMA frames.
Alternatively the MS could apply IQ accumulation over all bursts. For EC-PDTCH/D this is done over at most 16 bursts (“IQ16”) since the block consists of four different bursts, while for EC-PACCH/D this can be done over all 64 bursts transmitted (“IQ64”) since the block consists of a single burst.
EC-PDTCH
As can be seen, the performance for EC-PDTCH/D is improved significantly by ‘ideal FH’ reaching roughly the same performance for ‘IQ4’ and ‘IQ16’. This basically implies that the loss in coherency is compensated for by an increase in diversity. For cyclic frequency hopping, the added diversity is “only” one additional propagation channel, and here the loss in coherency is more evident, not reaching the same performance as ‘no FH’. More importantly for the discussion on the use of the broadcasted parameter TX_DIVERSITY, it seems the performance is best by using all IQ accumulation in all cases, except for the ideal FH case where a slight degradation is observed.
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Figure 8: EC-PDTCH/D performance in different channel propagation conditions
EC-PACCH
Investigating the same performance for EC-PACCH/D the same trend is seen, but here it can be concluded that using IQ accumulation over all bursts, is always superior. Hence, the MS would not have additional use of the TX_DIVERSITY flag being broadcasted.
[image: ]
Figure 9: EC-PACCH/D performance in different channel propagation conditions
Conclusion
The document has investigated the possible problem with no knowing the state of the TX_DIVERSITY flag broadcast in EC SI for activities performed prior to acquiring it (signal level measurements, EC-SCH and EC-BCCH decoding performance). It is concluded that performance is superior or acceptable when using TX-diversity and the MS assuming no diversity is used.
More of interest is the investigation of EC-PDTCH and EC-PACCH performance where it has been shown that the MS could use full IQ accumulation irrespective of the flag state, and still achieve better performance in almost all scenarios investigated.
It is hence proposed to exclude TX_DIVERSITY from EC SI. This has little impact on the core spec 44.018, where the parameter would simply be removed from EC SI. More positive impact would be seen to 45.005 where requirement on TU1.2iFH can be removed for logical channels EC-SCH, EC-BCCH and EC-CCCH/D.
This conclusion has been taken as a basis for drafting CRs to the GERAN#70 meeting in [2].
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