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Mitigation of CCI on EC-PDTCH/D and 
EC-PACCH/D for higher coverage classes

Introduction
At the EC-GSM Telco#2, simulation assumptions for networks supporting EC-EGPRS with tighter BCCH reuse were presented [1]. Among the open issues is the modelling of interferers (WA 6.1) according to realistic interferer models. At the EC-GSM Telco#2 inclusion of the multi-interferer profile was raised by the sourcing company to take into account the tighter BCCH reuse causing to move co-channel interferers closer to the victim receiver. At the EC-GSM Telco#3, the CCI impact in synchronous networks from simultaneous blind physical layer transmissions in the wanted signal and an EC-EGPRS co-channel interferer was discussed [2]. For the case of full overlap, it was shown that the blind physical layer transmissions only improve the robustness against noise, but not the CCI performance: in CC2, for example, the IQ accumulation of 4 timeslots will result in the same gain of 12 dB for the interference level as for the signal level because the CCI adds up coherently, too. This is a worst case consideration, but the worst case is not felt that unlikely that it can be ignored. There are synchronous networks in the field, and when a network is operated with a tight reuse factor, CCI will play a key role. 
This document is an update of [5]. Major changes are marked by red text.
At the EC-GSM Telco#4, further investigation [3] and a model [4] were proposed.
[bookmark: _GoBack]On the BCCH layer of a cell supporting EC-EGPRS, higher coverage class transmissions using CC2 to CC4 with 4 timeslots per TDMA frame can be accommodated on 3 timeslot configurations only (TN2 to TN5, TN3 to TN6, and TN4 to TN7). On the traffic layer, 5 timeslot configurations are possible for the transmissions using CC2 to CC4, two of which are particularly attractive (TN0 to TN3 and TN4 to TN7) because these timeslot intervals do not overlap and hence allow for most efficient use of the resources. Hence in both layers even a full overlap of the blind physical layer transmission rhythms of wanted signal and interferers can easily occur in synchronous networks if a relevant share of users are EC-EGPRS devices operating in CC2 to CC4.
In this paper, we propose a simple and effective mitigation of CCI on the EC-PDTCH/D and EC-PACCH/D for the worst case that the wanted signal and the interferers have the same rhythm of blind physical layer transmissions.
Mitigation of coherent CCI in blind physical layer transmissions
For the UL, OLCDMA was proposed for multiplexing up to 4 users by orthogonal codes using the same UL resource in the same cell. In the DL, a very similar approach can be introduced for mitigating DL CCI from other cells. The CCI mitigation in the DL direction is particularly beneficial because the low-cost EC-EGPRS devices cannot be assumed to have as powerful interference cancellation capabilities as the BTS receivers equipped with (at least) 2 antennas.
For blind physical layer transmissions over four timeslots, there are only four Walsh-Hadamard codes providing orthogonality. Since the network planning may be based on 8 "colour codes", reflected by a distribution of TSC numbers across the cells and aiming at minimizing CCI with the same TSC number, it is desirable to have also 8 rather than just 4 codes for the CCI mitigation. The 8 codes will then not be orthogonal. However, orthogonality will not be needed because non-coherent interference is not orthogonal either. The purpose is only to achieve at least some C/I improvement by blind physical layer transmissions, not to cancel coherent interferers.
For the issue whether the CCI adds up constructively throughout all 4 bursts belonging to a blind physical layer transmission, the phase relationship between the 4 bursts is relevant, not the absolute phase. Hence without loss of generality, a fixed phase can be assumed in one of the four bursts. The polarity of the other 3 bursts has to be signalled by a 3 bit cell-specific "scrambling code"; for example 1 bit for the polarity in TN1 and TN5, another bit for the polarity in TN2 and TN6, and the last bit for the polarity in TN3 and TN7.
Assuming CCI between two BCCH carriers with constant Tx power and that the network planning prevents coherent, repeated CCI with the same scrambling code, the worst case is that
- the scrambling codes of wanted signal and interferer differ in only one bit and that the corresponding timeslot with the different bit (e.g. TN7) has non-coherent interference ( no cancellation despite the different sign),
- the three bursts with equal burst polarity of wanted signal and interference (e.g. TN4 to TN6) suffer from coherent, repeated CCI.
In this case, assuming 4 blind physical layer transmissions (CC2), the interference power increases by
- an amplitude factor of 3  power factor of 9 for the 3 bursts with coherent CCI (TN4 to TN6 in the example)
- plus 1 for the power of the non-coherent CCI in the remaining burst (TN7 in the example)  total power factor of 10 (= 10 dB).
This means that the wanted signal level increases by 12 dB whereas the interference power only increases by 10 dB, hence the C/I improves by 2 dB in CC2 with 4 blind physical layer transmissions. 
For higher coverage classes than CC2, blind physical layer transmissions from different TDMA frames will be combined. Since coherency will not be requested across different TDMA frames, the CCI performance gains by blind physical layer transmissions may depend on how similar the phase shifts of the wanted signal and the co-channel interferer across the TDMA frame boundaries are. A randomization of the absolute phase for each TDMA frame can significantly reduce the risk that the wanted signal and the CCI have a similar phase shift from one TDMA frame to the next. In the following, the worst case is assumed that the wanted signal and the CCI have even the same phase shift from one TDMA frame to the next. This is more pessimistic than the model in [4]. Furthermore, it is assumed that all blind physical layer transmissions are kind of IQ combined before the equalization.
Now assuming the same CCI case with 8 blind physical layer transmissions (CC3 assigned to the wanted signal and CC3 or CC4 to the co-channel interferer), the interference power increases by
- an amplitude factor of 6  power factor of 36 for the 6 bursts with coherent CCI (TN4 to TN6 in the example)
- plus 2 for the power of non-coherent CCI in the remaining 2 bursts (TN7 in the example)  total power factor of 38 (= 15.8 dB).
This means that the wanted signal level increases by an amplitude factor of 8, i.e. 18.1 dB, whereas the interference power only increases by 15.8 dB, hence the C/I improves by 2.3 dB in CC3 with 8 blind physical layer transmissions.
Similarly, with 16 blind physical layer transmissions in CC4 (of both wanted signal and co-channel interferer) and again an overlap in the 3 out of the 4 timeslots per TDMA frame where the scrambling codes do not differ, the interference power increases by
- an amplitude factor of 12  power factor of 144 for the 12 bursts with coherent CCI (TN4 to TN6 in the example)
- plus 4 for the power of non-coherent CCI in the remaining 4 bursts (TN7 in the example)  total power factor of 148 (= 21.7 dB).
This means that the wanted signal level increases by an amplitude factor of 16, i.e. 24.1 dB, whereas the interference power only increases by 21.7 dB, hence the C/I improves by 2.4 dB.
For a receiver implementation that
- equalizes the blind physical layer transmissions in each TDMA frame separately
- and then performs soft combining across the TDMA frames,
it is important at very low C/I to achieve a gain by IQ accumulation already inside a TDMA frame in order to obtain useful soft values. If the soft values for a single burst are more or less random and the Rx signal (combination of wanted signal and CCI) is the same in each burst, the soft values will not be better after IQ accumulation over the 4 bursts of a TDMA frame. In CC3 and CC4, subsequent soft combining of random soft values from the different TDMA frames will hardly improve the decoding performance. Hence for such a receiver implementation, the gain calculated above for CC2 is most important. Contrary to what the model in [4] suggests for coverage classes higher than CC2, only very little CCI performance improvement may be achievable at very low C/I by blind physical layer transmissions with
- full overlap between the wanted signal and the repeated CCI and
- soft combining between the TDMA frames
without the proposed mitigation.
SIGNALLING 
The cell-specific 3 bit scrambling code needs to be known by the device for the correct detection. Different options exist:
a. The scrambling code to be used in the cell on the dedicated channel, i.e. on EC-PDTCH/D and EC-PACCH/D, is broadcast on the EC-BCCH. It is read by the device before any system access is made. 
b. The scrambling code to be used on the dedicated channel is indicated in the channel assignment command sent on the EC-AGCH. This allows higher flexibility, e.g. to assign different scrambling code(s) to users in a cell based on the determined interference situation.
c. The scrambling code to be used on the dedicated channel equals the TSC number on the dedicated channel. Hence if the network planning avoids CCI with the same TSC number as the TSC number of the wanted signal, the CCI will use also a different scrambling code. No additional signalling is needed.
d. The scrambling code to be used on the dedicated channel is derived from the BSIC of the cell. It is assumed that the BSIC is connected to the TSC used in the cell. Hence coupling the scrambling code to the BSIC yields as in option c reduced interference in higher coverage classes from co-channel interferers with a different TSC. Also with this option, no additional signalling is needed.
Whilst the options a and b provide the possibility to reconfigure the scrambling code assignment, the options c and d have the advantage that they do not require any additional signalling.
Complexity
The scrambling code operation is neither a complex operation for the BTS nor for the device.
In the BTS transmitter, the bits of the GMSK bursts belonging to blind physical layer transmissions have to be inverted in the timeslots for which the scrambling code indicates inverted polarity. Inverting bits is a very simple operation.
In the CIoT device receiver, the IQ samples of the timeslots for which the scrambling code indicates inverted polarity have to be subtracted rather than added in the IQ accumulation. This will not cause much extra effort.
Contrary to the OLCDMA on the UL, the receiver need not perform multi-user detection. Instead, the scrambling codes help the receiver in higher coverage classes to cope with synchronously repeated CCI.
CONCLUSION
In this paper, the impact of repeated interference onto the receiver performance of EC-EGPRS devices is considered and mitigation by scrambling is proposed. The worst case w.r.t. CCI for radio links in higher coverage classes is that in a synchronous network, the interference uses blind physical layer transmission during the same timeslots of the TDMA frame, because in this case the wanted signal and the interference will have the same gain by the IQ accumulation due to the full overlap. Hence in this worst case, there is no gain by blind physical layer transmissions. This case is expected to be in particular relevant in synchronous networks with tight frequency reuse and higher penetration of EC-EGPRS users in CC2 to CC4.
With the proposed mitigation by scrambling, the new worst case is different. It consists of a partial overlap, and in this new worst case, blind physical layer transmissions improve the C/I already by 2 dB in CC2 at constant interference power. Only simple modifications – in terms of both signalling and computational complexity – are needed to implement the proposed mitigation. Hence with very little effort, the problem of synchronous repeated interference in higher coverage classes can be effectively mitigated. In particular in synchronous networks, this will help operate EC-EGPRS with tight frequency reuse.
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