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1 Introduction

GSM technology has been continuously improved by introduction of new features in the air interface standard and by enhanced signal processing of the received signals. Speech enhancements for AMR based on wide speech bandwidth (AMR-WB) and use of 8-PSK modulation in octal traffic channels (O-TCH) have been introduced in Rel-5, before Single Antenna Interference Cancellation (SAIC) has been introduced for GMSK modulation and standardized as DARP phase 1 in Rel-6. O-TCH channels are still the only way to provide highest quality voice services over GERAN.
SAIC for Higher Order Modulation has been proposed for tightening 8-PSK packet switched channels in another contribution [2]. In the present paper the performance results are extended to O-TCH circuit switched channels. These results shed new light on the assessment of O-TCH channels for speech quality and capacity enhancement. O-TCH analysis has been summarized most conclusively in [3] for Rel-5 legacy 8-PSK performance, therefore the new results presented here are selected and shown in easily comparable Figures. The limitations of TCH channels especially for AMR-WB, but also for AMR-NB, can be avoided by O-TCH channels at significantly better link performance than currently specified.
2 Simulation assumptions

The simulation assumptions are basically the same as in [2] and summarized in Table 1.
Table 1: Simulation assumptions

	Parameter
	Value

	Channel profile
	Static, TU3, TU50, RA250, HT100

	Frequency band
	900 MHz

	Interference
	Tables 1g, 2k and 2l in 3GPP TS 45.005 for 8-PSK 

	Interference modulation 
	Same modulation and pulse shaping filter as the wanted signal, random modulation bits, no training sequence included

	Used Codecs
	O-TCH/WFS, O-TCH/WHS, O-TCH/AHS

	Oversampling ratio for the radio path
	8

	Multipath propagation model 
	12-tap model (1) for Tu3, TU50, HT100;

model (2) for RA250 (acc. to Annex C of [1])

	Blind Detection
	Switched off, modulation type known

	Equalizer
	8-state DFSE for 8-PSK with interference suppression

	Receiver structure
	Equalizer and decoder are running once per timeslot/frame, no feedback, no iterations

	Receiver implementation
	floating-point

	Frequency offset
	None, but all timeslot-based estimations/corrections activated

	Rx filter
– Bandwidth

– RRC rolloff
	RRC

   270 kHz (3 dB bandwidth)

   0.3

	A/D-conversion of I/Q
	13 bit resolution, T/2 spaced sampling

	Noise figure
	8 dB

	Rx-Impairments 
	None (analysis in [2] applicable)

	DC offset
	None (comments in [2] applicable)

	Simulation time 
	200 sec (40 000 timeslots) per point


3 Simulation results
In this section, selected link level simulation results of the new SAIC receiver [2] for 8-PSK modulated O-TCH speech channels are shown. These Rel-5 channels have been deeply described in [3] (Section 2.1.3.1 and 2.1.3.3 provide a good overview regarding AMR-WB and AMR-NB). 
In sections 3.1 and 3.2, new O-TCH simulation results are shown for AMR-WB based on HR or FR allocation, respectively (for comparison with Section 6.7.4 in [3]). Section 3.3 presents new O-TCH simulation results for AMR-NB based on HR allocation (for comparison with Section 6.7.2 in [3]).

3.1 O-TCH/WHS performance
In this section interference performance for AMR-WB based on O-TCH HR allocation is analyzed based on link level simulation results. 
Figure 1 shows O-TCH/WHS co-channel interference performance of the new SAIC 8-PSK receiver and of a typical conventional 8-PSK receiver. The improvement for 1% FER can be seen in the range of 2.0 – 2.3 dB when taking this legacy 8-PSK receiver as reference. These results can also be directly compared with the O-TCH/WHS performance shown in Figure 6.47a of [3] as reference. In this case the improvement is even in the range of 2.3 – 2.6 dB (it is higher, because the conventional 8-PSK receiver assumed in Fig. 1 performs about 0.3 dB better than the one assumed in Figure 6.47a of [3]).
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Figure 1: O-TCH/WHS co-channel interference; new 8-PSK SAIC and legacy 8-PSK
Figure 2 shows again the O-TCH/WHS CCI performance of the new SAIC 8-PSK receiver (from Figure 1), but together with TCH/WFS CCI performance of a typical conventional GMSK receiver, not supporting SAIC. Comparing for the same AMR mode, 8-PSK HR requires only about 1.5 – 2.7 db higher C/I than GMSK FR, while for a conventional 8-PSK receiver the C/I needs to be at least 4 dB higher as can be seen from Figure 6.47a of [3], where the same comparison has been done.

Note about comparison between O-TCH and TCH channels (applies to Fig. 2, 4 and 6):
 Introduction of O-TCH not only changes the modulation of the wanted signal, but also changes the modulation of the interference from GMSK to a higher order modulation. The same happens with interference from EGPRS, EGPRS2, and (to some extend) also from VAMOS (only if the interfering VAMOS downlink is subject to strong subchannel power control or DTX, the interference can be considered as GMSK).

While the modulation type of interference and the dominant interference ratio (DIR) has well known impact on GMSK SAIC receiver performance, this is clearly not the case with the 8-PSK SAIC receiver considered in [2]. A fair comparison between TCH with GMSK SAIC (for GMSK modulated interference only and dependent on DIR) and O-TCH with new 8-PSK SAIC (independent of interference modulation and DIR) would be rather difficult. Therefore the comparison is based only on a conventional non-SAIC receiver for GMSK here (same assumption as in [3]). 
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Figure 2: O-TCH/WHS and TCH/WFS co-channel interference; new 8-PSK SAIC and legacy GMSK (see Note)
Figure 3 shows the O-TCH/WHS adjacent channel interference performance of the new SAIC 8-PSK receiver and of a typical conventional 8-PSK receiver. The improvement for 1% FER can be seen in the order of 9 dB when taking this legacy 8-PSK receiver as reference.
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Figure 3: O-TCH/WHS adjacent channel interference; new 8-PSK SAIC and legacy 8-PSK
3.2 O-TCH/WFS performance
In this section co-channel interference performance for AMR-WB based on O-TCH FR allocation is analyzed.

Figure 4 shows O-TCH/WFS CCI performance of the new SAIC 8-PSK receiver together with TCH/WFS CCI performance of a typical conventional GMSK receiver, not supporting SAIC (same as in Figure 2, same Note applies). For AMR codec modes 6.6, 8.85 and 12.65 (which are supported by both O-TCH and TCH), 3.3 – 4.7 dB advantage for 8-PSK performance can be seen in direct comparison over GMSK performance. The advantage is largest for the highest codec rate 12.65 that can be supported by a GMSK channel, as there is more room for the channel coding with 8-PSK channels. Comparing the highest codec modes which can be supported on O-TCH and TCH, the performance of the new 8-PSK SAIC receiver for codec mode 23.85 on O-TCH/WFS is better than the performance of the conventional GMSK receiver for codec mode 12.65 on TCH/WFS. 
These results can also be directly compared with the O-TCH/WFS performance shown in Figure 6.47b of [3] as reference. In this comparison, it becomes evident that the new 8-PSK SAIC receiver can operate the best codec mode 23.85 (from Figure 4) at a point of operation where a legacy 8-PSK receiver could operate only codec mode 15.85 (Figure 6.47b of [3]).
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Figure 4: O-TCH/WFS and TCH/WFS co-channel interference; new 8-PSK SAIC and legacy GMSK (see Note)
3.3 O-TCH/AHS performance
In addition to wideband AMR, the 8-PSK modulation can also be used to enhance performance for the narrowband AMR especially in the case of half-rate channels. In this section sensitivity and co-channel interference performance for AMR-NB based on O-TCH HR allocation is analyzed.

O-TCH/AHS channels provide higher AMR codec modes (12.2 and 10.2) and better bit error protection (for all bits, no class II) compared to TCH/AHS, which result in better speech quality (see Figure 6.42 and 6.43 in [3] for FER and MOS performance improvements).
Figure 5 shows O-TCH/AHS sensitivity performance of the new SAIC 8-PSK receiver together with TCH/AHS sensitivity performance of a typical conventional GMSK receiver, not supporting SAIC (in this case SAIC would not make a difference). For AMR codec modes 5.9 and 7.95, the FER performance is rather similar on O-TCH and TCH, resulting in better speech quality of the O-TCH by better bit error protection compared to TCH (but 8-PSK power backoff at the transmitter side not considered in link performance analysis FER vs. input level). For the lowest AMR codec mode 4.75, the FER performance is degraded by about 1.5 dB for 8-PSK compared to GMSK, as there is already sufficient redundancy for the channel coding on the GMSK channel.
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Figure 5: O-TCH/AHS and TCH/AHS sensitivity; new 8-PSK SAIC and legacy GMSK
Figure 6 shows O-TCH/AHS CCI performance of the new SAIC 8-PSK receiver together with TCH/AHS CCI performance of a typical conventional GMSK receiver, not supporting SAIC (same Note applies as for Figure 2). For AMR codec modes 4.75, 5.9 and 7.95 (which are supported by both O-TCH and TCH), 2.6, 3.8 and 5.1 dB advantage for 8-PSK performance can be seen in direct comparison over GMSK performance. The advantage is largest for the highest codec rate 7.95 that can be supported by a GMSK channel, as there is more room for the channel coding with 8-PSK channels. The new 8-PSK SAIC receiver can be used for the best narrowband AMR codec mode 12.2 on O-TCH/AHS at a point of operation where a legacy GMSK receiver (not supporting SAIC) could operate only codec mode 5.95 on TCH/AHS.

These results can also be directly compared with the O-TCH/AHS performance shown in Figure 6.42 of [3] as reference. This comparison confirms the significant improvements by new 8-PSK SAIC receiver compared to a legacy 8-PSK receiver for co-channel interference scenario. For example, a legacy 8-PSK receiver requires 4 dB higher C/I for codec mode 12.2 on O-TCH/AHS compared to a legacy GMSK receiver requires for codec mode 5.95 on TCH/AHS, while the new 8-PSK SAIC receiver accepts the same point of operation.

By introduction of O-TCH/AHS with advanced receivers, the speech quality can be significantly improved compared to TCH/AHS and TCH/HS, especially if the interference is not GMSK modulated (so that GMSK SAIC as provided in DARP phase 1 is improving less).
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Figure 6: O-TCH/AHS and TCH/AHS co-channel interference; new 8-PSK SAIC and legacy GMSK (see Note)
4 Summary of TS 45.005 link level performance
In this section, performance of the new SAIC receiver for higher order modulation [2] is characterized more completely for 8-PSK modulated O-TCH speech channels of Rel-5. Only selected codec modes are shown for simplicity, while the margins for the remaining codec modes are pretty similar.
Table 2 summarizes the achieved performance values at 1% FER for MS obtained according to TS 45.005 (Table 1g, Table 2k and Table 2l), assuming the simulation assumptions from Table 1 (Noise Figure = 8 dB). The margin to the specified values of TS 45.005 is shown in brackets.

Table 2: Overall Simulations according to TS 45.005

	DL GSM 900
	Static
	TU3 (FH)
	TU3 (nFH)
	TU50 (FH)
	TU50 (nFH)
	RA250 (nFH)
	HT100 (nFH)

	Reference performance (8 dB noise figure)

	O-TCH/AHS 12.2    (1%) 
	-105.1   (4.6)
	--
	--
	  -99.3   (4.3)
	  -99.2   (4.7)
	  -99.3   (5.3)
	  -97.8   (5.3)

	O-TCH/AHS   7.95  (1%)
	-106.5   (4.0)
	--
	--
	-101.1   (4.1)
	-101.0   (4.5)
	-101.3   (4.8)
	  -99.9   (5.4)

	O-TCH/AHS   5.9    (1%)
	-108.2   (4.7)
	--
	--
	-102.8   (4.3)
	-102.9   (4.9)
	-103.2   (4.7)
	-101.9   (5.4)

	O-TCH/AHS   4.75  (1%)
	-108.8   (4.3)
	--
	--
	-103.8   (4.3)
	-103.7   (4.2)
	-104.2   (4.7)
	-103.0   (5.5)

	O-TCH/WFS 23.85  (1%) 
	-104.9   (4.4)
	--
	--
	-100.8   (4.3)
	  -99.6   (4.6)
	-101.3   (4.3)
	  -99.4   (4.9)

	O-TCH/WFS 15.85  (1%)
	-107.5   (5.0)
	--
	--
	-103.6   (4.6)
	-102.3   (4.8)
	-104.1   (3.6)
	-102.4   (5.4)

	O-TCH/WFS 12.65  (1%)
	-108.7   (4.7)
	--
	--
	-104.9   (4.9)
	-103.6   (4.6)
	-105.3   (4.3)
	-103.8   (5.3)

	O-TCH/WFS   8.85  (1%)
	
	--
	--
	-106.4   (4.4)
	-105.0   (4.5)
	-106.9   (4.4)
	-105.6   (5.1)

	O-TCH/WFS   6.60  (1%)
	
	--
	--
	-107.4   (4.4)
	-105.8   (4.3)
	-107.8   (4.3)
	-106.5   (5.0)

	O-TCH/WHS 12.65  (1%)
	-104.9   (4.4)
	--
	--
	  -99.1   (4.5)
	  -99.2   (4.7)
	  -99.2   (5.7)
	  -97.6   (5.1)

	O-TCH/WHS   8.85  (1%)
	-106.1   (3.6)
	--
	--
	-100.8   (4.3)
	-100.7   (4.7)
	-101.0   (5.0)
	  -99.4   (5.4)

	O-TCH/WHS   6.60  (1%)
	-107.6   (4.6)
	--
	--
	-102.3   (3.8)
	-102.3   (4.3)
	-102.6   (5.1)
	-101.3   (5.3)

	CO-Channel Performance

	O-TCH/AHS 12.2    (1%) 
	--
	   10.0   (5.5)
	   17.1   (5.4)
	   10.1   (5.4)
	   10.3   (6.2)
	   11.1   (5.9)
	--

	O-TCH/AHS   7.95  (1%)
	--
	     8.3   (5.7)
	   15.4   (5.1)
	     8.3   (5.2)
	     8.5   (6.0)
	     9.2   (5.3)
	--

	O-TCH/AHS   5.9    (1%)
	--
	     6.4   (5.6)
	   13.6   (5.4)
	     6.4   (5.6)
	     6.6   (6.4)
	     7.3   (5.3)
	--

	O-TCH/AHS   4.75  (1%)
	--
	     5.4   (5.6)
	   12.4   (5.6)
	     5.5   (5.0)
	     5.7   (6.3)
	     6.3   (5.2)
	--

	O-TCH/WFS 23.85  (1%) 
	--
	     8.2   (5.3)
	   17.0   (5.5)
	     8.4   (5.1)
	     9.9   (6.1)
	     8.9   (4.6)
	--

	O-TCH/WFS 15.85  (1%)
	--
	     5.4   (5.6)
	   14.1   (5.9)
	     5.4   (5.6)
	     6.8   (6.7)
	     6.1   (4.4)
	--

	O-TCH/WFS 12.65  (1%)
	--
	     4.1   (5.4)
	   13.0   (5.5)
	     4.1   (5.4)
	     5.7   (5.8)
	     4.8   (4.7)
	--

	O-TCH/WFS   8.85  (1%)
	--
	     2.5   (5.5)
	   11.6   (5.4)
	     2.5   (5.0)
	     4.0   (6.5)
	     3.3   (4.2)
	--

	O-TCH/WFS   6.60  (1%)
	--
	     1.6   (5.4)
	   10.7   (5.3)
	     1.6   (5.4)
	     3.0   (6.5)
	     2.4   (4.1)
	--

	O-TCH/WHS 12.65  (1%)
	--
	   10.3   (5.2)
	   17.3   (5.2)
	   10.3   (5.2)
	   10.5   (6.5)
	   11.2   (5.8)
	--

	O-TCH/WHS   8.85  (1%)
	--
	     8.7   (5.3)
	   15.8   (5.2)
	     8.7   (5.3)
	     9.0   (6.0)
	     9.3   (5.7)
	--

	O-TCH/WHS   6.60  (1%)
	--
	     6.9   (5.1)
	   14.0   (5.5)
	     7.0   (5.0)
	     7.3   (6.2)
	     7.7   (5.3)
	--

	Adj1 Performance

	O-TCH/AHS 12.2    (1%) 
	--
	 -13.9   (12.4)
	   -7.2   (12.2)
	 -13.8   (11.8)
	 -13.7   (12.7)
	 -13.7   (13.2)
	--

	O-TCH/AHS   7.95  (1%)
	--
	 -15.8   (12.3)
	   -9.2   (12.2)
	 -15.7   (11.7)
	 -15.7   (12.7)
	 -15.8   (12.3)
	--

	O-TCH/AHS   5.9    (1%)
	--
	 -18.0   (12.0)
	 -11.7   (13.2)
	 -18.0   (11.5)
	 -18.0   (12.5)
	 -18.2   (11.7)
	--

	O-TCH/AHS   4.75  (1%)
	--
	 -19.4   (11.9)
	 -13.1   (13.6)
	 -19.3   (11.8)
	 -19.2   (12.2)
	 -19.6   (12.1)
	--

	O-TCH/WFS 23.85  (1%) 
	--
	 -15.7   (11.7)
	   -7.0   (12.0)
	 -15.7   (11.7)
	 -14.3   (12.3)
	 -16.0   (12.0)
	--

	O-TCH/WFS 15.85  (1%)
	--
	 -18.8   (11.8)
	 -10.7   (12.7)
	 -18.8   (11.8)
	 -17.3   (12.3)
	 -19.1   (12.1)
	--

	O-TCH/WFS 12.65  (1%)
	--
	 -20.3   (11.3)
	 -12.2   (12.7)
	 -20.3   (11.3)
	 -19.0   (12.0)
	 -20.5   (11.5)
	--

	O-TCH/WFS   8.85  (1%)
	--
	 -22.4   (11.9)
	 -14.0   (13.5)
	 -22.3   (11.3)
	 -21.0   (12.0)
	 -22.5   (12.0)
	--

	O-TCH/WFS   6.60  (1%)
	--
	 -23.5   (11.5)
	 -15.7   (14.2)
	 -23.5   (11.5)
	 -22.1   (12.1)
	 -23.7   (12.2)
	--

	O-TCH/WHS 12.65  (1%)
	--
	 -13.7   (11.7)
	   -7.0   (12.0)
	 -13.6   (11.6)
	 -13.6   (12.6)
	 -13.7   (13.7)
	--

	O-TCH/WHS   8.85  (1%)
	--
	 -15.4   (11.4)
	   -8.8   (11.8)
	 -15.4   (11.9)
	 -15.3   (12.3)
	 -15.7   (12.7)
	--

	O-TCH/WHS   6.60  (1%)
	--
	 -17.4   (11.4)
	 -10.9   (12.9)
	 -17.4   (11.4)
	 -17.3   (12.3)
	 -17.7   (12.2)
	--


Values in brackets show margin to TS 45.005 specification (Table 1g, Table 2k and Table 2l)

The margin values look pretty consistent in Table 2 throughout all codec modes and channel profiles. This indicates that the specification of O-TCH channels in Rel-5 has been done very consistently (more consistent then the EGPRS specification which is taken as reference in [2]). Based on new 8-PSK SAIC performance presented in this paper (also taking impairments and fixed point implementation into account, see [2]), the O-TCH specification in TS 45.005 could be tightened by e.g. 

· 2 – 3 dB for sensitivity, 
· 3 – 4 dB for co-channel interference, and 
· 6 – 8 dB for adjacent channel interference.
5 Conclusions

The new 8-PSK SAIC results show far better link performance for O-TCH compared to the current Rel-5 specification. With rate adaptation, this can improve network capacity and speech quality. Deployment of O-TCH is the only way to achieve best speech quality by the highest codec modes of AMR-WB and AMR-NB (with HR). Deployment of O-TCH in combination with improved 8-PSK receivers may complement VAMOS, which enhances network capacity while only maintaining speech quality of TCH channels and accepting their codec mode limitations.
Especially when assuming that the interference is often not GMSK modulated, there is strong link performance gain for the higher codec modes of both AMR-WB and AMR-NB on O-TCH channels compared to TCH channels. This FER improvement in combination with better bit error protection results in more improvement of speech quality. 

Tightened MS specification for O-TCH should be considered in a new DARP phase 3, which has already been proposed for EGPRS improvement [2]. This will provide significant capacity gains for high quality speech channels and offer the highest codec modes of both AMR-WB and AMR-NB even in case of HR resource allocation.
6 References

[1] 3GPP TS 45.005, V8.4.0; Radio transmission and reception; (Release 8), 2009-02 
[2] GP_091242, Single Antenna Interference Cancellation for Higher Order Modulation,
     Source Com-Research, GERAN #43, August 2009
[3] T. Halonen, J. Romero and J. Melero (eds), GSM, GPRS and EDGE Performance, 2nd Edition,
     John Wiley & Sons, 2003


































































































































































































































Page 1 of 10
Page 22 of 8

Page 2 of 10

