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MUROS Interference Performance 

of DARP capable MS

1 Introduction

In this contribution, the co-channel and adjacent channel interference performance of legacy DARP capable MS receiving a MUROS sub channel is compared with the original reference interference performance of the GSM system. This simplified approach is considered as a relevant step for studying MUROS feasibility and conclusion about introduction of MUROS into GSM core specs. The contribution is an updated version of AHG1-080007.
2 Simulation assumptions

2.1 MUROS signal 

In this paper, the MUROS signal is assumed to be a superposition of two orthogonal GMSK signals which represent the sub channels assigned to different users on the same slot. This can be considered as a good approximation for MUROS signal generation by QPSK symbol mapping with (/2 rotation and linearized GMSK TX pulse shape, as expected and verified already before [GP-071807]. 
Legacy training sequence codes (TSC) are applied to the first sub channel to make it fully compatible with legacy MS. For the second sub channel, TSC proposed in [GP-070214] are assumed. The pair TSC 0 is chosen from the combined TSC set for the simulations. DTX is not applied, so that both sub channels are continuously present.
In summary, the simulation results are directly applicable to the original proposal of OSC by Nokia (assuming (/2 rotation and legacy pulse shape) [GP-070214], and also comparable with the proposal by Qualcomm [GP-071738]. Proposals for modified modulation constellation [GP-080114], [GP-080171] and user diversity [GP-080170] are not considered here for simplicity, while they are expected to deliver their benefit for MUROS in a way compatible with the conclusions of this paper.
2.2 MUROS interference scenarios

The MUROS downlink simulations in this paper are focusing on single interferer scenarios. For the single co-channel interferer case, assumptions compliant with MUROS Test Scenario 1 (MTS-1) are applied, which has already been agreed at an offline session during GERAN #37 [GP-080393]. The classical co-channel and adjacent channel interference test scenarios of TS 45.005 are generalized here based on the following assumptions:

· The wanted signal is a MUROS/OSC signal as described before. Let C denote the total power of this signal (i.e. carrying 2 sub channels) at the MS antenna connector. (Note: This definition is in contrast to earlier assumptions in NXP simulations [GP-071807], which were considering only the power of the wanted sub channel in case of OSC.)
· The interfering signal is either a GMSK modulated signal, a MUROS/OSC signal as described before, an 8-PSK modulated signal or Gaussian noise filtered with the linearized GMSK TX pulse shape, centered either at 0 or 200 kHz offset from the wanted signal. The filtered Gaussian noise is applied either faded (as a model for higher order modulation) or without fading (as a model for many interferers). Let I denote the total power of this signal at the MS antenna connector.
These definitions of C and I facilitate interpretation of link level performance characterization based on C/I for the network planning. Impact of replacing a GMSK modulated channel by a MUROS channel can most easily be assessed, while for the interferer also a MUROS channel can be assumed, but also more challenging interference (like 8-PSK modulated channels reflecting interference from EGPRS, or colored Gaussian noise which can be considered as a pessimistic model for representing interference from EGPRS2 or from a mixture of interferers).
2.3 Legacy SAIC receiver

A legacy SAIC receiver has been applied, which is also designated as mono interference cancellation (MIC) receiver. The fixed point simulation used here is bit-exact to this SAIC receiver implementation in DARP phase 1 capable phones, which are widely present in the market.
MUROS downlink performance simulations have been performed for the first sub channel of the MUROS/OSC signal. Performance of the second sub channel, which requires a modification of the MS receiver algorithm to cope with the orthogonal TSC, can be reasonably supposed to be at least as good (compared to the first sub channel) and has therefore not been included here.
2.4 Other simulation parameters

Models reflecting the impairments of BTS transmitter and MS receiver have been included in the simulations.

MUROS downlink simulations presented in the following have been performed for channel profile typical urban, terminal speed 50 km/h (TU50) and no frequency hopping (no FH) in the 900 MHz band. 
The results in the following section cover frame erasure rate (FER) of all narrow-band speech channels for single co-channel (MTS-1) and adjacent channel interference displayed over the carrier to interferer ratio C/I (= C/I1) as defined above. 
To avoid any risk of confusion between MUROS speech channels and stand-alone speech channels based on GMSK modulation, the MUROS based traffic channels simulated here are denoted MTCH, e.g. MTCH/FS instead of TCH/FS.
3 MUROS DL performance simulation results

Figure 1 shows legacy SAIC receiver performance for the reception of MTCH/FS on the first sub channel of a MUROS signal under single co-channel and adjacent channel interference conditions. A variety of different modulation schemes has been applied for the interferer, which is present in the same or the adjacent channel. 
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Figure 1: MUROS DL interference performance of FR codec

In this MTCH case, the legacy SAIC receiver can consider the second sub channel of the MUROS/OSC signal as a dominating interferer, even though this signal component is received through the same fading channel as the wanted signal. As a result, the SAIC receiver cannot cancel the additional co-channel or adjacent channel interference as efficiently as in case of a classical GMSK modulated TCH wanted channel. For this reason, the dependency on the specific type of interference is rather limited. In the interesting range of operation, performance for co-channel GMSK interference is only about 2 dB better than for MUROS or 8-PSK interference. Even Gaussian noise filtered with the linearized GMSK TX pulse shape and fading does not degrade performance any more and can be considered to represent EGPRS2 modulation and coding schemes. Filtered Gaussian noise without fading can be considered to represent any mixture of co-channel interferers and causes an additional degradation of about 1dB in this case, but this difference also vanishes at about 1% FER. The performance for adjacent channel interference is nearly independent from the modulation type of the interferer.
The legacy SAIC receiver shows quite significant results for MTCH in terms of interference levels. For comparison, the basic performance requirements for the classical stand-alone TCH/FS GMSK modulated channel are depicted by red squares, which are based on reference interference ratio C/Ic = 9 dB for co-channel interference condition and C/Ia1 = -9 dB for adjacent channel interference condition (Section 6.3 and Table 2 of [45.005], i.e. before introduction of SAIC/DARP). 
As explained before, the MTCH signal model is much more challenging than TCH by 

1. adding a second sub channel for serving another user as part of the wanted signal and 

2. receiving in fact only half of power C for the wanted first sub channel.

Nevertheless the performance is in close vicinity of the performance targets of the classical GMSK based TCH (MTCH only 1.3 dB worse for co-channel scenario in case of non-GMSK interferer, meeting the point for adjacent channel scenario). 
In the same way Figure 2 shows legacy SAIC receiver performance for the reception of MTCH/EFS in comparison with the requirements for TCH/EFS. The situation is very similar to that described with Figure 1.
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Figure 2: MUROS DL interference performance of EFR codec

Figure 3 shows legacy SAIC receiver performance for the reception of MTCH/AFS5.9 in comparison with the requirements for TCH/AFS5.9. Also in this case of better error protection, the situation is again very similar to that described with Figure 1.
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Figure 3: MUROS DL interference performance of AMR full rate 5.9

Figure 4  and Figure 5 show legacy SAIC receiver performance for the reception of MTCH/HS (in comparison with the requirements for TCH/HS) and of MTCH/AHS5.9 (in comparison with the requirements for TCH/AHS5.9), respectively. Also for these half rate channels, the situation is very similar to that described with Figure 1.
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Figure 4: MUROS DL interference performance of HR codec
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Figure 5: MUROS DL interference performance of AMR half rate 5.9

Table 1: Margin of MUROS DL interference performance for speech channels. 
Co-channel and adjacent channel simulation results achieved for MTCH in terms of C/I at given FER, colored Gaussian noise faded interference, margin compared to TCH requirements [45.005].
	Speech channel
MTCH/ (or TCH/)
	FER [%]
	C/Ic [dB]
	C/Ia [dB]

	
	
	TCH

Req
	MTCH

Ach
	Margin
	TCH

Req
	MTCH

Ach
	Margin

	FS 
	6.000
	9.0
	10.3
	-1.3
	-9.0
	-8.8
	-0.2

	EFS 
	9.000
	9.0
	10.0
	-1.0
	-9.0
	-9.2
	0.2

	HS 
	5.000
	9.0
	10.4
	-1.4
	-9.0
	-8.7
	-0.3

	AFS 12.2
	6.000
	9.0
	10.8
	-1.8
	-9.0
	-8.3
	-0.7

	AFS 10.2
	2.700
	9.0
	10.8
	-1.8
	-9.0
	-8.4
	-0.6

	AFS 7.95
	0.510
	9.0
	10.6
	-1.6
	-9.0
	-9.7
	0.7

	
	5.300
	6.0
	7.6
	-1.6
	-12.0
	-14.7
	2.7

	AFS 7.4
	0.560
	9.0
	10.6
	-1.6
	-9.0
	-9.3
	0.3

	
	5.400
	6.0
	7.6
	-1.6
	-12.0
	-14.4
	2.4

	AFS 6.7
	0.210
	9.0
	10.8
	-1.8
	-9.0
	-9.8
	0.8

	
	2.900
	6.0
	7.5
	-1.5
	-12.0
	-15.1
	3.1

	AFS 5.9
	0.120
	9.0
	10.7
	-1.7
	-9.0
	-10.9
	1.9

	
	2.000
	6.0
	7.4
	-1.4
	-12.0
	-15.5
	3.5

	AFS 5.15
	0.081
	9.0
	10.7
	-1.7
	-9.0
	-10.5
	1.5

	
	1.400
	6.0
	7.4
	-1.4
	-12.0
	-15.6
	3.6

	AFS 4.75
	0.036
	9.0
	10.8
	-1.8
	-9.0
	-11.9
	2.9

	
	0.820
	6.0
	7.4
	-1.4
	-12.0
	-16.1
	4.1

	AHS 7.95
	22.000
	9.0
	10.9
	-1.9
	-9.0
	-7.6
	-1.4

	
	6.700
	12.0
	13.8
	-1.8
	-6.0
	-3.6
	-2.4

	AHS 7.4
	18.000
	9.0
	10.9
	-1.9
	-9.0
	-7.8
	-1.3

	
	4.800
	12.0
	13.9
	-1.9
	-6.0
	-3.6
	-2.4

	AHS 6.7
	11.000
	9.0
	10.9
	-1.9
	-9.0
	-7.9
	-1.1

	
	2.300
	12.0
	13.9
	-1.9
	-6.0
	-3.6
	-2.4

	AHS 5.9
	7.100
	9.0
	11.0
	-2.0
	-9.0
	-8.0
	-1.0

	AHS 5.15
	3.300
	9.0
	11.0
	-2.0
	-9.0
	-8.1
	-0.9

	AHS 4.75
	1.800
	9.0
	11.1
	-2.1
	-9.0
	-8.3
	-0.7


Table 1 summarizes the margins between MTCH simulation results and the interference performance requirements for TCH (Table 2 of [45.005], i.e. before introduction of SAIC/DARP). The Table comprises margins already shown in the Figures, and also all AMR modes for completeness. 

As explained already regarding Figure 1, interference of MTCH channels is only slightly degraded compared to TCH channels, even though the MTCH signal model is much more challenging. SAIC receivers are capable of tolerating the intentional interference caused by introduction of the second sub channel, while only the power reduction of the wanted sub channel to half of the carrier power C results in negative margin compared to the interference performance requirements for TCH. This margin is pretty much consistent for all speech channels, especially for co-channel interference.
It is also worth noticing, that the specific type of modulation of the interferer hardly makes a difference, so that any MUROS, 8-PSK or other higher order modulation could be assumed sufficient for simplified MUROS test scenarios. 

Based on the small performance margin differences for all speech channels evident from Table 1, the following conclusion can be drawn directly from the simulation results. 
Let’s assume a GSM network delivering good speech quality based on conventional (non-DARP) MS performance (not really depending on DARP phase 1 capability if present in MS). Whenever in such network the TCH speech downlink is impacted only by moderate interference level (slightly better than the reference interference ratio 9 dB or similar adjacent channel interference impact with ACP of 18 dB, but not sensitivity limited), sufficient performance can also be achieved based on the MS supporting SAIC and by replacing the single-user TCH channel allocation by a MUROS MTCH channel allocation. 
Furthermore, if SAIC is applied in this way to cancel intentional intra-cell interference, the inter-cell interference level should typically be well below. Under these circumstances, the specific modulation type and mixture of interferers is generally far less relevant than it was with SAIC operation for GMSK wanted channels. Therefore it would be reasonable and sufficient to specify MUROS performance in [45.005] based on the traditional concept of characterizing sensitivity, co-channel and adjacent channel performance separately.
This comparison should already form a sound basis for a positive conclusion about feasibility of MUROS and its capacity benefit in relevant network situations, as discussed in the following section.
4 Discussion of GSM voice evolution

4.1 Status without SAIC 

From the beginning of the GSM system, downlink and uplink interference performance has been specified based on reference interference ratio C/Ic = 9 dB for co-channel interference and C/Ia1 = -9 dB for adjacent channel interference [45.005]. This link performance characterization has been the basis for planning most of the GSM/EDGE networks in regions where coverage is not the limiting factor.

Typical GSM/EDGE base stations apply receive diversity, while typical MS are based on a single antenna. This situation can be expected to persist in the future, at least for the vast majority of phones especially in emerging markets. As a result, the downlink is the limiting factor in network planning.

4.2 Status with SAIC considered in network planning

With the advent of SAIC, downlink receiver performance has strongly advanced. Even consistent improvements by 9 dB can be achieved for co-channel interference, as well as for adjacent channel interference [GP-022522]. On this basis, the interference performance specification in [45.005] could have been tightened by 9 dB while maintaining the high adjacent channel protection (reference interference ratio could e.g. be assumed C/Ic= 0 dB for co-channel interference and C/Ia1 = -18 dB for adjacent channel interference). This allows voice communication at C/I = 0 dB, which could easily be understood as the possibility of another call being potentially served in parallel on the same radio resource. 

When SAIC was introduced in 3GPP standardization, the main focus was on increase of spectral efficiency by designing GSM networks for higher interference levels. It was very clear from the beginning, that typically one of the interferers will be dominant and cancelled by the algorithm, while other interferers will be treated like noise, reducing the performance gain (acceptable co-channel C/I reduction) at the network level. Certainly the power ratio between the dominant and the residual interferers becomes lower if the GSM network is designed for higher interference levels. Adjacent channel interference is an additional complication in this context, strongly depending on the frequency reuse pattern. 
It had been a long way [45.903] to define some link scenarios, which are supposed to reflect the variety of network situations in an affordable manner and which became the basis of the DARP test scenarios [45.005]. Single co-channel interference is directly reflected in the case DTS-1, while adjacent channel interference is considered only as part of a more complex compromise case DTS-2, which comprises two individual co-channel interferers, an additional adjacent channel interferer, and AWGN. Consideration of a mixture of individual interferers is relevant for SAIC specification due to its capability to cancel a dominant GMSK interferer, while AWGN (or colored Gaussian noise) is known to severely limit SAIC performance gain, if the in-band noise level is not well below the interferer level.
4.3 Opportunity for MUROS

Since the introduction of SAIC/DARP, only part of the GSM/EDGE networks have actually been designed for higher interference levels compared to the original assumptions. Even in these networks, high interference is not present all the time. Therefore interference measurements in real networks often still show interference levels consistent with the original reference interference ratio assumptions.

Based on the small performance differences for all speech channels evident from Table 1, a simple  conclusion can be drawn directly from the simulation results. Whenever in a GSM network the downlink interference level is not too high, there is the possibility to intentionally add intra-cell interference by multiple users re-using one slot. 

For networks allocating MUROS channels, which add a dominating intra-cell interferer as part of the wanted signal, the interference scenario is considerably different compared to the high inter-cell interference level scenarios introduced for SAIC. Therefore application of some DARP test scenarios (e.g. DTS-2, 3 and 5) for MUROS study and requirements specification looks questionable. As long as network designs are considered which are currently operating without benefit from SAIC/DARP capability (like section 4.1), simple scenarios are a better basis for investigation. This should comprise not only the single co-channel interferer scenario (MTS-1), but also an additional single adjacent channel interferer scenario (similarly considered in [GP-071738]), which is essential to maintain high ACP. Together with sensitivity performance requirements, these interference scenarios can already be considered as sufficient for specifying MUROS link performance.
As explained, these simple scenarios enable comparison with the classical GSM performance characterization by reference interference ratios, and strong system capacity benefit can be concluded directly from the link performance characterization. This simplified approach can hopefully relax the need for system level simulations before MUROS can be specified in the GSM core specifications.
5 Conclusions

In this contribution, the co-channel and adjacent channel interference performance of legacy DARP capable MS receiving a MUROS sub channel have been presented. 

Surprisingly, a SAIC algorithm actually implemented in DARP phase 1 capable phones provides interference performance for MUROS wanted and interfering signals not far from the original reference interference performance of the GSM system before introduction of SAIC. This comparison shows the tremendous benefit from MUROS for upgrading existing GSM networks and planning new ones in a cost efficient manner. 
In case of MUROS, SAIC operates under significantly different interference conditions compared to the original SAIC feasibility study. The simulation results show that complex MUROS test scenarios, which are currently under consideration as generalizations of the DARP test scenarios, would introduce complexity which is not justified by performance differences. 
To progress with the MUROS study, link level simulation focus on basic co-channel, adjacent channel interference and sensitivity scenarios is proposed as a working assumption. Companies are encouraged to provide comparable simulation results especially for MS supporting SAIC/DARP phase 1, which are likely to become most relevant as legacy phones for MUROS introduction in networks.
Furthermore, the necessary standardization work for MUROS could be immediately started based on link level simulations even without awaiting further system level simulations, which are currently planned for the study phase.
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