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Dual Symbol Rate performance in legacy MRC network
1. Introduction

Dual Symbol Rate performance in mixed voice and data interference scenario, with Interference Rejection Combining (IRC) in all  BTS receivers, presented in [1] shows 1.7-1.9 fold data capacity gain in uplink. In this document DSR performance is evaluated assuming legacy Maximum Ratio Combining (MRC) receivers for voice time slots in uplink and data time slots use IRC as in [1]. So results would reflect the initial deployment case of DSR to the legacy GSM network.

In the presented simulations, the DSR transmitter power was adjusted by dynamic system simulator so that the same UL speech performance was achieved in both EGPRS and DSR cases i.e. DSR impact to voice was cleared out by DSR power control. The link level simulator was used to determine DSR performance in appropriate scenario as described in [1], but now burst level information from system level simulator was collected separately for EGPRS and DSR, making simulation results more reliable.  

It is proposed to incorporate this analysis to the feasibility study chapter 9.

2. DSR and Speech performance in legacy MRC network

2.1 DSR interference model for system simulation

Used dynamic system simulator calculates total received interference (for C/I definition) as a sum of co- and first adjacent channel interference levels through basic, 180 kHz wide, RX filter, which provides 18dB  adjacent channel attenuation for EGPRS and GMSK interferers. 

In the case of DSR interferer co-channel attenuation was 4.7 dB and adjacent channel attenuation 5.7 dB related to total DSR signal power. Impact of the second adjacent interferer (21.3 dB) was found to be negligible for the voice performance. The attenuation values of RX filter are also shown in Table 1.

Table 1 Attenuation due to basic RX channel filtering for EGPRS and DSR

	Channel

Offset
	Attenuation due to channel filtering

	
	EGPRS
	DSR

	0 kHz
	0
	4.7 dB

	+/-200 kHz
	18 dB
	5.7 dB


2.2 UL speech performance in legacy MRC network  

Dynamic system simulations were run with the frequency reuse of 1/3, which is basically the same as the DSR scenario 2 [1]. 

At first, the reference EGPRS simulation was run (20% EGPRS FTP data and 80% AMR 5.9kbit/s voice). Speech service quality was evaluated with the following criteria: 

· Relative number of bad quality connections (connection average FER > 1%)

· Relative number of bad quality samples (FER > 4% measured for 2 seconds samples)

· Network level total average FER 

· Network level average UL TX power

DSR simulation was first run with the exactly same power control parameters as used for EGPRS and with 2dB and 4dB lower power. Figure 1 presents network speech quality in terms of bad quality connections for different simulations. It is seen that without DSR power reduction the number of bad quality speech connections is slightly increased compared to reference EGPRS simulation. However, already 2 dB power reduction was enough to maintain speech performance at the reference level. 

Table 2 presents required DSR power reduction values for all the examined speech quality criteria. It is seen that 2 dB power reduction was enough for all used criteria. Therefore, 2 dB power reduction was selected for the DSR data capacity evaluation. Required 2 dB power reduction is also in line with the C/I results presented in [1] section 9.5.8.1,  where it was found out that network C/I distribution increased about 1 – 2 dB due to DSR. 
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Figure 1 Percentage of bad quality voice calls for EGPRS and DSR with power offsets.

Table 2 DSR TX power reduction required to maintain reference voice quality for different quality criteria.

	Criteria
	Power offset for DSR

	Relative number of bad calls
	-0.5 dB

	Network average FER
	-2 dB

	Relative number of bad FER samples (2 s. period)
	-1 dB

	Average UL TX power
	-2 dB


2.3 DSR performance in legacy MRC network

EGPRS and DSR data throughputs were studied with link level simulations based on recorded bursts resulting similar voice performance i.e. DSR TX power was limited by 2 dB. Median interference level and variance for 3 strongest co-channel interference levels and 2 strongest adjacent-channel interference levels are shown in Table 3 and Table 4. DSR TX power reduction is clearly seen in data interference levels. Strongest co-channel DSR interference is about 2.3dB lower compared to strongest EGPRS interference. 

Table 3 Interference statistics for voice 
	 
	DSR median 
	DSR variance
	EDGE median
	EDGE variance
	Difference in median levels

	Co1
	-104.1
	81.8
	-103.8
	77.3
	0.3

	Co2
	-110.9
	30.2
	-110.1
	30.4
	0.7

	Co3
	-113.6
	18.4
	-112.8
	21.9
	0.9

	Adj1
	-100.6
	82.1
	-99.8
	82.4
	0.8

	Adj2
	-107.9
	44.2
	-107.6
	47.1
	0.3


Table 4 Interference statistics for data
	 
	DSR median 
	DSR variance
	EDGE median
	EDGE variance
	Difference in median levels

	Co1
	-104.9
	44.4
	-102.6
	40.3
	2.3

	Co2
	-110. 5
	30.1
	-108.0
	28.8
	2.4

	Co3
	-113.6
	18.4
	-112.8
	21.9
	0.9

	Adj1
	-99.2
	72.8
	-97.9
	81.6
	1.3

	Adj2
	-107.1
	44.1
	-105.7
	54.1
	1.4


Throughput versus received signal level is depicted in Figure 2. 95% signal level at the cell border is -88 dBm for EGPRS and -90 dBm for DSR. The DSR, with 2dB lower power, achieves 29% better throughout at the capacity limited cell border than EGPRS (34 kbit/s for EGPRS and 44 kbit/s for DSR). It is expected that by more intelligent power control than just fixed 2dB offset, the throughput gain at cell border could be in order of 50%.
The cell level throughput values for EGPRS and DSR is presented in Figure 3. DSR achieves 1.7 x higher data capacity compared to EGPRS. 
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Figure 2 Throughput per TSL for DSR and EGPRS for reuse 1/3
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Figure 3 TCH layer (2.4MHz) throughput for 1/3 reuse, with average 4.5 time slots for data and 19 Erls voice traffic load. 

3. CONCLUSIOn

Voice performance simulations at 1/3 reuse presented in this study showed that 2 dB DSR power reduction was enough to maintain reference voice quality for legacy MRC transceivers. At that 2dB lower power level, the DSR performance simulations showed 72% increase in throughput per time slot and per cell at FH layer. 
Similar gains are assumed for DSR data in case of non-synchronized networks with 1/3 re-use because interference from adjacent sectors of the same site is dominating. Moreover, speech performance is about the same with and without network synchronization for the legacy MRC base stations.

Presented results showed that DSR achieves significant capacity gains even in the case of legacy networks. The result can be understood by noting that DSR does not increase the total interference in the network, but makes interference distribution different. With the simple power control the total interference sum is very similar compared to EGPRS case. Hence, legacy MRC transceivers can cope with DSR interference without voice quality impact making DSR deployment fluent to the legacy GSM network.
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