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Effect of GPRS Traffic on Interference Characteristics for SAIC Link Level Evaluation
1. Introduction

At the GERAN #17 meeting further simulation requirements were identified for the SAIC Feasibility Study [1]. One of the issues identified was to investigate the impact of SAIC gains for voice and packet data services in the midst of voice and packet data interference. In [1], three link level simulation cases were proposed for GPRS and it was stated that where possible, the same parameters should be used as for the voice simulations. A question was posed regarding whether the interference model used for voice simulations could be re-used for assessing SAIC gains for GPRS. 

In this contribution we address the above question by presenting interference characteristics for a Configuration 3 [2] GSM network carrying a mix of voice and GPRS data traffic. Specifically, 4 timeslots on a transceiver (TRX) were dedicated for GPRS in each sector in the network and different loads of data traffic were simulated along with voice traffic. Interference characteristics were measured and compared with interference characteristics generated for a voice-only network to assess the impact of GPRS traffic on the interference characteristics. 
2. GPRS Traffic Model
All GPRS traffic users modeled in the simulations were assumed to perform web browsing. Web browsing traffic was generated based on the model proposed by Nokia in [3]. Some of the parameters of this traffic model are reproduced below in Table 1.
Table 1. Web browsing traffic model parameters
	Parameter/algorithm
	Value
	Comment

	Downlink power control
	OFF
	

	Link adaptation
	OFF
	

	Coding scheme
	CS-2
	

	Session arrival 
	Poisson arrivals, ( =  5 calls/hour/terminal
	

	Number of packet calls per session
	Geometric with cut-off
	Mean = 5 packets, Cut-off = 15 packets

	Packet call size [bytes]
	Pareto with cut-off
	( = 1.1; k = 2.25 (kbytes)

m = 225 (kbytes)


	Reading time between packet calls
	Geometric
	Mean = 5 seconds

	Number of packets in packet call
	Determined by IP packet size distribution and call size
	Mean = 13.6 

	Packet size
	Semi-empirical
	40% - 40 bytes, 20% - 576 bytes, 10% - 1500 bytes, 30% - U(40,1500)

	Packet inter-arrival time
	Geometric
	0.1942 seconds (for input bit rate of 32 kbps)


3. Simulation Model

The network simulator and voice traffic users were assigned characteristics according to Configuration 3 [2]. All voice users were assumed to operate using an AFS 5.9 vocoder and all GPRS users were assumed to operate using a fixed CS-2 coding scheme. For GPRS users, link adaptation and downlink power control were turned off. 

In order to generate timely results, some simplifying assumptions were made in the modeling of GPRS data users. We believe that these assumptions will not have a significant effect on the interference characteristics presented in this contribution. The detailed RLC/MAC layers for the GPRS users were not simulated. Data traffic was generated based on the above specified traffic model and was used to determine the occupancy of the PDCH time slots (whether data was transmitted in that time slot or not) based on a simple round-robin type of scheduling algorithm. This PDCH occupancy is a key factor in shaping the interference generated by the data users. The detailed ARQ protocol was not simulated but retransmissions were modeled based on a fixed 10% block error rate. Throughput and delay results for the GPRS data users were not developed. 
4. Results

Results are presented for the following four cases: baseline, 30 www users/sector, 60 www users/sector, and 120 www users/sector. The baseline case has no data users and no radio resources (PDCHs) allocated for GPRS. Voice traffic load corresponds to 40% FL. This is identical to the case for which interference characteristics results were presented in earlier GERAN contributions (e.g. [4])

The other three cases with www users/sector have 4 dedicated PDCHs allocated per sector (no dynamic PDCH allocation was allowed). Since this dedication of resources for GPRS takes away time slots available for voice traffic, in order to make a fair comparison with the baseline case, the Frequency Load (FL) definition needs to be modified as follows to take into account the 4 dedicated PDCHs. 
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The reasoning behind this modified definition is that in the voice-only case, the entire hopping space of 12x8=96 (for configuration 3) is available for the voice traffic in three sectors of a cell site (the 12 MAIOs corresponding to the 12 frequencies are distributed across three sectors of a cell site). By dedicating 4 PDCHs in each sector for data, a hopping space of 4x3=12 is dedicated for GPRS, leaving a hopping space of 96-12=84 for voice traffic. Based on this definition, when 4 PDCHs per sector are dedicated for GPRS, 40% FL corresponds to 33.6 Erlangs of voice traffic per sector as opposed to 38.4 Erlangs per sector with the baseline case.  

Figure 1 shows the resulting PDCH utilization obtained for the 30, 60, and 120 www users/sector cases. The PDCH utilization spans the low to high range covering data loads that one would reasonably operate with for 4 dedicated PDCHs.
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Figure 1:  PDCH utilization for three different data traffic loads
Figure 2 shows the burst-level CINR distribution for the four cases for 40% FL. The data users cause the CINR distribution to get poorer by about a 1 dB at the 10th percentile point. Figure 3 and 4 show the burst-level DIR and DIR2 distributions for the four cases for 40% FL and CINR<10 dB. The DIR distribution shifts to the left by about 0.5 to 0.7 dB at the median for the data cases, and the DIR2 distribution shifts to the left by about 0.2 to 0.3 dB at the median for the data cases when compared to the baseline case. These shifts in CINR, DIR, and DIR2 are not unexpected because data transmission does not utilize downlink power control and may contribute more power per transmitted burst to the interference environment than an equivalent voice transmission. However, we can see that the shifts in these distributions are quite small. 
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Figure 2:  Comparison of CINR CDFs for 40% FL
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Figure 3: Comparison of DIR CDFs for 40% FL
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Figure 4: Comparison of DIR2 CDFs for 40% FL
Figure 5, 6, 7, 8, and 9 compare the median values of several interference ratios for the baseline case with the data cases for 30, 60, and 120 www users/sector. The interference ratios are as defined in past GERAN contributions on this matter (e.g. [4]) and are defined below for convenience. 

· C1/C2 – Ratio of the RSS of the dominant co-channel interferer and the second dominant co-channel interferer

· C1/C3 – Ratio of the RSS of the dominant co-channel interferer and the third dominant co-channel interferer

· C1/Cr – Ratio of the RSS of the dominant co-channel interferer and the rest of the co-channel interferers 

· C1/A1 – Ratio of the RSS of the dominant co-channel interferer and the dominant adjacent channel interferer

· C1/Ar – Ratio of the RSS of the dominant co-channel interferer and the rest of the adjacent channel interferers
Figures 5-9 show that the five measured interference ratios are reduced by about 0.5 to 1 dB due to the introduction of GPRS traffic. For each interference ratio, the figures show two values for the data cases: one for voice users and the other for data users. The voice users figure is the median value of the interference ratio as seen by voice users in the system (i.e. source GMSK voice, interferers GMSK voice and GMSK data). The data users figure is the median value of the interference ratio as seen by data users in the system (i.e. source GMSK data, interferers GMSK voice and GMSK data). 
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Figure 5:  Comparison of median values of C1/C2 for 40% FL
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Figure 6:  Comparison of median values of C1/C3 for 40% FL
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Figure 7:  Comparison of median values of C1/Cr for 40% FL
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Figure 8:  Comparison of median values of C1/A1 for 40% FL
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Figure 9:  Comparison of median values of C1/Ar for 40% FL
5. Conclusion
In this contribution, we have presented interference characteristics for a configuration 3 GSM network with 4 time slots per sector dedicated for GPRS data traffic. The interference characteristics for cases with 30, 60, and 120 www users/sector and 40% FL of voice traffic were compared with a baseline network with no data traffic and 40% FL of voice traffic. When compared to the baseline case, the interference characteristics for the data cases were affected as follows:
· Burst level CINR at the 10th percentile point decreased by about 1 dB

· Burst level DIR at the median point decreased by about 0.5 to 0.7 dB
· Burst level DIR2 at the median point decreased by about 0.2 to 0.3 dB

· Median value of all five measured interference ratios decreased by about 0.5 to 1 dB
These results indicate that the addition of GPRS data traffic does not seem to have a significant effect on the interference characteristics of the network even as the data load is varied from ~29% utilization to ~80%. Thus, we believe that the existing link-to-system level stage 1 mapping developed for a voice-only environment can be used in a GPRS system level evaluation to determine data performance.  In addition, this same mapping can also be used in a voice system level evaluation to determine the resulting SAIC gain in the presence of data users. Although one could expend the time and effort to develop new link-to-system level mappings based on these new interference profiles, we think that the end result will be nearly identical to the existing mapping.  We base this latter statement on the fact that when the mappings were developed for voice that there was not a significant difference between the mappings for 40% FL and 70% FL for network configuration 3, which allowed us to use the same mapping for all loads considered. We think this reasoning is applicable here as well, since the differences in the individual ratios between the 40% and 70% FL voice-only environment are of the same order (1-2 dB) as the differences defined herein between the voice-only at 40% FL and voice plus data for both voice and data users.  
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