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1 Introduction

In this work, the air interface voice capacities of GERAN deployments with cyclic and random frequency hopping are investigated. Previous papers have assumed certain AMR modes and evaluated the system capacity for voice users [1][2].  Results presented so far have indicated that with 1/3 reuse, the system capacity is typically interference limited. In what follows, we show that even in this situation, the system can be channel (i.e., blocking) limited if certain other conditions  (e.g., full rate channels, random frequency hopping, 7.4 kb/s AMR vocoder mode) apply.

The methods used for modeling frequency hopping at the link and system levels can significantly impact the results. One proposed method is to develop a two level table lookup which first maps burst C/I values to a burst quality measure, and then uses the burst quality statistics to map to an FER [3].  While this procedure is well described in [3], no simulation results are presented.  In the following, we provide simulation results based on this approach. The Bit Error Probability (BEP) measure is used as an indicator of the burst quality. 

2 Simulation Model

The simulation assumptions are listed below. 

Cellular System Model

· Deployment

· Frequency Reuse Pattern: 1/3 reuse. Hexagonal sectors are assumed giving rise to cloverleaf shaped cells. 

· 10x10 cell layout with wraparound

· Base station separation = 6 km; cell radius  = 2 km

· Antenna pattern from UMTS 30.03 [4]

· Propagation

· Transmit power of 40 dBm

· User location randomly chosen; ideal serving sector selected

· Path loss of 128.1 + 37.6log10(d) dB 

· Log normal shadow fading with ( = 7 dB

· Noise floor of –114 dBm
· Typical Urban (TU) multi-path channel profile

· Mobility is not modeled in the simulation
Traffic Model 
· Poisson arrival of voice calls.

· Exponentially distributed talkspurt and silence periods

· Voice activity factor of 0.6

System Parameters
· Random Channel (full rate) assignment for all users

· No power control

· 7.4 Kbps AMR vocoder mode, GMSK

Performance metrics 

· 1% or 3% FER for 90% of users 

· 2% blocking

Two types of frequency hopping are considered:  cyclic and random frequency hopping.  In the case of cyclic hopping, each user sees the same interferers over the duration of the call (minus voice activity and ending of calls).  Although there is little interference diversity, the user benefits over the no hopping case because it experiences independent fading from burst to burst.  In the case of random frequency hopping, each user is allowed to hop “randomly” with the only restrictions being that a frequency cannot be repeated within a frame and that two users within the same sector cannot hop to the same channel simultaneously.  

2.1 Interface Between Link and System Level Simulation

As each user hops from burst to burst within each frame, a vector of burst C/I values are recorded.  The resultant FER is computed as shown in Figure 1.  
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Figure 1: Interface between link level and system level simulations.

The steps involved in FER computation are as follows: 

· Step 1: Each burst C/I is mapped to a corresponding BEP probability density function (PDF).  The BEP instantiation is drawn from a random variable uniformly distributed from 0 to 1.

· Step 2: After each burst C/I within a frame is mapped to a BEP instantiation, the mean and coefficient of variance (CV) are computed over the 4/8 burst BEPs.   The mean and CV are then used to determine the FER. 

Note that in the mapping of burst C/I values to FER, pre-Rayleigh faded values of C/I are employed.  The BEP PDF table generated by physical layer simulations, however, include effects of dispersion and fast (Rayleigh) fading.  In this manner, the complexity of including Rayleigh fading at the system level are avoided.  

3 Simulation Results

Downlink voice capacity results generated based on the simulation model described earlier are shown in Table 1. The results show that with 32 full rate channels per sector, random frequency hopping (RFH) gains about 40% in capacity (1% FER) over the case of cyclic frequency hopping (CFH).  Note that in this case, RFH is blocking limited.  As the number of trunks per sector increase, blocking probabilities become less of a factor, so the capacity gains of RFH over CFH should increase with more trunks.  Note that at 3% FER, CFH can achieve the same capacity as RFH at 1% FER.  For 96 channels per sector, RFH shows a capacity gain of about 60% over CFH.  With an average of 84 users per sector, blocking is close to 2% and 90% of the users have 1% FER.  Hence, this result is both blocking and interference limited.  The blocking result is consistent with the Erlang B formula, which for 96 trunks and 2% blocking yields an offered load of 84.1 Erlangs per sector.

FH Type
Number of channels per sector
1% FER capacity

(erlangs/sector)
3% FER capacity

(erlangs/sector)

Cyclic
4*8
17 (Interference)
24 (Blocking)

Cyclic
12*8
51 (Interference)
74 (Interference)

Random
4*8
24 (Blocking)
24 (Blocking)

Random
12*8
84 (Interference / Blocking)
84 (Interference / Blocking)

Table 1:  Voice capacity results with Frequency Hopped Full Rate Channels.

4 Conclusions

System simulation results for full rate channels with random frequency hopping show that the voice capacity can be primarily blocking limited even in the case of 1/3 reuse.  Further capacity benefits can be realized through dynamic assignments of users experiencing good channel conditions to half rate channels.  These techniques can potentially be incorporated into future GERAN releases and are for further study. 
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