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1 Introduction

Quarter rate channels are being considered for GERAN standardization.  In this work, we outline some factors which must be addressed in this process, including outstanding miscellaneous system issues and capacity comparisons.

2 Capacity Comparisons

In this section, the capacities of systems with different reuses are considered.  The objective is to determine if there are capacity benefits associated with a 4/12 reuse deployment with quarter-rate channels.  Note that system parameters for this deployment have yet to be specified, thus making capacity comparisons difficult.  As such, an upper bound on capacity for 4/12 reuse and quarter-rate channels is considered.  The maximum capacity is achieved when all users transmit over quarter-rate channels and the capacity is blocking-limited.  This capacity is equivalent to the 1/3 reuse system with full-rate channels and can be computed using Erlang B.  

2.1 Simulation Assumptions

The simulation assumptions are listed below. 

Cellular System Model

· Deployment

· 10x10 cell layout with wraparound

· Three sectors per site arranged in a cloverleaf pattern. 

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

· 7.2 MHz of spectrum per site

· Antenna pattern from UMTS 30.03 [1]

· 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 and 12.2 kbps AMR vocoder

· GMSK modulation

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.  

2.2 Simulation Results

Figure 1 shows the percentage of satisfied users at 1% FER versus offered load for different deployments.  Note that RFH and CFH refer to random and cyclic frequency hopping, respectively.
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Figure 1: Percentage of satisfied users at 1% FER versus offered load for different deployments.

Downlink voice capacity results generated based on the simulation model described earlier are shown in Table 1.  

Consider the deployment of a cellular system with 4/12 reuse, quarter rate channels, and the MR74 vocoder.  The maximum capacity is achieved if all users are assigned to quarter-rate channels and the capacity is blocking limited.  If this is assumed to be the case, then the capacity achieved in this deployment is exactly the same as the result shown in the table below for 1/3 reuse, MR74 vocoder, random frequency hopping, and full-rate channels (84.1 Erlangs/sector).  

Note, however, that the capacity for the 1/3 reuse system can be increased by allowing users to switch to half- and possibly even quarter-rate channels when their C/I is high.  In addition, without employing power control or even rate switching, the capacity for the system with 1/1 reuse, MR74 vocoder, and random frequency hopping also achieves slightly less capacity at 1% FER and significantly more capacity at 3% FER than the maximum capacity mentioned above for 4/12 reuse and quarter-rate channels.  Hence at least from a capacity standpoint, gains associated with 4/12 reuse and quarter-rate channels should not be expected relative to similar deployments of 1/3 and 1/1 reuses.     

Reuse
Vocoder Rate (kbps)
FH
1% FER Capacity

(Erlangs/sector)
3% FER Capacity

(Erlangs/sector)

1/3
  7.4
Random
84.1 (Blocking)
84.1 (Blocking)

1/3
  7.4 
Cyclic
73.3 (Interference)
84.1 (Blocking)

1/3
12.2 
Random
58.0 (Interference)
  81.9 (Interference)

1/3
12.2 
Cyclic
35.1 (Interference)
  55.9 (Interference)

1/1
  7.4 
Random
79.2 (Interference)
111.2 (Interference)

1/1
  7.4 
Cyclic
26.1 (Interference)
  45.1 (Interference)

1/1
12.2 
Random
45.9 (Interference)
  65.1 (Interference)

1/1
12.2 
Cyclic
16.0 (Interference)
  24.9 (Interference)

Table 1:  Capacity Results for different deployments with full rate channels.

3 Miscellaneous Issues

3.1 Scope 

It is to be determined whether QR channels are intended only for the circuit domain or intended for the packet domain as well.  

The support of SIP signaling with QR channels presents a significant challenge. Since quarter rate packet data channels have not been defined, Layer 1 multiplexing of voice and data is not possible. Static allocation of additional physical sub-channels (i.e., DTM-like) for SIP signaling is inefficient. The possibility of a FACCH only solution exists; however, this would lead to unacceptable delay and speech frame blanking. 

3.2 Physical Layer

The channel coding and corresponding minimum performance specifications for all quarter rate AMR modes and associated control channels need to be defined. It is not sufficient if the quarter rate FACCH and SACCH provide acceptable performance at the 1% FER operating point for the 4.75 kbps AMR mode. These associated control channels should provide good performance even at the cell edge, i.e., in order to either allow reassignments to other half rate or full rate channels within the same sector or to channels in a neighboring sector. 

3.3 Rate Switching 

Significant capacity benefits are possible in aggressive reuse scenarios if users experiencing good channel quality are reassigned to quarter rate channels. Even with sparse reuse, quarter rate users may need to be reassigned to half rate or full rate channels when the channel quality degrades. 

The mechanisms for introducing dynamic reassignments should be specified. This includes the following:

· Procedures for measuring and reporting channel quality 

· Specification of reassignment signaling that has low delay and minimal impact on speech quality

Note that rate switching is not currently being considered for GERAN Releases 4 or 5, and FACCH may not be adequate. 

4 Conclusions

For the 7.4 kbps AMR mode, the capacity that can be achieved with full rate channels and 1/3 reuse is similar to the upper bound on capacity with quarter rate channels and 4/12 reuse. Higher capacities are however achievable with half rate or quarter rate channels in a 1//1 reuse scenario if users experiencing good channel quality are reassigned to these channels. Interference reduction techniques such as smart antennas or power control would allow further improvement in capacity. 

The issues listed in Section 3 need to be resolved before the potential capacity benefits of quarter rate channels can be realized. These are for further study.  
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