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1. Introduction

To enable UMTS mobiles in FDD mode to make inter-frequency and inter-RAT measurements, compressed mode (CM) has been included in the 3GPP specifications. The idea of this feature is to introduce gaps in the transmissions during which a UE’s receiver can tune to other frequencies and make measurements. One of the main arguments for CM is that it minimizes the complexity of UEs in comparison to, for example, installing dual receivers in the handsets. 

For network operators, it will be essential that UMTS capable mobiles can perform handovers to GSM without affecting the quality of the ongoing session or seriously affect the capacity/coverage of the UMTS network the UE is serviced by when performing the measure​ments. Making the actual handover should be no problem, given the information gained from the measurements. We believe, however, that the network aspects of CM have not yet been studied thoroughly enough. 

As a contribution to the discussion about CM we present this document, which summarizes the results of simulations aimed at understanding the network effects of CM. A model has been constructed that tries to take into account the bursty nature of CM transmissions. The model has then been implemented in a basic static network simulator in order to study the effects on capacity and coverage. Only the uplink is considered, since it is expected that downlink and uplink CM will be synchronized. 

2. Modeling compressed mode


Although many different CM modes are supported in UMTS, we will only consider the following special case: an idle period (gap) of 7 slots is compensated for by having 8 slots where transmissions are done using double bitrate, see Fig. 1.  This is an approximation in order to simplify the calculations since only 7 slots of double bitrate transmission are needed to compensate for the gap. The periodicity (or repetition period) of the CM frame will be a parameter in the simulations. The transmission pattern for a UE with, for example, periodicity three is shown in Fig. 2. 
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Figure 1: We model a CM frame by 4 slots of double bitrate transmissions followed by an idle gap of 7 slots and ending with another 4 slots of double bitrate transmissions. This is an approximation in order to simplify the simulations.
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Figure 2: The repetition period of CM frames. In this example, the repetition period is 3 frames (i.e. the CM frame appears every third frame).

3. Slot analysis

In order to take into account the bursty nature of CM as shown in Fig. 2, a “slot analysis” will be made. To understand the basic idea of the slot analysis, let us first consider the case of two CM users in a cell.  To make progress, we assume that the two frame structures are synchronized at the basestation. This is, of course, not exactly true in a realistic scenario but it will not change the result in any significant way. We consider the system from a reference time t=0 and onwards. Every user will have a “frame offset”, which specifies when the first CM frame happens with respect to t=0. An offset of 0 frames implies that the first frame is a CM frame. Figure 3 shows the frame structure for two users in CM, for which the frame offset is 0 and 2 respectively. We note that all frame offsets must be less than the repetition period, which is assumed to be the same for all users in the system.
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During the three frames of the repetition period there are five different “system scenarios”:

(i) User 1 transmitting with double bitrate, user 2 transmitting normally,

(ii) User 1 not transmitting at all, user 2 transmitting normally,

(iii) Both users transmitting normally,

(iv) User 1 transmitting normally, user 2 transmitting with double bitrate,

(v) User 1 transmitting normally, user 2 not transmitting at all.

For the system to supply services to both users, it must be able to support all of the five scenarios. Thus, in principle five different checks need to be performed, corresponding to the different scenarios described above. If, for given locations of the users and a specified cell radius, the link quality equations cannot be satisfied, the system has an outage. This will happen more times than if both users were only transmitting normally and thus decrease the capacity (in terms of actual users) that the system can support. Important to remember is also that the SIR should be increased by approximately 3dB in the CM frames to combat the effects of the higher bitrate transmissions and power control problems. 


The full simulations are performed as follows. The network is made up of cells with omni-directional antennas and thus completely specified by the cell radius. Users will be placed randomly in the system and a certain number of them designated as CM users. The locations of the CM users are thus purely random. All CM users are then given random frame offsets and all the possible scenarios as described above are identified. For each such scenario, the link quality equations are solved to see if the system can support it or not. The highest outage probability among the possible scenarios will be used when calculating the average outage probability from all the simulations. The entire simulation is then repeated sufficiently many times in order to get trustworthy results. The resulting average outage probability is then compared with an acceptable fixed outage probability. If the specified cell radius is found to result in a too high outage probability, the cell radius is decreased and the simulations repeated. If the outage probability is too low, the cell radius will be increased and the simulations repeated. 

4. Simulation results

In this Section we summarize the results of the simulations outlined in the previous Section. For information, the simulation parameters are listed in Appendix A. Figure 4 shows the dependence of the outage probability on the gap repetition in a cell with radius 500 meters where 50 % out of 40 users are in compressed mode. It clearly shows the expected result that CM leads to a loss of capacity/coverage, especially for short gap repetitions. 

      [image: image4.wmf]
Figure 4: Outage probability as a function of the gap repetition when 50% of 40 users are in CM. The cell radius is 500 m.

Next we consider the maximum cell radius for a given mean number of users per cell when the gap repetition is fixed. Figure 5 shows the results for a gap repetition of 5, while Figure 6 shows the results for a gap repetition of 2. From both figures it is obvious that the capacity/coverage of the network is very dependent on the amount of users in compressed mode. 
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Figure 5: Cell radius as a function of the number of users when there is 3 dB difference in the SIR between CM and normal frames and a gap repetition of 5.
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Figure 6: Cell radius as a function of the number of users when there is 3 dB difference in the SIR between CM and normal frames and a gap repetition of 2.

5. Conclusion


In this document we have reported on simulations concerned with the loss of capacity/coverage in a network when CM is used. It shows the expected results that CM severely affects the capacity/coverage and that an excessive use of CM leads to losses that are completely unacceptable from an operator’s point of view. 

Notice, though, that this report does not consider any particular model for how often CM will or should be used in a network. The question is, of course, if any useful algorithms or schemes for this can be found. There is, however, the risk that CM will be used quite a lot since many operators will rely on their GSM network to supply services to UMTS users out of UMTS coverage. If more detailed future simulations confirm the losses of capacity/coverage reported here, it is not impossible to foresee operators demanding dual receiver handsets in their network.

Appendix A: Simulation parameters


Table 1 below summarizes the parameters of the simulations.

	Description
	Value

	UE max output power 
	21 dBm

	Cable & connector loss
	3 dB

	Body loss
	6 dB

	Shadow fading standard deviation
	7 dB

	Noise (including Rx noise figure)
	-169 dBm/Hz

	Propagation model parameter ( 

	29.83 dB

	Propagation model parameter (
	35.22

	“Normal” speech users bit rate
	12.2 kbits/s

	CM speech users bit rate
	24.4 kbits/s


Table 1: Simulation  parameters

� Path loss [dB] = (+(log r
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