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1 Introduction

At the RAN WG2 meeting #9 Telia presented a contribution, [5], noting that earlier evaluations, [1], [2], of the benefits of the measurement CPICH RSCP/ISCP as handover criteria were only studying the base station TX output power at low to moderate loads, which is quite irrelevant in an evaluation of system capacity. The Telia simulations, presented in [5], therefore focused on high loads, explicitly locating the characteristic power divergence at the capacity limit of an interference limited CDMA system. The Telia simulations showed very large capacity gains for CPICH RSCP/ISCP as compared to CPICH RSCP/RSSI.

At the RAN WG4 meeting #9, Nokia presented new simulations [4] extended to high loads, showing capacity losses for CPICH RSCP/ISCP as compared to CPICH RSCP/RSSI, and thus challenging the Telia simulations.
RAN WG4 therefore asked Nokia and Telia to resolve the differences, and also to investigate the effect of measurement errors on the results.

After adjustments on both sides the differences between the Telia and Nokia simulations have now been resolved. The new results show substantial capacity gains for CPICH RSCP/ISCP as compared to CPICH RSCP/RSSI in the very important micro-cell scenario. For the macro-cell scenario no difference can be seen between the two criteria.
Telia has also performed a study of the effects of measurement errors on the results. Nokia, however, preferred to focus on effects of soft handover on the results. In Telias opinion a real link level simulation would be needed for such a study, but agreed to do also the soft handover simulations with parameters chosen by Nokia. The Telia and Nokia simulations of soft handover effects were in agreement, showing enhanced capacity gains for CPICH RSCP/ISCP as compared to CPICH RSCP/RSSI.

In this contribution the results from the new set of simulations are presented (section 2).

The effects of the use of CPICH RSCP/ISCP on the UE complexity is discussed in section 3, while code shortage is covered in section 4.
Finally, in section 5 some conclusions are drawn.





2 Simulations

2.1 Simulation model

The simulations were modelled on the earlier simulations made by Nokia [2], and Telia [5]. New slightly modified scenarios, or cases, were devised to adjust to more realistic choices of orthogonality factors. The simulations were also extended to include soft handover and measurement error effects.
2.1.1 Soft handover
The soft handover simulations included macro diversity combining, but since the channel was modelled as simple pathloss, macro diversity gains related to fast fading could not be taken into account. The output powers to one UE on different links were equal (power balancing), and the power control was targeted at. Eb/N0 after macro diversity combining. 
The parameters for link addition and link dropping were chosen by Nokia as: add_window=3dB; drop_window=2 dB.
Since Nokia wanted to include hysteresis, drop_window>add_window, rudimentary mobility had to be implemented into the simulations. The mobiles were therefore first connected at random, with equal probability, to one of the two base stations, where after link additions and link drops were performed until convergence. The initial random connection corresponds to the mobile coming from the left or from the right with equal probability (rudimentary mobility), and gives a probability one half for a link in the hysteresis window to be connected.
2.1.2 Measurement errors
To see the effects of measurement errors a random error was added to the handover criteria in the simulations. For simplicity the errors were chosen normally distributed on the logarithmic scale. The standard deviation of the error distribution was varied, simulations being performed for a standard deviation of 0, 0.5, 1, and 2 dB.
2.1.3 General simulation model recaptured
A simple one-dimensional model with two base stations a distance d [m] apart was used. UE’s where generated one by one randomly and uniformly in three regions (BS1 region: [0,d/2], BS2 region: [d/2,d], and hot spot region: [d/2-50,d/2+50]) on the line between the two base stations BS1 and BS2 ([0,d]). The mean proportion of UE’s in the three regions could be adjusted.

The uplink was not included in the simulation.


Two alternative pathloss models were used (r in meters):

· Pathloss model for macro-cell scenarios (Okumura-Hata with BS antenna height 35m):

· L=max(70,136.866+34.786*log10(r/1000)

· Pathloss model for micro-cell scenarios:

· L=max(53,K), where

· K=38+20*log10(r) if r<300m (free space loss)

· K=38+20*log10(300)+40*log10(r/300) if r>300m

Perfect DPCCH SIR based power control was used.

The SIR levels used for power control and SIR based cell selection was defined as (here for a link to BS1):
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where ( is the orthogonality factor, Li is the path loss to BS i, Ptoti is the total output power from BS i, ptx is the TX power for the radio link to the UE, G is the processing gain, and N is the system noise.

For equal CPICH the Ec/N0 based cell selection is equivalent to pathloss based cell selection, which was used in the simulations.

No mobility was modelled, only snapshot type simulations where made. To gather statistics 500 to 2000 snapshots where done for each case study.

The UE’s where inserted one by one, and after each UE insertion the power control and cell selection for all inserted UE’s was iterated until convergence, and the final total output powers were registered.

For high but finite load the output power might diverge. To detect these divergencies a maximum base station total output power has been chosen. In the simulations this value was set to 20W. Due to the divergence of the output powers at finite load, the results are, however, rather unsensitive to the exact value of this maximum output power.

The number of diverging snapshots was recorded for each load (number of UE’s).

2.2 Simulation scenarios
In the scenarios studied in the earlier simulations by Nokia and Telia, the orthogonality parameter was not chosen in a realistic way. In particular, complete code orthogonality at the receiving end as used for case 4 is not realistic. Telia and Nokia therefore decided to change the orthogonality parameters to more realistic ones, simultaneously adjusting to standard values for UMTS simulations.
The new set of simulation cases chosen, with parameters as given in Table 1, were labelled case 6, 6h, 7, 7h, and 8. Case 6 and 6h, are micro-cell scenarios with and without hotspot. Case 7, 7h are the corresponding macro-cell scenarios, and case 8, finally, is a macro-cell scenario with asymmetric cell load.
The different simulation scenarios have been simulated with and without soft handover and also with and without measurement errors.

Case 6
Case 6h
Case 7
Case 7h
Case 8

Path loss model
micro
micro
macro
macro
macro

Distance between BS’s
1000m
1000m
2000m
2000m
2000m

Proportion of UE’s in: 






· BS1 region [0,d/2]
50%
33.3%
50%
33.3%
70%

· BS2 region [d/2,d]
50%
33.3%
50%
33.3%
30%

· Hotspot region [d/2-50,d/2+50]
0%
33.3%
0%
33.3%
0%

Common channel constant power at: 






· BS1
0.1W
0.1W
1W
1W
1W

· BS2
0.1W
0.1W
1W
1W
1W

User bitrate
512kbit/s
512kbit/s
128kbit/s
128kbit/s
128kbit/s

Chip rate
3.84 MHz
3.84 MHz
3.84 MHz
3.84 MHz
3.84 MHz

Eb/N0 target
4.5 dB
4.5 dB
4.5 dB
4.5 dB
4.5 dB

System noise
-97dBm
-97dBm
-97dBm
-97dBm
-97dBm

( (orthogonality factor)
0.94
0.94
0.6
0.6
0.6

Antenna gain
3 dB
3 dB
15 dB
15 dB
15 dB

Table 1 Simulation parameters for the new scenarios agreed to be studied by Nokia and Telia. Parameters ‘defining’ the simulation cases have been marked bold.
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2.3 On the interpretation of the simulation results
The difference in system capacity, comparing the two handover criteria, is most easily seen in the overload plots (see Figure 1). The capacity limit is simply the load at which the overload measure shoots up.

The overload measure is defined as the proportion of snapshots that are overloaded at a certain load. A snapshot is considered overloaded if the output power from one of the base stations exceeds a maximum output power (20 W), or if the power control diverges (corresponding to infinite output power).
The overload measure in a snapshot simulation corresponds closely to the dropping probability in a “real-time simulation”.
[image: image2.wmf]
Figure 1 An example plot of overload as a function of system load, exhibiting the capacity limit.
The differences in capacity can to some extent also be seen in the plots of base station output power as a function of load. The problem is, however, that the output power plots are only valid up to the point where overload snapshots start to appear. As soon as the overload is larger than zero, the output power plots are biased since the overloaded snapshots (often corresponding to infinite output power) must be removed from the averaging. This can be seen in Figure 2 where the output powers are clearly biased above a load of 22 UE’s, bending downwards instead of shooting up.
[image: image3.wmf]
Figure 2 An example plot of the base station output power as a function of system load, exhibiting biasing due to overload above a system load of 22 UE’s.



2.4 Simulation results
2.4.1 Case 6
The simulations were made for a micro-cell scenario, the base stations 1000m apart, with 512kbit/s user data rate and with homogenous traffic distribution. The orthogonality factor ( was 0.94. The results are shown in Figure 3 REF _Ref468459597 \h 

 REF _Ref468459637 \h 
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[image: image4.wmf]
Figure 3 Overload plot  for the micro-cell scenario, showing a 5% capacity gain using the CPICH SIR criteria.
The results of the standard simulation, without measurement error and soft handover effects, are shown in Figure 3.
· the capacity limit is reached for the CPICH RSCP/RSSI criteria at a load of roughly 20 UE’s.
· For the CPICH RSCP/ISCP criteria, the capacity is about 5% higher.
[image: image5.wmf]
Figure 4 Plot of the overload for the micro-cell scenario, including the effects of measurement errors in the handover criteria. The different curves for each criteria correspond to a measurement error with a standard deviation of 0, 0.5, 1, and 2 dB, respectively. The highest curve, for each criteria, corresponds to the largest measurement error.
Looking at the results in Figure 4, including the effects of measurement errors in the simulations, several observations can be made.

· Even with a 2dB error, the CPICH RSCP/ISCP criteria is as good as the idealised 0dB error CPICH RSCP/RSSI criteria.

· The CPICH RSCP/ISCP criteria is less sensitive to measurement errors than the CPICH RSCP/RSSI criteria. The capacity gain using the CPICH RSCP/ISCP criteria grows from 5% at 0dB error (for both criteria), to 20% at 2dB error (for both criteria).
[image: image6.wmf]
Figure 5 Plot of the overload for the micro-cell scenario, including the effects of soft handover.
Including soft handover  in the simulations, see Figure 5, we note that:

· The overall capacity goes down for both criteria, as compared to the simulation without soft handover (Figure 3).
· The capacity gain using the CPICH RSCP/ISCP criteria is more than 10%. Thus, the gain is enhanced by the soft handover effects
2.4.2 Case 6h
The simulations were made for a micro-cell scenario, the base stations 1000m apart, with 512kbit/s user data rate and with a hot spot on the cell border. The orthogonality factor ( was 0.94.
[image: image7.wmf]
Figure 6 Overload plot  for the hot-spot micro-cell scenario, showing a 10% capacity gain using the CPICH SIR criteria.
The results of the standard simulation, without measurement error and soft handover effects, are shown in Figure 6.

· The capacity limit is reached for the CPICH RSCP/RSSI criteria at a load of roughly 10 UE’s.

· For the CPICH RSCP/ISCP criteria, the capacity is about 10% higher.
[image: image8.wmf]
Figure 7 Plot of the overload for the hot-spot micro-cell scenario, including the effects of measurement errors in the handover criteria. The different curves for each criteria correspond to a measurement error with a standard deviation of 0, 0.5, 1, and 2 dB, respectively. The highest curve, for each criteria, corresponds to the largest measurement error.
Looking at the results in Figure 7, including the effects of measurement errors in the simulations, several observations can be made.

· Even with a 2dB error, using the CPICH RSCP/ISCP criteria gives higher capacity than using the idealised 0dB error CPICH RSCP/RSSI criteria.

· The CPICH RSCP/ISCP criteria is less sensitive to measurement errors than the CPICH RSCP/RSSI criteria. The capacity gain using the CPICH RSCP/ISCP criteria grows from about 10% at 0dB error, to about 30% at 2dB error.
[image: image9.wmf]
Figure 8 Plot of the overload for the hot-spot micro-cell scenario, including the effects of soft handover.
Including soft handover  in the simulations, see Figure 8, we note that:

· The overall capacity goes down for both criteria, as compared to the simulation without soft handover.

· The capacity gain using the CPICH RSCP/ISCP criteria is about 10%. and thus, the gain is in this case more or less unaffected by soft handover.
2.4.3 Case 7

The simulations were made for a macro-cell scenario, the base stations 2000m apart, with 128kbit/s user data rate and with homogenous traffic distribution. The orthogonality factor ( was 0.6.
[image: image10.wmf]
Figure 9 Overload plot for the macro-cell scenario, showing only negligible differences between the two handover criteria
The results of the standard simulation, without measurement error and soft handover effects, are shown in Figure 9.
· The capacity limit is reached at a load of roughly 32 UE’s for both handover criteria.

· The capacity is in this case the same for the two handover criteria.
[image: image11.wmf]
Figure 10 Plot of the overload for the macro-cell scenario, including the effects of measurement errors in the handover criteria. The different curves for each criteria correspond to a measurement error with a standard deviation of 0, 0.5, 1, and 2 dB, respectively. The highest curve, for each criteria, corresponds to the largest measurement error.
Looking at the results in Figure 10, including the effects of measurement errors in the simulations, we make a few observations.
· The CPICH RSCP/ISCP criteria is less sensitive to measurement errors than the CPICH RSCP/RSSI criteria.
· Even though no difference can be seen between the two handover criteria for the idealised 0dB error simulations, once measurement errors are taken into acount, a capacity gain can be seen using the CPICH RSCP/ISCP criteria.
· The capacity gain using the CPICH RSCP/ISCP criteria is approximately 2% at 2dB measurement error.
[image: image12.wmf]
Figure 11 Plot of the overload for the macro-cell scenario, including the effects of soft handover.
Including soft handover  in the simulations, see Figure 11, we note that:

· The overall capacity goes down for both criteria, as compared to the simulation without soft handover.
· A minor capacity gain of about 2% can be seen using the CPICH RSCP/ISCP criteria.
2.4.4 Case 7h
The simulations were made for a macro-cell scenario, the base stations 2000m apart, with 128kbit/s user data rate and with a hotspot on the cell border. The orthogonality factor ( was 0.6. REF _Ref468459597 \h 

[image: image13.wmf]
Figure 12 Overload plot for the hot-spot macro-cell scenario, showing significant capacity gains using the CPICH SIR criteria
The results of the standard simulation, without measurement error and soft handover effects, are shown in Figure 12.

· The use of CPICH RSCP/ISCP as handover criteria results in a significant capacity gain of about 7% as compared to the use of CPICH RSCP/RSSI. 
[image: image14.wmf]
Figure 13 Plot of the overload for the hot-spot macro-cell scenario, including the effects of measurement errors in the handover criteria. The different curves for each criteria correspond to a measurement error with a standard deviation of 0, 0.5, 1, and 2 dB, respectively. The highest curve, for each criteria, corresponds to the largest measurement error.
Looking at the results in Figure 13, including the effects of measurement errors in the simulations, several observations can be made.

· Even with a 1dB error, using the CPICH RSCP/ISCP criteria gives as high capacity as when the idealised 0dB error CPICH RSCP/RSSI criteria is used.

· The CPICH RSCP/ISCP criteria is in this case slightly more sensitive to measurement errors than the CPICH RSCP/RSSI criteria. The capacity gain using the CPICH RSCP/ISCP criteria is reduced from about 7% at 0dB error, to about 5% at 2dB error.
[image: image15.wmf]
Figure 14 Plot of the overload for the hot-spot macro-cell scenario, including the effects of soft handover.
Including soft handover  in the simulations, see Figure 14, we note that:

· The overall capacity goes down for both criteria, as compared to the simulation without soft handover.

· The capacity gain seen using the CPICH RSCP/ISCP criteria in the simulations without soft handover, is not seen here. No difference in capacity can be seen between the two handover criteria.
2.4.5 Case 8

The simulations were made for a macro-cell scenario, the base stations 2000m apart, with 128kbit/s user data rate and with asymmetric cell load. The orthogonality factor ( was 0.6.

[image: image16.wmf]
Figure 15 Overload plot for the macro-cell scenario with asymmetric cell load.

The results of the standard simulation, without measurement error and soft handover effects, are shown in Figure 9.
· A minor capacity loss of about 1% can be seen using the CPICH RSCP/ISCP criteria.
[image: image17.wmf]
Figure 16 Plot of the overload for the asymmetric load, macro-cell scenario, including the effects of measurement errors in the handover criteria. The different curves for each criteria correspond to a measurement error with a standard deviation of 0, 0.5, 1, and 2 dB, respectively. The highest curve, for each criteria, corresponds to the largest measurement error.
The results in Figure 16, show the effects of measurement errors in the simulations.

· The CPICH RSCP/ISCP criteria is less sensitive to measurement errors than the CPICH RSCP/RSSI criteria. The minor capacity loss of  about 1% using the CPICH RSCP/ISCP criteria for idealised 0dB error measurements, is thus turned into a minor capacity gain of the same magnitude at 2dB measurement error.
[image: image18.wmf]
Figure 17 Plot of the overload for the macro-cell scenario with asymmetric cell load, including the effects of soft handover.
Including soft handover in the simulations, see Figure 17, we note that:

· The overall capacity goes down for both criteria, as compared to the simulation without soft handover.

· A minor capacity gain of about 1% can be seen using the CPICH RSCP/ISCP criteria.
2.5 Summary of the simulation results
The simulation results for the different scenarios are summarised in Table 3, from which a few general observations can be made.

Case 6
Case 6h
Case 7
Case 7h
Case 8

Standard simulation
+5%
+10%
0%
+7%
-1%

2 dB measurement  error
+20%
+30%
+2%
+5%
+1%

Soft handover
+10%
+10%
+2%
0%
+1%

Table 3 Capacity gain from the use of CPICH RSCP/ISCP as handover criteria as compared to the capacity achieved using CPICH RSCP/RSSI as handover criteria, for different scenarios and conditions.
· In the micro-cell scenario (case 6) substantial capacity gains can be seen using the CPICH RSCP/ISCP criteria. This fact is very important since micro and pico cells can be expected to be abundant in a UMTS system.

· The CPICH RSCP/ISCP criteria is less sensitive to measurement errors than CPICH RSCP/RSSI, and thus the capacity gain for the CPICH RSCP/ISCP criteria is enhanced when measurement errors are included in the simulations.

· Hot spots on the cell border give rise to substantial capacity gains for the CPICH RSCP/ISCP criteria, both in the micro-cell (case 6h) and in the macro-cell (case 7h) scenarios.

· In the macro-cell scenario with homogenous load (case 7) as well as with assymetric load (case 8), no substantial differences can be seen between the two handover criteria.

· For a realistic evaluation of soft handover effects, our opinion is that a simulation including mobility and fast fading would be needed. We note, however, that soft handover with link addition and link dropping parameters as chosen by Nokia, enhances the capacity gains of the CPICH RSCP/ISCP criteria.
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3 UE complexity
The CPICH RSCP/ISCP measurement is a bit more demanding than the CPICH RSCP/RSSI measurement. This is due to the fact that RSSI measurement is very simple. The UE complexity and the measurement error from this measurement can in fact for our purposes be neglected. The RSCP and the ISCP measurements, on the other hand are, as shown by Nokia in R4#8(99)642, similar from a complexity and measurement error point of view. The difference between the two measurements is consequently that of the use of ISCP in addition to RSCP for CPICH RSCP/ISCP as compared to CPICH RSCP/RSSI.
If the same sampling time is used and the measurements are performed in parallel, roughly the same measurement error  would be achieved for CPICH RSCP/ISCP as for CPICH RSCP/RSSI, at the cost of a somewhat increased complexity. To be more precise, a slightly larger error  (larger by a factor (2) should be expected for CPICH RSCP/ISCP since the errors from the two measurements add.
Alternatively, the same measurement error could be achieved without increased complexity using a longer sampling time.
Note also that the CPICH RSCP/ISCP measurement with a 2dB measurement error is still better than the idealised 0 dB CPICH RSCP/RSSI measurement in the micro-cell scenario. A third alternative could consequently be, without increased complexity and using the same sampling time, to accept a larger measurement error.
In real life a combination of these choices would most likely be optimal.
The “complexity factor” is therefore at the most conservative estimate a factor 3 rather than a factor 250, which was the correct but irrelevant outcome of a comparison of ISCP to RSSI in [3]. 
This “complexity factor” of 3, can in fact be further reduced. So far we have implicitly assumed in our discussion that the requirement on the UE is to perform one measurement in a certain time. The real requirement is, however, to perform a number of measurements on different cells, the details being open to manufacturer optimisation, in order to detect a measurement reporting event within a certain time limit (a typical event could be that CPICH RSCP/ISCP has become larger for a cell not in the active set than for one of the cells in the active set). The event triggered measurement report is next used by the network to make a correct handover decision.
To fulfil this requirement all cells need not be measured with the same accuracy. Many cells will be so weak that they can be excluded, even taking a large measurement error into account. Further more, since ISCP (or, for inter frequency handover, ISCP/RSSI) is varying much less than RSCP many cells can be excluded without measuring ISCP even when the CPICH RSCP/ISCP is used as handover criteria. The full CPICH RSCP/ISCP measurement need only be performed for the cells that are close to triggering a measurement report. Considering that most of the cells that need to be measured are very weak, this should result in a really substantial reduction of the “complexity factor”.
The same methodology can be used also for cell selection and cell reselection, where the cell selection decision is taken in the UE, and the requirement is to make the correct decision within a certain time constraint.
One should also note that the complexity factor refers to the very specific simultaneous measuring capacity of the UE. It is not an overall UE complexity factor, and needless to say it is even less of a UE price factor. Obviously the effect of the inclusion of the CPICH RSCP/ISCP measurement, on overall UE complexity and price, would be marginal.
4 Code shortage

The capacity of a CDMA system is normally limited by interference, and this has been the underlying assumption of the study presented here. 
In a comparison of the interference limited capacity for RSCP/ISCP as compared to RSCP/RSSI it is not necessary to get the absolute value of the capacity correct, only the difference between the two handover criteria is important, and therefore idealised one-dimensional simulations as those presented here are sufficient. It is also not very critical what kind of services and SIR targets are chosen.
To study code shortage, on the other hand, it is absolutely crucial to get the absolute value of the interference limit on capacity correct. To study code shortage it is therefore necessary to use a full two-dimensional model with at least three times three cell-sites on a torus, in order to get a correct neighbour interference.
Fortunately, it is quite easy to see that code shortage should not be expected under normal circumstances. Code limited capacity in a network with a frequency reuse of one, would correspond to a most fantastic spectrum efficiency, way above the expectations for UTRAN.
To study code shortage it would also be important to choose service types and SIR targets in a realistic way. In a third generation system a big portion of the bandwidth can be expected to be used for heavily compressed data (video/multi-media etc), that requires very low bit error rates and correspondingly high SIR values. From an interference limitation perspective the relevant measure of system load is equivalent bandwidth (SIR times bitrate). The code usage per system load unit is thus inversely proportional to the SIR value used, and the SIR value has therefore a very big effect on code shortage. With a high SIR value the risk of code shortage is even further reduced.






5 Conclusions and proposal
We have seen that the use of CPICH RSCP/ISCP as handover criteria results in substantial capacity gains in the micro-cell scenario. Since the microcell scenario is expected to be very important for UMTS, and since we have also seen that the increase in UE complexity is quite small, we propose that the feasibility of CPICH RSCP/ISCP as handover criteria should be confirmed by RAN WG4. The usage of CPICH RSCP/ISCP for cell selection and reselection, putting less stringent requirements on the UE, should also be confirmed.
We propose that liaison statements should be sent to RAN WG1, RAN WG2 and to TSG RAN, informing them of the decision taken by RAN WG4.
The work in RAN WG4 concerning this issue should now be focused on defining the UE requirements.
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� In this contribution we will use SIR (which is slightly ambiguous) to mean RSCP/ISCP.
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