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RAN2 would like to inform RAN4 of the current status of the CPICH Rx SIR measurement within the RAN2 specifications. 

At RAN2#8, a proposal to remove this measurement was discussed but no consensus was reached and so the measurement remains in 25.302. At RAN2#9 simulations where presented (r2-99h64) indicating that, in some scenarios, significant gains in capacity could be obtained through the use of the CPICH Rx SIR measurement for handover and cell selection / reselection purposes. Still, concerns were raised by some companies regarding the UE complexity, measurement time and accuracy

As a result of the discussion, this measurement has been confirmed as being mandatory for the UE in 25.302 version 3.1.0, provided RAN WG4 confirms the feasibility of this measurement for the following functions:

· Intra-frequency handover

· Inter-frequency handover

· Intra-frequency cell selection and reselection in idle mode

· Inter-frequency cell selection and reselection in idle mode

· Intra-frequency cell selection and reselection in connected mode

· Inter-frequency cell selection and reselection in connected mode

· Immediate cell evaluation

The following items are asked to be considered:

· Measurement accuracy

· Measurement time 

· Number of measurements required per second

· Feasibility for inter-frequency measurements during compressed mode

RAN2 has evaluated the usefulness of using the SIR from the RRM perspective and has decided to include the measurement quantity in its specifications. However, RAN2 would like to receive a confirmation from RAN4 concerning the feasibility of the SIR measurement from a performance point of view.
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1 Introduction


At the RAN WG2 meeting #8 in Korea, Nokia proposed [1] that the RSCP/ISCP measurement should be removed as a mandatory measurement quantity. The proposal was based on simulations [2] comparing the use of  SIR
 (RSCP/ISCP) to Ec/N0 (RSCP/RSSI) as criteria for HO and cell selection/reselection, and on terminal complexity arguments [3]. The simulation results had previously been presented to RAN WG4, but this was the first time they were presented to RAN WG2, responsible for judging the necessity of measurements from a radio resource management perspective.


The Nokia simulations show BS total output powers at low to moderate load. This is however not relevant for the question addressed.


In a CDMA system, as the load is increased the BS total output power increases, and at some finite load the BS total output power diverges. Obviously a system can not be operated at this maximal load, a capacity margin is needed, but the maximal load still sets the level for the system capacity.


To see the effect on system capacity by the choice of SIR (RSCP/ISCP) or Ec/N0 as HO criteria the system must be studied at large load, close to the capacity limit. Telia has therefore extended the simulations made by Nokia to larger load. Simulations have also been performed for certain hot spot scenarios for which the use of the SIR measurement can be expected to be of extra importance.


In section 2 the simulations performed by Telia are presented and discussed. In section 3 the stability of the SIR criteria for HO purposes is discussed. Finally, in section 4 conclusions are drawn and proposals are made.

2 Simulations


2.1 Simulation model


The simulations were modelled on the simulations made by Nokia as far as the information given in [2] allowed, and of course subject to extensions made by Telia.


Thus, 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.


No macrodiversity was implemented. The better cell according to the two different HO criteria was chosen, based on ideal UE measurements.


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 1000 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 Simulations


Simulations were made for five different scenarios. Four of these correspond to the simulations by Nokia [2] and are labelled similarly as case 1 to case 4. The fifth scenario is similar to case 1 but with the addition of a hot spot half way between the base stations and is labelled case 1h. The simulation parameters are given in Table 1.




Case 1

Case 1h

Case 2

Case 3

Case 4



Path loss model

macro

macro

macro

macro

micro



Distance between BS’s

2000m

2000m

2000m

2000m

1000m



Proportion of UE’s in: 













· BS1 region [0,d/2]

50%

33.3%

70%

50%

50%



· BS2 region [d/2,d]

50%

33.3%

30%

50%

50%



· Hotspot region [d/2-50,d/2+50]

0%

33.3%

0%

0%

0%



Common channel constant power at: 













· BS1

1W

1W

1W

3W

0.1W



· BS2

1W

1W

1W

0.5W

0.1W



User bitrate

128kbit/s

128kbit/s

128kbit/s

128kbit/s

512kbit/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)

0.5

0.5

0.5

0.5

1



Antenna gain

15 dB

15 dB

15 dB

15 dB

3 dB



Table 1 Simulation parameters. Parameters ‘defining’ the simulation cases have been marked bold.

In section 2.2.1 to 2.2.5 the results of the simulations are described.


For each simulation case plots are given of the base station total output powers as a function of load (see e.g. Figure 1). Here the divergence of the output powers at maximum load can be directly seen (though cut for practical reasons at 20W).


Plots are also given of the proportion of overloaded snapshots (that is with diverging base station output powers) as a function of load  (see e.g. Figure 3). In these plots a steep step from zero to 100% overloaded snapshots is seen at the maximum load.

In section 2.2.6 some general remarks on the simulation results are made.

2.2.1 Case 1


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 0.5.


The results are shown in Figure 1, and Figure 3.

Observations 


· At very low load the output powers are the same for the two criteria, but at higher load the output powers corresponding to the Ec/N0 criteria start to grow faster than the output powers corresponding to the SIR criteria.


· At a load of  roughly 30 UE’s the maximal load is reached for the Ec/N0 criteria simulations and the corresponding output powers diverge.


· At a load of roughly 36 UE’s the maximal load is reached also for the SIR criteria simulations.


· The maximal load is approximately 20% higher when the SIR criteria is used as compared to when the Ec/N0 criteria is used in the simulations.


Comparison with Nokia simulations


At low load where the comparison can be made the results are almost identical. The difference in ouput power between the SIR and Ec/N0 criteria simulations are however a bit larger in the Telia simulations.
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Figure 1 Mean total ouput powers from the two base stations as a function of load.

[image: image3.wmf]

Figure 3 Proportion of overloaded snapshots as a function of load.
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2.2.2 Case 2: Asymmetric load










The Simulations were done just as in case 1 except that the traffic distribution was asymmetric. On the average 70% of the UE’s were closest to BS1, while 30% were closest to BS2.

The results are shown in Figure 7, and Figure 8.

Observations 


· At a load of  roughly 30 UE’s the maximal load is reached for the Ec/N0 criteria simulations and the corresponding output powers diverge.


· At a load of roughly 36 UE’s the maximal load is reached also for the SIR criteria simulations.


· The maximal load is approximately 20% higher when the SIR criteria is used as compared to when the Ec/N0 criteria is used in the simulations.


· At intermediate load (6 to 23 UE’s) the ouput power of BS1, the highly loaded BS, is slightly (a small fraction of a dB) higher for the SIR criteria than for the Ec/N0 criteria. 


· At high load (above 24 UE’s) the ) the ouput power of BS1, the highly loaded BS, is however higher for the Ec/N0 criteria than for the SIR criteria.


· The summed Ec/N0 output power is higher or equal than the summed SIR output power for all loads.


Comparison with Nokia simulations


At low load where the comparison can be made the results are almost identical.
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Figure 7 Mean total ouput powers from the two base stations as a function of load.
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Figure 8 Proportion of overloaded snapshots as a function of load.

2.2.3 Case 3: Asymmetric common cannel power










The Simulations were done just as in case 1 except that the common channel constant output powers were asymmetric. The common channel constant output power of BS1 was 3W, while that the common channel constant output power of BS2 was 0.5W.

The results are shown in Figure 11, and in Figure 13.

Observations 


· At a load of  roughly 29 UE’s the maximal load is reached for the Ec/N0 criteria simulations and the corresponding output powers diverge.


· At a load of roughly 34 UE’s the maximal load is reached also for the SIR criteria simulations.


· The maximal load is approximately 17% higher when the SIR criteria is used as compared to when the Ec/N0 criteria is used in the simulations.


· At intermediate load (up to 23 UE’s) the ouput power of BS1, the BS with high common channel constant output power, is slightly (less than a dB) higher for the SIR criteria than for the Ec/N0 criteria. 


· At high load (above 24 UE’s) the ouput power of BS1, the BS with high common channel constant output power, is however higher for the Ec/N0 criteria than for the SIR criteria.


· The summed Ec/N0 output power is higher or equal than the summed SIR output power for all loads.


Comparison with Nokia simulations


At low load where the comparison can be made the results are almost identical.
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Figure 11 Mean total ouput powers from the two base stations as a function of load.


[image: image11.wmf]

Figure 13 Proportion of overloaded snapshots as a function of load.





2.2.4 Case 4: Micro-cell scenario with exact orthogonality










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 equal to 1, and thus there was no interference from home cell.

The results are shown in Figure 17, and in Figure 19.

Observations 


· At very low load the output powers are the same for the two criteria, but at higher load the output powers corresponding to the Ec/N0 criteria start to grow faster than the output powers corresponding to the SIR criteria.


· At a load of  roughly 13 UE’s the maximal load is reached for the Ec/N0 criteria simulations and the corresponding output powers diverge.


· The maximal load was not reached in the SIR criteria simulations.


· The maximal load is very much higher when the SIR criteria is used as compared to when the Ec/N0 criteria is used in the simulations. In reality other limitations than interference, such as network hardware or code shortage would be the limiting factor for the SIR based case.


Comparison with Nokia simulations


· At low load where the comparison can be made the results for the SIR case are almost identical.


· The Ec/N0 output powers start out at low load at the same level in the Nokia and Telia simulations.


· The Ec/N0 output powers start to diverge much earlier in the Telia simulations as compared to the ones made by Nokia.
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Figure 17 Mean total ouput powers from the two base stations as a function of load.
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Figure 19 Proportion of overloaded snapshots as a function of load.


2.2.5 Case 1h: Hot-spot load










The Simulations were done just as in case 1 except that the traffic distribution was inhomogenous. A 100m long hotspot located half way between the two basestations carried one third of the traffic. The remaining two thirds of the traffic was homogenously distributed.

The results are shown in Figure 23, and in Figure 25.

Observations 


· The results are qualitatively very similar to case one but the difference between the two criteria is bigger.


· At a load of  roughly 29 UE’s the maximal load is reached for the Ec/N0 criteria simulations and the corresponding output powers diverge.


· At a load of roughly 36 UE’s the maximal load is reached also for the SIR criteria simulations.


· The maximal load is approximately 24% higher when the SIR criteria is used as compared to when the Ec/N0 criteria is used in the simulations.
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Figure 23 Mean total ouput powers from the two base stations as a function of load.
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Figure 25 Proportion of overloaded snapshots as a function of load.

2.2.6 Concluding remarks on the simulations


The extension of the simulations to large loads clearly show that the SIR criteria for HO and cell selection/reselection give large gain in capacity as compared to the Ec/N0 criteria. Differences of the order of 20% were seen for all simulation cases. Even larger gains were seen for the hot spot scenario, and for the micro cell scenario.


At low loads were the simulations made by Telia and Nokia could be compared, the results were very similar. In case 4 some differences were seen., possibly due to some differences in parameter settings or definitions.


The important difference between the Telia and Nokia simulations is, however, that the Telia simulations were extended to large loads, while the Nokia simulations were all cut right at the onset of the Ec/N0 output power divergence.


3 The stability issue


Due to the use of orthogonal codes in the downlink, it is beneficial for a UE to connect to a highly loaded cell. Part of the interference from that cell is then avoided. This is what the SIR criteria sees, and uses to increase the capacity. The effect is however self-enforcing since the UE making that choice makes the cell even more loaded. This is sometimes referred to as the instability of the SIR criteria.

This instablity of the simple SIR criteria can however easily be controlled by the dominating network controlled HO/soft HO.


The network can use it’s knowledge of how loaded the cells are, and what the limitations in terms of codes or network hardware are. The NW can e.g. use this knowledge to dynamically set cell offset values for the SIR criteria to control that the cell load is kept within limits.

As an alternative a combination of  SIR and Ec/N0 measurements can be used. The SIR criteria can then be used up to a maximal cell size as defined in terms of Ec/N0.

Note that the NW controlled HO algorithm is open to manufacturer optimisation.

With cell load stabilised by the network controlled HO, the simple SIR criteria can safely be used for cell selection/reselection. Static, or semi-static cell offsets may of course be used.

4 Conclusions and proposal

We have seen that the SIR measurement is needed for HO and cell selection/reselection. The removal of the SIR measurement would have severe impacts on system capacity, and even if the measurement would cause considerable increase in terminal complexity it must be mandatory.

We note that a measurement that is not mandatory for all UE’s is useless for HO purposes, and thus that the RSCP/ISCP measurement must be mandatory for all UE’s in release 99.

We propose that a liaison statement is sent to TSG RAN WG4, informing them that the current status of RSCP/ISCP as a mandatory measurement is kept, and kindly asking them to define the requirements for the RSCP/ISCP measurement, for HO and cell selection/reselection usage.

Likewise we propose that a liaison statement is sent to TSG RAN WG1, informing them that the current status of RSCP/ISCP as a mandatory measurement is kept, and kindly asking them to include the RSCP/ISCP measurement description in the release 99 specifications.

The Ec/N0 criteria is useful when the uplink is the limiting link, or when the geometrical size of a cell need to be rigorously controlled. For cell selection/reselection we therefore propose that the SIR and the Ec/N0 criteria are used alternatively based on cell broadcast.
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� In this contribution we will use SIR (which is slightly ambiguous) to mean RSCP/ISCP.
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