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1 Introduction

Potential problems associated with MS access power levels have previously been discussed in [1]. A suggestion is to limit this power level when being very close to a BTS, but concerns have been expressed that an MS with limited access power levels might show degraded RACH performance when accessing at the same time as a legacy MS. It has also been stated that inter-cell interference can not be omitted when evaluating potential degradation. This contribution contains simulation results that quantify the degradation using a pessimistic model of RACH access to the network taking inter-cell interference into account. 

The changes to this document since last meeting consists mainly of an increase in the parameters covered, i.e. all possible values of the maximum number of RACH re-transmission covered and a number of different cell loads. The unrealistic scenarios with RXLEV_ACCESS_MIN at -48 dBm and no inter-cell interference have been removed. 
2 Simulation model

· A single cell is studied.
· Inter-cell interference and wanted signal levels are drawn from network simulator traces.

· All simulator assumptions are as proposed in [2]. MSs are however assumed to be outdoors and have TU3 channels, with regards to fast fading towards serving BTS. For comparison another interference scenario is studied, without power backoff but instead with CS power control and DTX corresponding to 60% voice activity.
· Two types of MS access power levels are modelled, the legacy MS (without the limiting feature) and an MS where the access power is reduced by 8-12 dB or 4-8 dB when RSS exceeds ‑48 dBm, further described in [1]. The RSS measurements are done on the average of the fast fading signal.

· A simplistic link-to-system interface is assumed: For possible reception of an access burst, CRACH/I needs to be greater than 9 dB (RACH reference interference ratio, TU3, 45.005). On top of this an error rate of 15% is added (RACH reference interference performance, TU3, 45.005). I is the sum of access bursts from other MSs and inter-cell interference.

· The arrival of users is modelled as a Poisson process with an intensity of 5, 10, 20 or 40 arrivals per second.

· The parameters to distribute retransmissions are described in 44.018, and is chosen as proposed in [2] Tx-integer=20, S=109 and max retrans (M)=1, 2, 4 or 7.

· Three hours of access attempts are simulated for each simulation point.

3 Scenarios and results

Figure 1 shows the simulated distributions of received burst power for carrier and interference. Given that the C/I-criterion is 9 dB and that C and I are independent, it can be seen that in all scenarios, there are times when inter-cell interference blocks the delivery of an access burst. It can also be seen that the interference scenario based on the MTC assumptions has slightly lower power levels.
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	Figure 1. BTS received carrier and interference burst power.


Figures 2 through 17 show simulated RACH failure rate for the different MS types, cell loads and maximum number of RACH re-transmissions. Each colour represents an MS population: Legacy MSs, mobiles with the proposed power reduction feature or all mobiles. Each colour occurs four times in each figure, representing the possible values of parameter M. The results are further divided into the two interference scenarios and the two levels of power reduction. 

It can be noted that the RACH failure rate for each MS type is fairly flat when varying the MS penetration, which means that the failures are primarily related to inter-cell interference and not competition between the mobile types. 
3.1 5 MS arrivals per second
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	Figure 2. RACH failure rate. 
Scenario: PC+DTX. 8-12 dB
	Figure 3. RACH failure rate. 
Scenario: PC+DTX. 4-8 dB
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	Figure 4. RACH failure rate. 
Scenario: MTC. 8-12 dB
	Figure 5. RACH failure rate. 
Scenario: MTC. 4-8 dB


3.2 10 MS arrivals per second
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	Figure 6. RACH failure rate. 
Scenario: PC+DTX. 8-12 dB
	Figure 7. RACH failure rate. 
Scenario: PC+DTX. 4-8 dB
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	Figure 8. RACH failure rate. 
Scenario: MTC. 8-12 dB
	Figure 9. RACH failure rate. 
Scenario: MTC. 4-8 dB


3.3 20 MS arrivals per second
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	Figure 10. RACH failure rate. 
Scenario: PC+DTX. 8-12 dB
	Figure 11. RACH failure rate. 
Scenario: PC+DTX. 4-8 dB
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	Figure 12. RACH failure rate. 
Scenario: MTC. 8-12 dB
	Figure 13. RACH failure rate. 
Scenario: MTC. 4-8 dB


3.4 40 MS arrivals per second
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	Figure 14. RACH failure rate. 
Scenario: PC+DTX. 8-12 dB
	Figure 15. RACH failure rate. 
Scenario: PC+DTX. 4-8 dB
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	Figure 16. RACH failure rate. 
Scenario: MTC. 8-12 dB
	Figure 17. RACH failure rate. 
Scenario: MTC. 4-8 dB


3.5 Summary

The main results from the previous figures have been compiled into table 1, based on 0 % and 100 % penetration of the MS type with the power limiting feature. 

Table 1. RACH failure rate for the different parameter combinations.

	
	PC+DTX
	MTC

	Max re-trans.
	Arrivals per second
	Legacy
	4-8 dB
	8-12 dB
	Legacy
	4-8 dB
	8-12 dB

	1
	5
	8.4 %
	8.9 % 
	9.8 %
	5.9 % 
	6.1 %
	6.5 %

	
	10
	9.3 %
	9.9 % 
	10.8 %
	6.8 % 
	7.1 %
	7.6 %

	
	20
	11.0 %
	12.0 % 
	13.2 %
	8.4 % 
	9.0 %
	9.7 %

	
	40
	15.2 %
	17.0 % 
	18.5 %
	12.4 % 
	13.7 %
	14.7 %

	2
	5
	3.7 %
	3.9 %
	4.2 %
	2.2 %
	2.3 %
	2.4 %

	
	10
	4.1 %
	4.4 %
	4.8 %
	2.5 %
	2.7 %
	2.9 %

	
	20
	5.2 %
	5.6 %
	6.2 %
	3.4 %
	3.7 %
	3.9 %

	
	40
	7.9 %
	9.1 %
	10.2 %
	5.8 %
	6.6 %
	7.2 %

	4
	5
	1.4 %
	1.4 %
	1.4 %
	0.69 %
	0.70 % 
	0.71 %

	
	10
	1.5 %
	1.5 %
	1.5 %
	0.78 %
	0.78 % 
	0.79 %

	
	20
	1.8 %
	1.9 %
	2.0 %
	0.98 %
	1.00 % 
	1.04 %

	
	40
	2.9 %
	3.2 %
	3.6 %
	1.7 %
	1.9 % 
	2.0 %

	7
	5
	0.57 %
	0.57 %
	0.57 %
	0.29 %
	0.29 % 
	0.29 %

	
	10
	0.61 %
	0.61 %
	0.62 %
	0.32 %
	0.32 % 
	0.32 %

	
	20
	0.74 %
	0.75 %
	0.76 %
	0.37 %
	0.37 % 
	0.37 %

	
	40
	1.1 %
	1.2 %
	1.3 %
	0.55 %
	0.58 % 
	0.61 %


In the legacy case, to keep the failure rate below e.g. 3 %, M would need to be set to at least 2, preferably 4 depending on expected cell load and interference situation. When introducing the power limited MS this is generally still the case, however for the extreme load of 40 arrivals per second and the higher interference scenario, the failure rate slightly exceeds 3 % for M=4, thus M would need to be set to 7.

As can be seen in the table, the difference between the legacy case and the power reduced cases is not big, as long as the legacy performance is reasonable to begin with.
4 Conclusions

These simulations show that any degradation to the performance of the MS type with the limiting feature is not significantly degraded in competition with legacy MSs. While the power reduction of 8-12 dB may show degraded access performance in a highly loaded high interference scenario, using the smaller power reduction of 4-8 dB will considerably improve the situation. 
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