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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 taking inter-cell interference into account. 

The changes to this document since last meeting consist of a number of changes in the simulation assumptions. A more realistic receiver model is used and modelling of RLA_C measurements is added. The interference scenario based on packet data interference was removed since it was considered to be the less pessimistic scenario in terms of interference.
The changes in assumptions are marked in red.
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], with the assumption that long-term average path loss of the uplink and downlink is assumed to be the same for a particular user. Fast fading is assumed independent for uplink and downlink, and is applied on this long-term average path loss value.

· Assumptions in [2] are modified by assuming the MSs to be outdoors and have TU3 channels, with regards to fast fading towards serving BTS. The interference scenario is also slightly modified, without power backoff but instead with CS power control and DTX corresponding to 60% voice activity, since this scenario has been shown to be more pessimistic.
· 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 MS estimates RSS by averaging 5 fast fading bursts on the BCCH carrier according to RLA_C description in 45.008, modelling the fact that the MS may make erroneous decisions to reduce power based on inaccurate estimations.
· BTS receiver is assumed to be single antenna or MRC, with performance according to figure 1 that shows FER as a function of C/I.

· The carrier strength C represents the long-term average of the received signal, i.e. fast fading does not need to be applied as it is already inherent in the model. The interference is the sum of the carrier strength of access bursts from other MS and inter-cell interference.

· The arrival of users is modelled as a Poisson process with a user arrival intensity of 5, 10, 20, 40 or 80 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.
2.1 Link model of RACH

Compared to [1] the link model of the RACH has improved which significantly has shown to improve performance. The previous model in [1] was solely based on requirements in 3GPP TS45.005 where the reference interference performance of the RACH was modelled in a binary manner. I.e. C/I levels above the specified requirement resulted in the specified block error rate while C/I level lower than the specified requirements were treated as 100 % BLER. The earlier used link model is depicted together with the current model in figure 1. As can be seen, the more realistic performance is significantly better to the earlier used model which explains the considerable impact seen on the simulated results, see Section 3.1. 
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	Figure 1. Receiver mappings used.


3 Scenarios and results

Figure 2 shows the simulated distributions of received burst power for carrier and interference. 
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	Figure 2. BTS received carrier and interference burst power.


3.1 Results
Table 1 show the simulation results. 100 % penetration is assumed for the simulations of the MS type with the power limiting feature

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. 

Note that user arrival intensity corresponds to the average number of mobiles that initiates a connection attempt each second, not the actual number of access bursts transmitted, which was measured to be up to 20-30 % higher than the user arrival intensity in these scenarios.

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

	
	Single Antenna
	MRC

	Max re-trans.
	User arrivals intensity

	Legacy
	4-8 dB
	8-12 dB
	Legacy
	4-8 dB
	8-12 dB

	1
	5
	0.44 %
	0.45 %
	0.45 %
	0.22 %
	0.22 %
	0.22 %

	
	10
	0.59 %
	0.61 %
	0.63 %
	0.32 %
	0.34 %
	0.36 %

	
	20
	1.04 %
	1.10 %
	1.17 %
	0.67 %
	0.73 %
	0.73 %

	
	40
	2.41 %
	2.57 %
	2.69 %
	1.80 %
	1.90 %
	1.96 %

	
	80
	7.28 %
	8.03 %
	8.32 %
	5.95 %
	6.44 %
	6.61 %

	2
	5
	0.15 %
	0.15 %
	0.15 %
	0.09 %
	0.09 %
	0.10 %

	
	10
	0.17 %
	0.20 %
	0.20 %
	0.11 %
	0.11 %
	0.11 %

	
	20
	0.26 %
	0.28 %
	0.28 %
	0.15 %
	0.16 %
	0.17 %

	
	40
	0.62 %
	0.67 %
	0.71 %
	0.41 %
	0.44 %
	0.45 %

	
	80
	2.86 %
	3.26 %
	3.44 %
	2.12 %
	2.34 %
	2.44 %

	4
	5
	0.06 %
	0.06 %
	0.07 %
	0.05 %
	0.05 %
	0.05 %

	
	10
	0.07 %
	0.07 %
	0.07 %
	0.05 %
	0.05 %
	0.05 %

	
	20
	0.08 %
	0.08 %
	0.08 %
	0.05 %
	0.05 %
	0.05 %

	
	40
	0.12 %
	0.12 %
	0.12 %
	0.08 %
	0.08 %
	0.08 %

	
	80
	0.56 %
	0.63 %
	0.67 %
	0.35 %
	0.38 %
	0.39 %

	7
	5
	0.04 %
	0.04 %
	0.04 %
	0.03 %
	0.03 %
	0.03 %

	
	10
	0.04 %
	0.04 %
	0.04 %
	0.03 %
	0.03 %
	0.03 %

	
	20
	0.04 %
	0.04 %
	0.04 %
	0.03 %
	0.03 %
	0.03 %

	
	40
	0.05 %
	0.05 %
	0.05 %
	0.04 %
	0.04 %
	0.04 %

	
	80
	0.11 %
	0.12 %
	0.12 %
	0.07 %
	0.07 %
	0.07 %


I can be seen that for low values of Max. Re-trans, the power limiting feature may cause degraded performance, but as soon as this value is increased, the performance degradation is significantly reduced.
3.2 Results for mixed population
Simulations were also done on a 50/50% mix of legacy mobiles and for the MS type with power limitation.  Results can be seen in table 2. The purpose is to see whether legacy MS get an unfair advantage compared with power limited MS. For small values of M and/or extreme loads, it is possible to see a small indication towards this. For all loads up to 40 connecting users per second and M being at least four, this performance difference very difficult to see in the simulated statistics.
Table 2. Access failure rate for the different parameter combinations, mixed population.
	
	Single Antenna
	MRC

	Max re-trans.
	User arrivals intensity

	Total
	Legacy
	Power limited (8-12)
	Total
	Legacy
	Power limited (8-12)

	1
	5
	0.44 %
	0.44 %
	0.44 %
	0.22 %
	0.20 %
	0.24 %

	
	10
	0.60 %
	0.57 %
	0.63 %
	0.34 %
	0.34 %
	0.34 %

	
	20
	1.04 %
	0.96 %
	1.13 %
	0.69 %
	0.65 %
	0.74 %

	
	40
	2.51 %
	2.29 %
	2.74 %
	1.85 %
	1.68 %
	2.03 %

	
	80
	7.76 %
	6.96 %
	8.55 %
	6.24 %
	5.56 %
	6.92 %

	2
	5
	0.16 %
	0.15 %
	0.17 %
	0.10 %
	0.07 %
	0.12 %

	
	10
	0.18 %
	0.16 %
	0.21 %
	0.11 %
	0.08 %
	0.14 %

	
	20
	0.26 %
	0.25 %
	0.28 %
	0.16 %
	0.16 %
	0.17 %

	
	40
	0.64 %
	0.60 %
	0.68 %
	0.42 %
	0.40 %
	0.44 %

	
	80
	3.12 %
	2.82 %
	 3.41 %
	2.26 %
	2.03 %
	2.49 %

	4
	5
	0.06 %
	0.06 %
	0.07 %
	0.05 %
	0.05 %
	0.05 %

	
	10
	0.06 %
	0.06 %
	0.07 %
	0.05 %
	0.05 %
	0.05 %

	
	20
	0.08 %
	0.08 %
	0.08 %
	0.06 %
	0.05 %
	0.06 %

	
	40
	0.12 %
	0.12 %
	0.12 %
	0.08 %
	0.08 %
	0.08 %

	
	80
	0.61 %
	0.58 %
	0.68 %
	0.36 % 
	0.33 %
	0.38 %

	7
	5
	0.04 %
	0.04 %
	0.04 %
	0.03 %
	0.03 %
	0.03 %

	
	10
	0.04 %
	0.04 %
	0.04 %
	0.03 %
	0.03 %
	0.03 %

	
	20
	0.04 %
	0.04 %
	0.05 %
	0.03 %
	0.03 % 
	0.03 %

	
	40
	0.05 %
	0.05 %
	0.05 %
	0.04 %
	0.04 %
	0.04 %

	
	80
	0.11 %
	0.10 %
	0.12 %
	0.07 % 
	0.06 %
	0.07 %


4 Conclusions

This paper shows improvements in the amount of degradation since the previous meeting mainly due to the more realistic receiver model which previously was assumed very pessimistic.
No significant degradation can be seen for the higher settings of Maximum retransmissions and non-extreme loads. 
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