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1 Introduction

In this contribution we would like to come to an estimate of the expected cell load and asynchronous RACH (aRACH) load in an LTE system.

· Section 2 will show the results of the cell load calculations, which are based on the traffic model introduced by [1], with some refinements.
· Based on this cell load, we will in section 3 also come to an estimate for the asynchronous RACH (aRACH) load.

· In section 4 we try to answer the question from RAN3 indicated in R3-061607.

The results presented in this contribution are intended to be used as a general background for load estimations in LTE.
2 Cell load estimation

Based on the busy hour traffic model described in [1], we have attempted to estimate the cell load for a number of different users in a cell.
In Table 1 we have calculated the “relative cell load” caused by different number of UE’s present in a cell. The range of number of UE’s goes from 1K up to 100K. Note that [2] assumes that the number of users might be as high as 212K in a 500m cell. Therefore the figures we indicate below do not necessarily need to represent the worst case situation.
A brief explanation of the different rows:
·  “RT calls in parallel”
This is the number of voice calls going on in parallel, assuming every user establishes 1 call/hour with a duraction of 90 seconds.

· “Total amount of DL WWW”
This is the total amount of downloaded user plane traffic in bits for non-real-time traffic: it is based on the assumption that every user will have 2 NRT calls per hour, and download 5 WWW pages per call.

· “Relative Cell load”
This is a calculated relative cell load based on the assumption that a 10Mhz cell can handle 400 VOIP calls or an average throughput of 20Mbps of NRT user data.

As can be seen from table 1, with the assumed traffic model, a 10Mhz cell should be able to handle around 7000 UE’s.

	 
	1000
	2000
	3000
	4000
	5000
	6000
	7000
	8000
	9000
	10000
	20000
	50000
	100000

	RT calls in parallel
	25
	50
	75
	100
	125
	150
	175
	200
	225
	250
	500
	1250
	2500

	Total amount of DL WWW
	10000
	20000
	30000
	40000
	50000
	60000
	70000
	80000
	90000
	100000
	200000
	500000
	1000000

	Relative Cell load 
	13.2%
	26.4%
	39.6%
	52.8%
	66.0%
	79.2%
	92.4%
	105.6%
	118.8%
	131.9%
	263.9%
	659.7%
	1319.4%


Table 1: Cell load of 10Mhz cell for different numbers of UE’s in the cell
3 aRACH load

Table 2 continues on the same assumptions, and calculates the aRACH load for the different numbers of UE’s.
	 
	1000
	2000
	3000
	4000
	5000
	6000
	7000
	8000
	9000
	10000
	20000
	50000
	100000

	aRACH load (Idle TAU)
	1.7
	3.3
	5.0
	6.7
	8.3
	10.0
	11.7
	13.3
	15.0
	16.7
	33.3
	83.3
	166.7

	aRACH load (RT)
	0.3
	0.6
	0.8
	1.1
	1.4
	1.7
	1.9
	2.2
	2.5
	2.8
	5.6
	13.9
	27.8

	aRACH load (NRT)
	2.8
	5.6
	8.3
	11.1
	13.9
	16.7
	19.4
	22.2
	25.0
	27.8
	55.6
	138.9
	277.8

	aRACH load (RT HO)
	1.3
	2.5
	3.8
	5.0
	6.3
	7.5
	8.8
	10.0
	11.3
	12.5
	25.0
	62.5
	125.0

	aRACH load (NRT HO)
	8.3
	16.7
	25.0
	33.3
	41.7
	50.0
	58.3
	66.7
	75.0
	83.3
	166.7
	416.7
	833.3

	Total aRACH load
	14.3
	28.6
	42.9
	57.2
	71.5
	85.8
	100.1
	114.4
	128.8
	143.1
	286.1
	715.3
	1430.6


Table 2: Asynchronous aRACH load estimations for a 10Mhz cell
Again a brief description of the different rows:

· “aRACH load (Idle TAU)”:
This is the aRACH load due to TAU. The number is obtained assuming that every UE performs a TAU 6 times/hour.

·  “aRACH load (RT)”
This is the load caused by RT call establishments. No aRACH access is assumed during the VOIP call.
· “aRaCH load (NRT)”
This is the load caused by NRT traffic: one aRACH access attempt per WWW page download is assumed.

· “aRACH load (RT HO)”
This is the handover related aRACH load caused by RT calls, assuming 1 handover per 20 second for each ongoing call.

· “aRACH load (NRT HO)”
This is the handover related aRACH load caused by NRT traffic. 
Note: 
It is true that with this traffic model, the NRT HO load on aRACH is relatively high (more than 50%). Alternatively a system could bring the UE back to RRC-Idle especially if the time between WWW-page downloads becomes longer. E.g. in the indicated model, with 1 minute inbetween page dowloads, an inactivity timer of e.g. 20 seconds (assuming the webpage downloading takes a few seconds) would half this handover load.

It should be noted that the calculations above do have their limitations:

1) allthough the model in [1] is very nice to work with, it does have some severe limitations: it assumes only 2 types of traffic (RT/NRT). Thus e.g. VPN type of “keep alive polling” is not considered and could lead to quite drastic aRACH load increments;

2) also many imperfections are present in the calculations above (e.g. access re-attemps due to collision are not taken into account,  a user might be in RRC connected during more/less than 50% of the NRT-calls, ….). 
Therefore we assume that these estimations could easily be a factor 2 or 3 wrong. As a result we assume that roughly:

1) aRACH loads of up to 100 access/second should be considered “normal”;
2) due to uncertainties in the modelling and for high-load-area cells, also loads of 100-200 should be supported without to much difficulty;

3) loads of several hundred or even up to 1000 access/second can be considered quite rare;
This result is depicted in figure 1:
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Figure 1: Estimated aRACH loa
4  RAN3 questions
In R3-061607, RAN3 asks the following questions:

1. How many UEs can be considered simultaneously non_idle in an LTE cell in average ? RAN WG3 has found the figure of 200 LTE_active UEs per 5Mz bandwidth in TR25913 but they are not sure if this figure correspond exactly to all non_idle UEs or whether some “dormant UEs” need to be added to get the right number?

	
	1000
	2000
	3000
	4000
	5000
	6000
	7000
	8000
	9000
	10000
	20000

	Idle-> Active (100% Con)
	9000
	18000
	27000
	36000
	45000
	54000
	63000
	72000
	81000
	90000
	180000

	Idle-> Active (50% Con)
	17000
	34000
	51000
	68000
	85000
	102000
	119000
	136000
	153000
	170000
	340000

	#UE's in active (100% Con)
	192
	383
	575
	767
	958
	1150
	1342
	1533
	1725
	1917
	3833

	#UE's in active (50% Con)
	108
	217
	325
	433
	542
	650
	758
	867
	975
	1083
	2167


2.  How frequently can we expect idle-to-active transition in average (per UE or per cell given the answer of the first question)? RAN WG3 will deduce from that whether SCTP associations could be reasonably set up at this transition time. 


Table 3 attempts to answer both questions: 
Table 3: Answer to RAN3 questions
· “Idle->Active transitions (100% Con)”
Number of Idle->Active transitions in a 10Mhz cell per hour, assuming UE’s are kept in RRC-Connected state during the complete sojourn time of a NRT-call.
· “Idle->Active transitions (100% Con)”
Number of Idle->Active transitions in a 10Mhz cell per hour, assuming UE’s are kept in RRC-Connected state during 50% of the sojourn time of a NRT-call.

· “#UE’s in RRC-Conn (100%)”
This is the number of UE’s in RRC connected state, assuming that UE’s are kept in RRC-Connected state during the complete sojourn time of a NRT-call.

· “#UE’s in RRC-Conn (50%)”
This is the number of UE’s in RRC connected state, assuming that UE’s are kept in RRC-Connected state during 50% of the sojourn time of a NRT-call.

It is proposed to include the table in the liaison to RAN3, indicate that at least scenarios with up to 7000 users in a cell are considered realistic for a 10Mhz cell. 
Therefore in a 10Mhz cell, the number of UE’s in RRC-Connected could be in the range of 800-1300/cell, and the amount of Idle->Active transitions could be in the range of 60-120K/hour/cell. The indicated numbers should roughly scale linearly with the BW.
5 Conclusion

RAN2 is asked to take the above information into account in further work.
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