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Discussion and decision
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 will enhance the calculations performed in section 3 by assuming that handovers and MT RT call are handled with dedicated signatures.
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 duration 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)
	16.0
	31.9
	47.9
	63.9
	79.9
	95.8
	111.8
	127.8
	143.8
	159.7
	319.4
	798.6
	1597.2

	Total aRACH load
	21.9
	43.9
	65.8
	87.8
	109.7
	131.7
	153.6
	175.6
	197.5
	219.4
	438.9
	1097.2
	2194.4


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 (1 aRACH per call). No aRACH access is assumed during the VOIP call.
· “aRaCH load (NRT)”
This is the load caused by NRT traffic. The number to be used depends on the operator policy w.r.t. how long to keep a UE in UL-synchronisation during inactivity, and when to move a UE to LTE_IDLE. Appendix A provides more details on this aspect. Table 1 is assuming one aRACH access attempt per WWW page download.

· “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. Also in this case, the number to be used depends on the operator policy w.r.t. how long to keep a UE in UL-synchronisation during inactivity, and when to move a UE to LTE_IDLE. Appendix A provides more details on this aspect. Table 1 is assuming approach 2 from Appendix A.
It should be noted that the calculations above do have their limitations: e.g. although 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;

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 150 access/second should be considered “normal”;
2) due to uncertainties in the modelling and for high-load-area cells, also loads of 150-300 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 load
4 aRACH load (extended analysis)

During RAN2#56, two aspects became clearer which invite for reconsidering the aRACH load situation:
1) There seems to be quite large support for handling handovers based on dedicated signatures allocated by the target ENB;

2) As described in [3], it might be possible to handle also downlink transmission restart in LTE_ACTIVE with dedicated signatures rather than with random signatures.

Taking both aspects into account would enable a reduction in aRACH load to be handled with random signatures:
· No handover signalling on the aRACH in the target cell with random signatures (handled with dedicated signatures);
· 50% of the aRACH access load caused by RT traffic (MT calls) can be handled with dedicated signatures
; 

Taking this into account we get the load figures as shown in table 3. 
	 
	1000
	2000
	3000
	4000
	5000
	6000
	7000
	8000
	9000
	10000

	aRACH load
	12.2
	24.4
	36.7
	48.9
	61.1
	73.3
	85.6
	97.8
	110.0
	122.2

	load for dedicated signatures
	9.7

	19.4

	29.2

	38.9

	48.6

	58.3

	68.1

	77.8

	87.5

	97.2




Table 3: Split aRACH/Dedicated signature load for a 10Mhz cell
As can be seen in table 3, the aRACH load to be handled with random signatures is reduced to around 50%, but quite a large load will need to be handled with dedicated signatures. Taking a similar approach as for figure 1, figure 2 shows both the aRACH load and the load to be handled with dedicated signatures for “normal”, “possible” and “rare” situations:
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Figure 2: Estimated aRACH load Random/Dedicated Signatures (enhanced)

5 Conclusion

RAN2 is asked to take the above information into account in further work. Reference [4] builds on these results.
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Appendix A: Handling of NRT
In the model of [1], NRT calls have a duration of 300s, and consist of 5 Web page downloads at 60s apart.

In Figure A.1 we show 3 approaches of how this traffic could be handled, assuming that the actual data burst for the WWW page is handled within 1s.
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Figure A.1: Different approaches for handling NRT calls
Approach 1:
Always keep the UE in LTE_ACTIVE and in UL-sync while the call is ongoing.

Approach 2:
Keep the UE in LTE_ACTIVE during the whole call duration, but since maintaining UL sync might be costly (e.g. 0.5s UL tx), UL tx is lost after 4s of inactivity.

Approach 3:
In order to reduce handover load, UE is only kept in LTE_ACTIVE during 29s of inactivity, after which it is moved to LTE_IDLE. UL sync is handled as in approach 2.
The different approaches impact the aRACH load and amount of required dedicated signatures. E.g. handovers will only occur in LTE_ACTIVE, and will require an aRACH access in the source cell for delivering the measurement report if the UE is not in sync.
Table A.2 shows the aRACH load dedicated signature load for the 3 approaches:
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0.6

1.1

1.7

2.2

2.8

3.3

3.9

4.4
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5.6

aRACH load HO (source)

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

Ded Sign HO (target)

8.3

16.7

25.0

33.3

41.7

50.0

58.3

66.7

75.0

83.3

Approach 2

aRACH load

2.8

5.6

8.3

11.1

13.9

16.7

19.4

22.2

25.0

27.8

aRACH load HO (source)

7.6

15.3

22.9

30.6

38.2

45.8

53.5

61.1

68.8

76.4

Ded Sign HO (target)

8.3

16.7

25.0

33.3

41.7

50.0

58.3

66.7

75.0

83.3

Approach 3

aRACH load

2.8

5.6

8.3

11.1

13.9

16.7

19.4

22.2

25.0

27.8

aRACH load HO (source)

3.5

6.9

10.4

13.9

17.4

20.8

24.3

27.8

31.3

34.7

Ded Sign HO (target)

4.2

8.3

12.5

16.7

20.8

25.0

29.2

33.3

37.5

41.7


Table A.2: ARACH/DedSign load for different approaches.
In section 3 and 4 of this contribution, we have assumed approach2 because it seems the most realistic approach to us:

· Approach 1 will require too much effort to maintain UL sync. Although this does not show as aRACH load, the UE will have to perform periodic UL transmissions frequently to maintain UL sync.

· Approach 3 will require quite a lot of S1 signalling due to the frequent state transitions.

Note that for RT calls we assume that the UE is almost continuously transmitting/receiving, and thus approach 1 is applicable.














































































� It is assumed that almost all  aRACH load (NRT) is not related to downlink activity.
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