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1
Introduction

During the RAN#37 plenary meeting, the WI “Enhanced Uplink for CELL_FACH State in FDD” [1] was agreed with the intention to allow 
· transmission of background traffic such as HTTP requests, keep-alive messages of always-on services like push email in CELL_FACH, avoiding transition to CELL_DCH state or repeated random access to deliver the required data amount and

· a fast and smooth transition from CELL_FACH to CELL_DCH. 

[2] proposed that AICH in response to PRACH preamble could be used to signal E-DCH resources for the UE. Three different methods were presented, namely one-to-one mapping, one-to-many mapping and signature combinations. Here signature combinations are used so that reserved signatures for the resource index signalling can assign E-DCH resources from common E-DCH resource pool. 
This document analyses the usage of these methods via system level simulations. The performance of different AICH resource assignment methods is approached from two directions. In one we limit the DL AICH and E-DCH resources and in the other UL PRACH signatures are limited. 
2
Metrics to be analysed
This chapter introduces the metrics that are used to compare different resource assignment methods implemented on AICH called blocking probability, collision probability and data transmission times. 
2.1
Blocking probability
Blocking probability is an important metric when looking at the efficiency of a resource assignment method.  Blocking is caused by all the assignable E-DCH resources being already in use, and it leads to negative AICH acknowledgement received from Node B. After UE has received the negative acknowledgment it backs off and tries again after some time. The blocking probability is considered from UE’s point of view and is defined as a ratio of received negative acknowledgments and a sum of positive and negative acknowledgement over entire call. The final result is a mean over all UEs. 
2.2 Collision probability

More critical metric is a collision probability because when collision happens UEs transmit actually for nothing and cause additional interference into a system. The collision happens when two or more UEs select the same PRACH preamble signature in the same access slot and Node B sends acknowledgement to that PRACH preamble and if at least two of those UEs receive the acknowledgement. Thus the resource assignment method should ensure low collision probability. One has to notice that collision probability depends on the blocking probability because blocking increases the amount of random access attempts among UEs. Again, collision probability is analysed from UE’s perspective and is defined as a ratio of number of acknowledged random access procedures leading to collision and number of all acknowledged random access procedures over entire call. The final result is a mean over all UEs.
2.3
Data transmission time
Because blocking and collision probabilities are not independent of each other the effect of one can be seen in results of the other. It’s important to look at metric that shows effect of both blocking and collision probability in one result. One that kind of metric is the overall data transmission time that takes into account all the effects of different resource assignment methods
3
Simulations
First the simulation environment is presented after which some modeling issues are discussed. Then simulation results are shown and discussed. 
3.1
Cases

Simulation cases are divided into two categories. In one category DL AICH resources and E-DCH resources are limited and assumed to be equal with each resource assignment method. Thus available PRACH signatures are depending on the number of DL AICH resources and resource assignment method in question. In the other group UL PRACH preamble signature are limited and assumed to be equal with each resource assignment method. The number of AICH signatures and E-DCH resources are made variable depending on the resource assignment method.

In both approaches, two parameters sets are defined to be studied with two data amounts that follow typical use cases introduced in [2]. Table 1 in presents two cases for the situation when DL AICH resources are limited and Table 2 in shows two cases for the situation when UL PRACH signatures are limited.

Table 1 Resource assignment parameters when DL AICH resources are limited
	Case 1
	R’99 RACH
	E-DCH one-to-one mapping
	E-DCH one-to-many mapping
	E-DCH signature combinations (*)

	RACH/E-DCH resources
	8
	8
	8
	8

	PRACH signatures
	8
	8
	4
	5

	AICH signatures
	8
	8
	8
	8

	Case 2
	R’99 RACH
	E-DCH one-to-one mapping
	E-DCH one-to-many mapping
	E-DCH signature combinations (**)

	RACH/E-DCH resources
	4
	4
	4
	4

	PRACH signatures
	4
	4
	2
	2

	AICH signatures
	4
	4
	4
	4


(*) Node B can acknowledge one PRACH signature per access slot. Three AICH signatures are used for signaling resource index for one acknowledged PRACH signature.

(**) Node B can acknowledge one PRACH signature per access slot. Two AICH signatures are used for signaling resource index for one acknowledged PRACH signature.

Table 2 Resource assignment parameters when UL PRACH signatures are limited
	Case 3
	R’99 RACH
	E-DCH one-to-one mapping
	E-DCH one-to-many mapping
	E-DCH signature combinations (*)

	RACH/E-DCH resources
	8
	8
	16
	16

	PRACH signatures
	8
	8
	8
	8

	AICH signatures
	8
	8
	16
	16

	Case 4
	R’99 RACH
	E-DCH one-to-one mapping
	E-DCH one-to-many mapping
	E-DCH signature combinations (**)

	RACH/E-DCH resources
	4
	4
	8
	8

	PRACH signatures
	4
	4
	4
	4

	AICH signatures
	4
	4
	8
	7


(*) Node B can acknowledge two PRACH signatures per access slot. Four AICH signatures are used for signalling resource index for one acknowledged PRACH signature and four other are used for signalling resource index for other acknowledged PRACH signature. Note! In this scheme UE has to detect all AICH signatures to know which one of the extra four signatures are to be used to read resource index. 

(**) Node B can acknowledge one PRACH signature per access slot. Three AICH signatures are used for signalling resource index for one acknowledged PRACH signature.
3.2
Environment

The simulations are carried out in macrocell environment which includes 7 Node B’s in three sector configuration totalling 21 cells, all under one RNC. Arrival process of UEs into to system is modelled as a poisson process. There is no other traffic than R’99 RACH or E-DCH UEs in CELL_FACH state. The UEs in CELL_FACH state transmits data in RLC AM mode in which RLC feedback channel is error-less and with infinite bandwidth. Appendix A gives details for the simulation parameters.
3.3
Modelling considerations

3.3.1
Collision modelling
In both R’99 RACH and E-DCH methods, when collision happens all TTIs of UEs involving into the the collision are considered as failed (CRC = false). With R’99 RACH a collision takes place only during one TTI because after that UE will start again random access procedure if it has more data to send. When collision happens with E-DCH case it’s assumed that collision takes place in a certain amount of TTIs. The duration is set as a simulation parameter (« Collision solving time »). 
3.3.2
Random access procedure in UE

Random access procedure follows the chapter 11.2.2. in TS25.321.
3.4
Blocking probability results
Case 1
Figure 1 and Figure 2 analyses the blocking probability as a function of arrival rate of UEs when data amount to send is 160 and 650 bytes, respectively. One can notice two main points: 1) R’99 RACH experiences the highest blocking probability and with big amount of data the system gets almost stuck with used loads if R’99 RACH is used; 2) the more freedom for Node B to select available resource to the UE the lower blocking probability can be achieved. Thus within different E-DCH resource assignment methods signature combinations performs better than one-to-one or one-to-many mapping which is quite evident result because signature combinations can assign E-DCH resource from common E-DCH resource pool and other mapping methods from an E-DCH resource pool related to the PRACH preamble the UE chose.
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Figure 1: Blocking probability as a function of arrival rate of UE when data amount is 160 bytes.
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Figure 2: Blocking probability as a function of arrival rate of UE when data amount is 650 bytes.


Case 2

From Figure 3 and Figure 4 one can obtain the same behaviour as in Case 1 but now with much higher blocking probability with each method because of halved number of E-DCH resources and AICH signatures. 
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Figure 3: Blocking probability as a function of arrival rate of UE when data amount is 160 bytes.
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Figure 4: Blocking probability as a function of arrival rate of UE when data amount is 650 bytes.


Case 3

Figure 5 and Figure 6 indicate how blocking probability behaves when PRACH preambles are fixed to 8. Clear indication from both low and big data amount cases is that one-one-mapping is behaving worse than one-to-many mapping and signature combinations because of reduced freedom for Node B to assign available resources. One-to-many mapping behaves better than signature combinations when data amount is low. This is due to the fact that with short calls the capability to acknowledge and assign E-DCH resources up to 8 signatures per access slot with one-to-many mapping over 2 with signature combinations gives more benefit that freedom to assign E-DCH resources by Node B. On the other hand with longer calls (big amount of data) signature combinations start to perform better when load increases. 
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Figure 5: Blocking probability as a function of arrival rate of UE when data amount is 160 bytes.
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Figure 6: Blocking probability as a function of arrival rate of UE when data amount is 650 bytes.


Case 4

Figure 7 and Figure 8 shows the blocking probability when PRACH signatures are limited to four. Again one-to-one mapping has much higher blocking probability than other E-DCH methods. Now also the difference between one-to-many mapping and signature combinations can be seen in favour of signature combinations.
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Figure 7: Blocking probability as a function of arrival rate of UE when data amount is 160 bytes.
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Figure 8: Blocking probability as a function of arrival rate of UE when data amount is 650 bytes.


3.5
Collision probability results
Case 1
Figure 9 and Figure 10 illustrate the collision probability as a function of arrival rate of UEs with data amount of 160 and 650 bytes to send, respectively. Again R’99 RACH performs very poorly if compared to E-DCH access methods. With low data amount R’99 RACH collision probability starts to grow exponentially as load increases and with high data amount the collision probability goes towards 100 % when load goes to 16 calls/s/cell making R’99 RACH overloaded. With E-DCH access methods the collision probability increases linearly and over all is very low, below 0.5% with low data amount and below 2% with high data amount. Even though one-to-one mapping experiences high blocking probability and blocking increases the collision probability the higher amount of available PRACH signatures balances the situation between different resource assignment methods within E-DCH access. 
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Figure 9: Collision probability as a function of arrival rate of UE when data amount is 160 bytes.
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Figure 10: Collision probability as a function of arrival rate of UE when data amount is 650 bytes.


Case 2

The same behaviour between E-DCH resource allocation methods can be seen from Figure 11 and Figure 12 but now with ten times higher collision probabilities with the same load. It can be seen that Rel'99 RACH cannot deliver any more with these loads and amount of RACH resources allocated to the cell.
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Figure 11: Collision probability as a function of arrival rate of UE when data amount is 160 bytes.
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Figure 12: Collision probability as a function of arrival rate of UE when data amount is 650 bytes.


Case 3

Figure 13 and Figure 14 show the collision probability for each method. Even though PRACH signatures are limited to 8 in each method, much higher blocking probability in one-to-one mapping clearly affects on its collision probability. Other two E-DCH methods are having quite the same collision probability as a function of load and different data amounts. 
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Figure 13: Collision probability as a function of arrival rate of UE when data amount is 160 bytes.
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Figure 14: Collision probability as a function of arrival rate of UE when data amount is 650 bytes.


Case 4

Figure 15 and Figure 16 show the collision probability for each method and the results are similar to Case 3 above but with higher collision probabilities. I.e. one-to-one mapping behaves worse than other two because of much higher blocking probability. Again Rel’99 RACH cannot deliver.
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Figure 15: Collision probability as a function of arrival rate of UE when data amount is 160 bytes.
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Figure 16: Collision probability as a function of arrival rate of UE when data amount is 650 bytes.


3.6
Data transmission time results
Case 1

Figure 17 and Figure 18 illustrate data transmission times with fixed data amount of 160 bytes and UE arrival rates of 6.67 and 16.67 calls/s/cell, respectively. Again one can notice how different E-DCH accesses outperform R’99 RACH. Another main point is that one-to-one mapping can provide always the same performance as other E-DCH resource assignment methods. 
Corresponding results for data amount of 650 bytes for arrival rates of UEs of 6.67 calls/s/cell and 16.67 calls/s/cell are shown in Figure 19 and Figure 20, respectively. As seen from Figure 20 the result curve for R’99 RACH is suffering from blocking probability of almost 80 % and collision probability of almost 100 % making the transmission time to go towards the maximum length of the call, 3,33 ms, after which the call is terminated. From the same figure one can also obtain that one-to-one mapping​ starts to behave worse than two other E-DCH resource assignment methods in 50 % of the calls and the gain of having more complex resource assignment method start to show. The best performance comes from signature combinations method with the cost of increased complexity and required number of AICH signatures to be sent as a response to the UE. Still the difference between one-to-one and the other methods is quite small. 
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Figure 17: Data transmission time with data amount of 160 bytes and UE arrival rate of 6.67 calls/s/cell.
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Figure 18: Data transmission time with data amount of 160 bytes and UE arrival rate of 16.67 calls/s/cell.
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Figure 19: Data transmission time with data amount of 650 bytes and UE arrival rate of 6.67 calls/s/cell.
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Figure 20: Data transmission time with data amount of 650 bytes and UE arrival rate of 16.67 calls/s/cell.


Case 2

From Figure 21, Figure 22, Figure 23 and Figure 24 one can obtain that there are no big differences in data transmission times when different E-DCH resource allocation methods are used. 
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Figure 21: Data transmission time with data amount of 160 bytes and UE arrival rate of 6.67 calls/s/cell.
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Figure 22: Data transmission time with data amount of 160 bytes and UE arrival rate of 16.67 calls/s/cell.
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Figure 23: Data transmission time with data amount of 650 bytes and UE arrival rate of 6.67 calls/s/cell.
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Figure 24: Data transmission time with data amount of 650 bytes and UE arrival rate of 16.67 calls/s/cell.


Case 3

Figure 25, Figure 26, Figure 27 and Figure 28 show that no big difference can be seen in data transmission times even though one-to-one mapping has higher blocking probability and thus higher collision probability. However the blocking and collision probabilities are in so low level that their effect on the UE experienced delay is very small if you compare one-to-one mapping to one-to-many and signature combinations. R’99 RACH cannot in any way match the E-DCH usage no matter what the resource allocation method.
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Figure 25: Data transmission time with data amount of 160 bytes and UE arrival rate of 6.67 calls/s/cell.
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Figure 26: Data transmission time with data amount of 160 bytes and UE arrival rate of 16.67 calls/s/cell.
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Figure 27: Data transmission time with data amount of 650 bytes and UE arrival rate of 6.67 calls/s/cell.
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Figure 28: Data transmission time with data amount of 650 bytes and UE arrival rate of 16.67 calls/s/cell.


Case 4

From Figure 29, Figure 30, Figure 31 and Figure 32 one can notice that when calls are longer (big data amount) the higher blocking and collision probability with one-to-one mapping makes it having somewhat longer data transmission times than with other two methods. R’99 RACH is simply inferior.
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Figure 29: Data transmission time with data amount of 160 bytes and UE arrival rate of 6.67 calls/s/cell.
	[image: image30.png]CDF

0.9

0.8

0.7

0.6

0.5

0.4

03

0.2

0.1

RACH vs. Fast-EDCH, Case 4, 850 bytes, call arrival rate 6.6667 calls/s/cell

; — RACH

Fast-EDCH, One to one mapping
Fast-EDCH, Signature combinations
Fast-EDCH, One to many mapping

Il Il
500 1000 1500 2000 2500 3000 3500
Random access length [ms]




Figure 30: Data transmission time with data amount of 160 bytes and UE arrival rate of 16.67 calls/s/cell.

	[image: image31.png]CDF

0.9

0.8

0.7

0.6

0.5

0.4

03

0.2

0.1

RACH vs. Fast-EDCH, Case 4, 160 bytes, call arrival rate 16.6667 calls/s/cell

—RACH

Fast-EDCH, One to one mapping
Fast-EDCH, Signature combinations
Fast-EDCH, One to many mapping

500

L Il
1000 1500 2000 2500
Random access length [ms]

I
3000

3500




Figure 31: Data transmission time with data amount of 650 bytes and UE arrival rate of 6.67 calls/s/cell.
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Figure 32: Data transmission time with data amount of 650 bytes and UE arrival rate of 16.67 calls/s/cell.


4
Conclusions

Studies for limited DL AICH and E-DCH resources showed that even though one-to-one mapping introduces higher blocking probability, larger PRACH signature space available balances the performance difference between the studied methods. One-to-one mapping is on the other hand much simpler and requires only one AICH signature as a response to PRACH signature. Thus when DL AICH signatures and E-DCH resources are limited it’s proposed that one-to-one mapping could be used for resource assignment of E-DCH resources because the performance doesn’t deteriorate notably, the implementation is simpler (compare to one-to-many mapping and signature combinations) and requirements for AICH detection performance are not affected (signature combinations requires multiple signatures to be detected simultaneously).

Studies for limited UL PRACH signatures illustrated that one-to-one mapping starts to behave worse than one-to-many mapping and signature combinations. Between one-to-many mapping and signature combinations there are not that big differences. One-to-many mapping has an advantage to be able to serve (assign E-DCH resources if available) more signatures per access slot than signature combinations if one or two extra AICH signature sets are defined for resource signaling. It’s also possible to define signature combinations so that beyond each preamble signature there is a set of AICH signatures that can assign E-DCH resources from the common E-DCH resource pool for each PRACH signature. On the other, hand one-to-many mapping is simpler and again AICH detection performance wouldn’t be affected.
Generally it’s proposed that AICH based one-to-many mapping would be used to assign E-DCH resources where many could be 1…n. And if AICH signatures are seen limited, it’s possible to define additional 16 orthogonal signatures for AICH.
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Appendix A: Simulation parameters
	Parameter:
	Value:

	
	RACH
	E-DCH in CELL_FACH

	Cellular layout
	Hexagonal cell grid, wrap-around. 7 Node B’s and 21 sectors.

	Cell radius
	933 metres

	UE speed
	3 km/h

	Antenna
	3GPP_70

	Simulation time
	6 minutes i.e. 540 000 slots 

	Channel model
	Modified Vehicular A 

	Tap gains
	[-3.1; -5.0; -10.4; -13.4; -13.9; -20.4]

	UE arrival method
	Poisson process

	Background traffic
	No

	RACH/E-DCH UEs
	100 % of UEs

	RACH/E-DCH Traffic type
	160/650 bytes uploading

	RLC mode
	AM

	RLC feedback channel
	Infinite bandwidth and error-less

	Max Tx Power
	0.125 W

	Min Tx Power
	3.95e-10 W

	Normal distributed open loop error deviation
	4.5 dB

	Preamble detection SIR threshold
	-25.0 dB

	Preamble power step
	1.0 dB

	Preamble to control channel (DPCCH) power offset
	-2.0 dB

	Number of PRACH signatures
	{4, 8}

	Max number of preamble transmissions
	16

	T2 timer
	10 ms

	TBO1
	10 ms

	Persistence value
	1

	Number of resources (RACH & E-DCH)
	{4, 8, 16}

	Resource assignment method
	One-to-one mapping
	One-to-one, one-to-many, signature combinations

	UL interference update period
	80 ms

	Data to control power ratio
	3.52 dB
	N/A

	Initial bitrate
	N/A
	32 kbps

	Max bitrate
	N/A
	128 kbps

	Collision solving time
	N/A
	40 ms

	TTI length
	20 ms
	10 ms

	HARQ processes
	N/A
	4

	Max number of HARQ transmissions
	N/A
	4

	Power control preambles before data transmission
	N/A
	0 slots

	Inner loop power control
	No
	Yes

	Inner loop power control step size
	N/A
	1 dB

	Outer loop power control
	N/A
	Yes, in Node B

	Outer loop power control step size
	N/A
	0.5 dB


