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1 Introduction
The Rel-14 Work Item "DTX/DRX enhancements in CELL_FACH" [1] has been approved in RAN #70 with the following objectives:
· Evaluate improvements in uplink resource utilization and uplink interference reduction (RAN1/2), i.e. DTX in CELL_FACH during the common E-DCH transmission phase. Based on the results of the evaluation, specify solution(s).

· Specify mechanisms to reduce UE power consumption (RAN2/3), i.e.

· Support of mechanisms to reduce wake-up time during DRX operation in CELL_FACH
This paper addresses the first objective by looking at the impact on resource block associated with the variation in holding time of common E-DCH resources.
2 Common E-DCH and blocking in CELL_FACH
2.1 Resource blocking
Resource blocking is an extremely important consideration for the CELL_FACH state since CELL_FACH is the state from which all UEs gain access to the network. In contrast, the CELL_DCH state can make use of the CELL_FACH state as a gatekeeper to filter out lower priority calls so that the network can decide which traffic to admit to the CELL_DCH state and which traffic to turn away. There is, however, no such gatekeeper for the CELL_FACH state. The network has no knowledge of who is trying to gain access during the random access procedure. 
For this reason, uplink CELL_FACH capacity is normally dimensioned in terms of a maximum blocking probability. This probability is usually set rather low, in the 1% to 2% level. There are two main reasons for the low value. First, there may be low-latency and/or high-priority services that cannot tolerate a higher rate of blocking. Second, when the blocking increases, second-order effects due to retries from blocked accesses tend to grow exponentially, and the system may become unstable very quickly.
Proposal 1.
Resource blocking shall be considered for any evaluation on CELL_FACH capacity.
There are generally two types of blocking: one due to signature collision during random access and one due to the lack of physical resources. This study is concerned exclusively with the blocking of common E-DCH resource. With the introduction of the E-AI in Rel-8, a maximum of 32 common E-DCH can be configured in a cell and the UE can be directed to any one of the resources regardless of the signature the UE used during random access. A common E-DCH can also be configured to be released after being inactive for a certain amount of time using the “E‑DCH Transmission Continuation Back-off” timer, which have values of 0, 4, 8, 16, 24, 40, 80 TTIs.

2.2 Simulation setup

Simple Monte-Carlo simulations are performed to estimate the amount of blocking under different scenarios. Each scenario is characterized by

· an amount of traffic (given by the number of subscribers in the cell and the amount of traffic per subscriber)

· a number of available resources, i.e., the number of common E-DCH configured

· a holding time for the resource (given by the size of the traffic burst and the resource release timer)
The per-user traffic for the CELL_FACH state is difficult to estimate. It depends not only on the total per-subscriber traffic but also on the network strategy of when to switch a user up to CELL_DCH. Since we are mainly interested in relative performance, the simplified model from [2] is reused. Each subscriber's traffic is made up of "fixed-sized" data bursts of 100 ms. The bursts are spread out in time according to an exponential distribution with a mean inter-arrival time of 5 s. Note that neither the packet size nor the transmission rate during the 100ms burst is specified. 
When a data burst arrives, the subscriber is allocated a common E-DCH if there is any remaining. If not, the subscriber is blocked. Retries due to blocked traffic are not simulated. When the 100ms burst ends, the subscriber stays on the allocated common E-DCH for the length of the resource release timer. If the next data burst for the same subscriber arrives before the release timer expires, the subscriber keeps the same common E-DCH. Otherwise the common E-DCH is released when the timer expires. This process is repeated to obtain the blocking rate for different numbers of subscribers in the cell. 
The simulation parameters are summarized in Table 1. Note that an extra per-user traffic model has been added. In view of the very many small packets usually seen in CELL_FACH, the rather large 100ms data burst from [2] is split into smaller 20ms bursts. The inter-arrival timer is adjusted (to 1s) accordingly to give the same amount of total traffic.
Table 1: Simulation parameters
	Parameter
	Value

	Number of subscribers in the cell.
	30, 50, 100, …

	Data burst duration
	(a) 100 ms
	(b) 20 ms 

	Mean inter-arrival time for data bursts
	5 s
	1 s

	Resource release timer
	4, 8, 16, 24, 40, or 80 TTI

	Number of common E-DCH configured in the cell.
	10, 16, 25, 32

	TTI length.
	2 ms


Table 2: Blocking probability (%) when 32 common E-DCH resources are configured in the cell.
(a) 100ms data bursts

	number of subscribers
	resource release timer  [TTI]

	
	4
	8
	16
	24
	40
	80

	600
	11
	19
	44
	69
	96
	100

	500
	1
	3
	13
	31
	71
	100

	400
	0
	0
	1
	4
	24
	92

	300
	0
	0
	0
	0
	1
	34

	200
	0
	0
	0
	0
	0
	0

	100
	0
	0
	0
	0
	0
	0


 (b) 20ms data bursts

	number of subscribers
	resource release timer  [TTI]

	
	4
	8
	16
	24
	40
	80

	500
	20
	70
	100
	100
	100
	100

	400
	2
	21
	91
	100
	100
	100

	300
	0
	1
	33
	87
	100
	100

	200
	0
	0
	0
	12
	75
	100

	100
	0
	0
	0
	0
	0
	35

	50
	0
	0
	0
	0
	0
	0


Table 3: Number of subscribers per cell that can be supported with a blocking limit of 5%
(a) 100ms data bursts
	number of common E-DCH
	resource release timer

	
	4 TTI
	80 TTI

	10
	113
	52

	16
	220
	102

	25
	406
	138

	32
	540
	215


(b) 20ms data bursts

	number of common E-DCH
	resource release timer

	
	4 TTI
	80 TTI

	10
	102
	21

	16
	163
	32

	25
	308
	53

	32
	417
	57


2.3 Results
Table 2 shows the result of one set of such simulations for each of the two traffic models when the cell is configured with the maximum possible number of common E-DCH. Additional results for lower numbers of configured resources can be found in [3]. An arbitrary blocking limit of 5% has been adopted for the presentation purpose. Scenarios that have a blocking rate exceeding this limit are coloured red in the tables.

As mentioned earlier, this result cannot be used to direct estimate the absolute number of subscribers that can be supported in a cell since that depends on both the accuracy of the user traffic model and the network strategy of how to split the traffic between CELL_FACH and CELL_DCH. The relative changes, however, are very obvious. Table 2 shows that the length of the resource release timer has a very severe impact on the CELL_FACH capacity. When the timer is increased from 4 to 80 TTI, the capacity decreases by a factor of 2.5 and 7.3 respectively for the two burst sizes. 
Results for additional scenarios where a different number of common E-DCH resource are deployed can be found in [3]. They show very similar impacts and are summarized in Table 3.
Observation 1.
For a given amount of user traffic, lengthening the resource release timer has severe negative impact on the overall CELL_FACH capacity.
3 Summary

This paper has explored the impact of resource blocking on CELL_FACH capacity. Results from Monte-Carlos simulations based on simplified traffic models have also been presented, leading to the following proposals and observations:
Proposal 1.
Resource blocking shall be considered for any evaluation on CELL_FACH capacity.
Observation 1.
For a given amount of user traffic, lengthening the resource release timer has severe negative impact on the overall CELL_FACH capacity.
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