3GPP TSG-RAN WG1 Meeting #66bis
R1-113307
Zhuhai, China
10th – 14th October 2011
Agenda item:
6.5.2



Source:
Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
Title:
Reduction in initial PRACH access timing
Document for:
Discussion
1 Introduction

A WI was approved in [1] to further enhance the CELL_FACH state.  The areas of improvement of relevance to RAN1 were identified in [2], as follows:

· Downlink related improvements of resource utilisation, throughput, latency and coverage

· Stand-alone HS-DPCCH without ongoing E-DCH transmission
· Uplink related improvements of resource utilisation, throughput, latency and coverage

· TTI alignment between CELL_FACH UEs and CELL_DCH UEs

· Reduction in timing of the initial access in the physical random access procedure

· Signalling based interference control

This contribution will focus on the reduction in timing of the initial access in the physical random access procedure.

2 Discussions
In the current specification [3], when a UE wishes to perform a random access to the network, it randomly selects an access slot in the next full access slot set.  An example is shown in Figure 1, where a UE wishes to access the network at Access Slot 1.  In the current specification, the UE can select an access slot (that corresponds to its RACH sub-channels within its Access Service Class) in Access Slot Set 2 (highlighted in yellow in Figure 1).  For simplicity, we refer to this mechanism as the “Default” scheme.
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Figure 1: Range of access slots UE can use in the “Default” scheme
It is noted in [4] that the default PRACH access mechanism causes delay since the UE needs to wait till the next access slot set before it can start its transmission.  It is therefore proposed in [4] that the UE selects an access slot in the remaining access slots of the same access slot set in which the UE is triggered to make a random access.  An example is shown in Figure 2, where the UE wishes to access the network in Access Slot 3.  The UE selects an access slot in the remaining access slots within Access Slot Set 1, shown highlighted in yellow in Figure 2.  We refer to this mechanism as the “Instant” scheme.
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Figure 2: Range of access slots UE can use in the “Instant” scheme
However, it should be remembered that the PRACH was originally designed to make the collision probability uniform and unbiased. Changing the access slot selection such that the UE selects an access slot only from the remaining slots of the current set, as in the “Instant” scheme, will always bias the access slot selection towards the end of the access slot sets. This is shown in Figure 3, where, assuming an equal probability of PRACH triggers occurring in any access slot, it can be seen that the “instant” scheme results in very unequal probabilities of access slot selection. This will adversely impact the collision probabilities. 
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Figure 3: Probability of access slot selection with R99 and "instant" selection windows (assuming uniform distribution of trigger arrival and all access slots configured as available for the UE).
This biased access slot selection can be avoided if the length of the range of access slots that the UE can select remains the same as that in the “Default” scheme.  In [4] it is suggested that the range of slots available in the “Instant” scheme is extended into the next access slot set.  We can extend the range of access slots such that the total number of access slot in the range is 7 (i.e. about the same number of access slots as in an access slot set).  An example of this is in Figure 3, where the UE wishes to access the network in Access Slot 3.  Here the UE can select an access slot within the next 7 access slots after Access Slot 3.  We refer to this mechanism as the “Flexible” scheme. Here the probability of selection of any given access slot is the same as in the R99 PRACH scheme. 
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Figure 4: Range of access slots UE can use in the “Flexible” scheme

3 Simulation

The initial PRACH access schemes described in Section 2, namely, the “Default”, the “Instant” and the “Flexible” schemes are evaluated in terms of access delay via a 1 cell system simulation.  The simulation assumptions are summarised Table 1.
Table 1: Simulation assumptions

	
Parameter

	Setting

	Number of UE in cell
	50, 100, 500, 1000, 2000, 3000, 5000

	UE arrival distribution
	Uniform distribution over 1s, 

	Preamble detection probability
(in case of no collision)
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where i indicates the i-th preamble transmission

	Min backoff time, NB01min
	0 

	Max backoff time, NB01max
	30

	Maximum number of preamble retransmissions
	5

	Max number of Preamble Ramping cycles
	3

	Dynamic persistence value
	1.0

	Number of signatures per PRACH
	16

	Number of PRACH
	1

	Available access slots
	ALL

	RACH TTI
	20 ms


The access probabilities (i.e. probability of UE gaining access to the network) for each scheme are summarised in Table 2.  The “Instant” and “Flexible” schemes are able to access the network more quickly and have higher access probability than that of the “Default” scheme.  At very high load, the “Flexible” scheme offers some gains over the “Instant” scheme since the “Flexible” scheme has a larger range of access slots to select from and uniform selection probability.  
Table 2: Access probabilities

	Number UE
	50
	100
	500
	1000
	2000
	3000
	5000

	Default
	1.000
	0.998
	0.849
	0.593
	0.322
	0.165
	0.027

	Instant
	1.000
	0.999
	0.852
	0.593
	0.321
	0.169
	0.033

	Flexible
	1.000
	0.998
	0.851
	0.594
	0.319
	0.175
	0.047


The average access delays in ms, for each scheme are summarised in Table 3.  The access delay is calculated as the time the UE wishes to access the network to the time it obtains a resource.  The differences (i.e. gains) in average access delays of the “Instant” and the “Flexible” schemes with respect to the “Default” scheme are summarised in Table 4.  The differences in average access delay are also plotted in Figure 4.
Table 3: Average access delay (ms)

	Number UE
	50
	100
	500
	1000
	2000
	3000
	5000

	Default
	44.03
	56.21
	138.05
	173.59
	200.45
	213.47
	226.72

	Instant
	38.37
	49.41
	125.23
	160.81
	185.57
	192.63
	202.91

	Flexible
	41.81
	52.20
	131.05
	164.97
	181.81
	175.11
	171.59


Table 4: Differences in average access delay (ms) with respect to the “Default” scheme

	Number UE
	50
	100
	500
	1000
	2000
	3000
	5000

	Instant
	-5.66
	-6.80
	-12.82
	-12.78
	-14.88
	-20.84
	-23.80

	Flexible
	-2.23
	-4.01
	-7.00
	-8.62
	-18.64
	-38.36
	-55.12
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Figure 5: Differences in average access delay (ms) with respect to the "Default" scheme
Both the “Instant” and the “Flexible” schemes reduce the average access delay as shown in Figure 4.  At lower loads, the “Instant” scheme’s reduction in average access delay is higher than that of the “Flexible” scheme.  However, at higher load, the “Flexible” scheme offers higher reduction in average access delay than that of the “Instant” scheme.  
The “Instant” and the “Flexible” schemes are able to reduce the average access delay without compromising the access probability.  The “Flexible” scheme has better performance than that of the “Instant” scheme at very high load.  These two schemes, “Instant” and “Flexible”, are easy to implement at the UE and does not appear to impose significant changes at the network.  
Therefore, it is beneficial to introduce an initial PRACH access reduction scheme to the WI.  Given the edge offered by the “Flexible” scheme, and the principle of keeping the access slot selection uniform, we prefer this scheme over the “Instant” scheme.

Proposal 1: Introduce an initial PRACH access delay reduction scheme
Proposal 2: The UE selects an access slot randomly from any available access slot in the next [7] access slots. 
4 Conclusion
This contribution investigates two schemes that reduce the initial PRACH access delay via simulation.  It is concluded that:
Observation 1: It is beneficial and straightforward to reduce the initial PRACH access delay. 

Proposal 1: Introduce an initial PRACH access delay reduction scheme
Observation 2: The principle of uniform probability of access slot selection should be maintained. 

Proposal 2: The UE selects an access slot randomly from any available access slot in the next [7] access slots. 
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