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1
Introduction

This contribution evaluates the Scalable UMTS time dilation solution impact on random access latency.
The Scalable UMTS time dilation solution reuses the UMTS FDD physical layer specifications. The only physical layer change in the Scalable UMTS time dilation solution is the lower chip rate which is 1/N of the UMTS chip rate of 3.84 Mcps. For example, in a 2.5 MHz channel bandwidth (referred to as Scalable UMTS N=2), the chip rate is reduced to 1.92 Mcps. The time related physical layer parameters in the Scalable UMTS time dilation solution are scaled accordingly (i.e., dilated N times relative to UMTS).

The longer access slot lengths, longer TTI values and lower RACH/FACH data rates for the Scalable UMTS time dilation solution and the corresponding impacts on the Random Access procedure are discussed below.

2
PRACH and AICH
The PRACH is used to carry the RACH. The AICH is used to carry the Acquisition Indicator (AI).

2.1


PRACH/AICH Timing Relation

Figure 1 illustrates the timing relationship between the AICH and PRACH access slots for UMTS (i.e., N=1) and Scalable UMTS N=2 and N=4 [2]. The preamble-to-AI distance τp-a is defined in Table 1 of this contribution. As depicted in Figure 1, the PRACH and AICH access slot lengths for Scalable UMTS N=2 are increased from 1.33 ms to 2.67 ms relative to UMTS. For Scalable UMTS N=4, they are increased from 1.33 ms to 5.33 ms relative to normal UMTS. Also, the radio frame length for Scalable UMTS N=2 is increased from 10 ms to 20 ms relative to UMTS while for Scalable UMTS N=4 it is increased from 10 ms to 40 ms relative to UMTS.
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Figure 1 Timing relation between AICH and PRACH access slots for UMTS and Scalable UMTS N=2 and N=4
2.2


Random Access Procedure

Figure 2 illustrates the UMTS (i.e., N=1) and Scalable UMTS N=2 and N=4 random-access procedure. The preamble-to-preamble distance τp-p, preamble-to-AI distance τp-a and preamble-to-message distance τp-m are defined in Table 1 [3]. As shown in Table 1, τp-p, τp-a and τp-m for Scalable UMTS N=2 and N=4 are increased by a factor of N (i.e., 2 and 4) relative to UMTS. Also, the PRACH message part radio frame for Scalable UMTS N=2 is increased from 10 ms to 20 ms relative to UMTS while for Scalable UMTS N=4 it is increased from 10 ms to 40 ms relative to UMTS.
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Figure 2 UMTS and Scalable UMTS N=2 and N=4 random-access procedure

Table 1 UMTS and Scalable UMTS N=2 and N=4 τp-p, τp-a and τp-m
	
	AICH_Transmission_Timing

	
	0
	1

	τp-p
	> 15360 chips
	> 20480 chips

	
	N=1
	N=2
	N=4
	N=1
	N=2
	N=4

	
	> 4 ms
	> 8 ms
	> 16 ms
	> 5.33 ms
	> 10.67 ms
	> 21.33 ms

	τp-a
	7680 chips
	12800 chips

	
	N=1
	N=2
	N=4
	N=1
	N=2
	N=4

	
	2 ms
	4 ms
	8 ms
	3.33 ms
	6.67 ms
	13.33 ms

	τp-m
	15360 chips
	20480 chips

	
	N=1
	N=2
	N=4
	N=2
	N=2
	N=4

	
	4 ms
	8 ms
	16 ms
	5.33 ms
	10.67 ms
	21.33 ms


2.3


Random-access Procedure Parameters

Table 2 provides some typical values of various random-access procedure parameters for UMTS (i.e., N=1) and Scalable UMTS N=2 and N=4 [4], [5].

Table 2 Typical values of random-access procedure parameters usable for both UMTS and Scalable UMTS N=2 and N=4

	Parameter name
	Value range
	Typical value
	Comments

	Layer 1
	
	
	

	Preamble Retrans Max
	1 … 64
	5 to 10
	Maximum number of preambles in one preamble ramping cycle

	Layer2
	
	
	

	Mmax
	1 … 32
	2 to 3
	Maximum number of preamble cycles

	NBO1min
	0 … 50
	1 to 3
	Sets lower bound for random back-off

	NBO1max
	0 … 50
	1 to 5
	Sets upper bound for random back-off

	TBO1
	NA
	NBO1* 10 ms (NOTE1)
	Backoff timer after receiving NACK on AICH

	T2
	NA
	10 ms
	Timer after receiving no acknowledgement on AICH or new persistency test is required

	T300
	100 ms, 200 ms, 400 ms, 600 ms, 800 ms, 1000 ms, 1200 ms, 1400 ms, 1600 ms, 1800 ms, 2000 ms, 3000 ms, 4000 ms, 6000 ms, 8000 ms (NOTE2)
	1000 ms (NOTE2)
	Start: Transmission of RRC CONNECTION REQUEST in case of connection establishment
Stop: Reception of RRC CONNECTION SETUP
Expiry: Retransmit RRC CONNECTION REQUEST if V300 ≤ N300, else go to Idle mode

	N300
	0 … 7
	5
	Maximum number of retransmissions of the RRC CONNECTION REQUEST message


NOTE1: NBO1min ≤ NBO1 ≤ NBO1max

NOTE2: The value of T300 need not be different for UMTS and Scalable UMTS N=2 or N=4 for relatively high T300 values (e.g., T300 ≥ 1000 ms) since the delays in the UTRAN network do not increase for Scalable UMTS N=2 or N=4 relative to UMTS and any additional air interface Scalable UMTS N=2 or N=4 latency relative to UMTS is small in comparison to 1000 ms.
2.4


PRACH Message Part

Figure 3 illustrates the structure of the PRACH message part radio frame for UMTS (i.e., N=1) and Scalable UMTS N=2 and N=4. The N*10 ms message part radio frame is split into 15 slots, each of length Tslot = 2560 chips. Each slot consists of two parts, a data part to which the RACH transport channel is mapped and a control part that carries Layer 1 control information. The data and control parts are transmitted in parallel. An N*10 ms message part consists of one message part radio frame, while an N*20 ms message part consists of two consecutive N*10 ms message part radio frames. The message part length is equal to the TTI of the RACH transport channel in use. This TTI length is configured by higher layers (e.g., in SIB5) [3].
 As depicted in Figure 3, the PRACH message part radio frame for Scalable UMTS N=2 is increased from 10 ms to 20 ms relative to UMTS while for Scalable UMTS N=4 it is increased from 10 ms to 40 ms relative to UMTS.
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Figure 3 UMTS and Scalable UMTS N=2 and N=4 PRACH message part radio frame structure

Table 3 lists the random-access message data fields and Table 4 lists the random-access control fields for UMTS (i.e., N=1) and Scalable UMTS N=2 and N=4 [3]. Note that the channel bit rate and symbol rate are reduced by a factor of 1/2 for Scalable UMTS N=2 relative to UMTS. For Scalable UMTS N=4, they are reduced by a factor of 1/4 relative to UMTS. Consequently, the SF for all slot formats stays the same.

Table 3 UMTS and Scalable UMTS N=2 and N=4 random-access message data fields

	Slot Format #i
	Channel Bit Rate (kbps)
	Channel Symbol Rate (ksps)
	SF
	Bits/ Frame
	Bits/ Slot
	Ndata

	0
	15/N 
	15/N 
	256
	150
	10
	10

	1
	30/N 
	30/N 
	128
	300
	20
	20

	2
	60/N 
	60/N 
	64
	600
	40
	40

	3
	120/N 
	120/N 
	32
	1200
	80
	80


Table 4 UMTS and Scalable UMTS N=2 and N=4 random-access message control fields
	Slot Format #i
	Channel Bit Rate (kbps)
	Channel Symbol Rate (ksps)
	SF
	Bits/ Frame
	Bits/ Slot
	Npilot
	NTFCI

	0
	15/N
	15/N
	256
	150
	10
	8
	2


2.5


Random Access Latency Analysis

Figure 5 illustrates the Random Access procedure.
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Figure 5 Random Access procedure
Table 6 provides an estimate of the average latency values. It is assumed that 4 preambles per preamble ramping cycle and 1 preamble cycle are needed during the Random Access procedure shown in Step 2 of Figure 5.
The estimated total average latency due to the Scalable UMTS N=2 is shown in the last row of Table 6. The results indicate that there is an increase in the latency of approximately 34 ms (i.e., 17.9%) relative to UMTS. For Scalable UMTS N=4, the number is 120 ms (63.4%).
Table 6 Estimated average latency values for UMTS and Scalable UMTS N=2
	Time
	UMTS latency (ms)
	Scalable UMTS N=2 latency (ms)
	Scalable UMTS N=4 latency (ms)
	∆N=2 (ms)
	∆N=4 (ms)
	Comments

	T0
	145
	165
	205
	∆T1 = 20 (NOTE1)
	∆T1 = 60
	T0 is the time it takes the UE to read SIB7. Depends upon network parameters. Affected by SIB7 repetition period.

	T1
	44
	58
	104
	∆T1 = 14
	∆T1 = 60
	T1 is the time it takes the UE to perform the Random Access procedure. Assume that there are 4 preambles per preamble ramping cycle, 1 preamble cycle. T1 is computed as 
3* max(τ2, τ p-p)+ τp-m+ τRACH (message part)

	Total
	189
	223
	309
	34
	120
	Estimated average latency increases due to Scalable UMTS N=2 and N=4 are 17.9% and 63.4%, respectively.


NOTE1: Assuming that a single PCCPCH is used, then ∆T0 = 20 ms for BCH relative to UMTS, where the value for ∆T0 assumes Scalable UMTS N=2 optimized SIB scheduling is used as described in [7]. However, if either two SF=256 PCCPCHs or one SF=128 PCCPCH is used instead of a single SF=256 PCCPCH, then ∆T0 = 0 ms for BCH relative to UMTS.
4
Conclusions
For Scalable UMTS N=2, the increase in latency relative to UMTS for the Random Access procedure is on the order of 17.9% (189 ms vs. 223 ms). For Scalable UMTS N=4, the number is around 63.4% (189 ms vs. 309 ms).
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� During the RRC Connection Establishment procedure, the PRACH message part carries the RRC CONNECTION REQUEST message � REF _Ref362254843 \r \h ��[4]�.
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