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1
Introduction

The following list of open issues were identified at the RAN plenary for the Scalable UMTS study item
· System level evaluation using bursty traffic

· Evaluation of the user plane latency and its implications to user experience

· Evaluation of the impacts of time-dilated UMTS to UE performance (e.g. battery life CPC, CELL_FACH impacts)

· Evaluation of the impacts of time-dilated UMTS on network performance and optimization

· Coverage analysis for voice (with 50msec latency) and data (with equal data rates) 

· Review TP on link level simulation results

· Capture system level simulation assumptions in the TR
The impact of time dilated UMTS on CELL_FACH is discussed in this contribution.
2
User Plane Latency Analysis in CELL_FACH state
The main impact of time dilated UMTS on CELL_FACH is on latency. The functional operation in CELL_FACH in time-dilated UMTS is the same as that for UMTS. An analysis of the latency in CELL_FACH is provided in the following sections.
2.1
Uplink
2.1.1
RACH
The user-plane latency in case of uplink transmissions on RACH is introduced from the physical random access preamble ramping procedure and the transmission of the data message part i.e. TTI duration

Since the latency aspects related to the reading of the SIB have been dealt with in RAN2, we focus on the other aspects that contribute to the latency. Table 1 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.

Table 1: Estimated average latency values for UMTS and Time Dilated UMTS
	TTI
	UMTS latency (ms)
	Time Dilated UMTS N=2 latency (ms)
	Time Dilated UMTS N=4 latency (ms)
	∆N=2 (ms)
	∆N=4 (ms)
	Comments

	10ms TTI
	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)

	20ms TTI
	54
	78
	144
	∆T1 = 24
	∆T1 = 90
	


It should be noted that in case of RLC segmentation on RACH, the extra power available for time dilated UMTS can be used to reduce the excess latency in time dilated UMTS compared to UMTS. 

2.1.2
Common E-DCH

Common E-DCH utilizes E-DPDCH/E-DPCCH physical channels for uplink transmissions in CELL_FACH state. With Common E-DCH, it can be assumed that the UE is not required to read SIB7 since the UE will likely be camping in CELL_FACH state thus having an up to date value (of SIB7) already. Also, if the IE “UL interference” is included in SIB5/5bis, the UE is not required to read SIB7. The access procedure and the message part still contribute to the latency.Two other sources of latency need to be considered for this case:-

· Latency due to pilot (DPCCH) only transmission duration i.e. DPCCH preamble 
· Latency due to interlace structure of HARQ

Table 2 lists the user plane delay impact for the message part of Common E-DCH.

Table 2: Normal UMTS and Time Dilated UMTS Common E-DCH User-plane latency due to TTI elongation 

	E-DCH TTI duration (ms)
	N
	UMTS 

Common E-DCH 

User-plane Latency (ms)
	Time Dilated UMTS 

Common E-DCH 

User-plane Latency (ms)
	Time Dilated UMTS 

Common E-DCH 

Excess Latency (ms)

	2
	2 
	2
	4
	2

	10
	2 
	10 
	20
	10

	2
	4 
	2
	8
	6

	10
	4 
	10
	40
	30


Table 3 lists the user plane latency impact due to the DPCCH preamble. Here we assume preamble transmission duration of 20ms. 

Table 3: Normal UMTS and Time Dilated UMTS Common E-DCH User-plane latency due to DPCCH preamble 

	E-DCH TTI duration (ms)
	N
	UMTS 

Common E-DCH 

User-plane Latency (ms)
	Time Dilated UMTS 

Common E-DCH 

User-plane Latency (ms)
	Time Dilated UMTS
Common E-DCH 

Excess Latency (ms)

	2
	2 
	20
	40
	20

	10
	2 
	20 
	40
	20

	2
	4 
	20
	80
	60

	10
	4 
	20
	80
	60


The analysis above assumes no change to the physical layer processing (except for time dilation) to achieve synchronization at the Node-B, i.e. the number of chips of DPCCH only transmission remains the same between UMTS and time dilated UMTS. Following similar arguments as in the previous section, it can be argued that due to the excess energy accumulated over given amount of time in time dilated UMTS, the duration of the DPCCH only preamble (configured in SIB5/5bis/22) could be reduced from that listed in Table 3 for time dilated UMTS.

Table 4 lists the user plane latency impact due to HARQ for a target of 10% BLER after 1st transmission.

Table 4: Normal UMTS and Time Dilated UMTS Common E-DCH User-plane latency due to HARQ for “same rate” case

	E-DCH TTI duration (ms)
	N
	UMTS 

Common E-DCH 

User-plane Latency (ms)
	Time Dilated UMTS 

Common E-DCH 

User-plane Latency (ms)
	Time Dilated UMTS
Common E-DCH 

Excess Latency (ms)

	2
	2 
	1.4 (=0.9*2+0.1*8*2 - 2)
	2.8
	1.4

	10
	2 
	3 (=0.9*10+0.1*4*10 - 10)
	6
	3

	2
	4 
	1.4
	5.6
	4.2

	10
	4 
	3
	12
	9


Table 5 captures the overall user-plane latency impact with common E-DCH in Time Dilated UMTS.

Table 5: Overall u-plane latency for UMTS and Time Dilated UMTS with Common E-DCH

	Item
	Normal UMTS latency (ms)
	Time Dilated UMTS N=2 latency (ms)
	Time Dilated UMTS N=4 latency (ms)
	∆N=2 (ms)
	∆N=4 (ms)
	Comments

	Time taken to perform the PRACH preamble ramping 
	34
	38
	64
	4
	30
	Same as Table 2

	Time taken for message transmission
	Common E-DCH TTI=2ms
	2
	4
	8
	2
	6
	From Table 3.

	
	Common E-DCH TTI=10ms
	10
	20
	40
	10
	30
	

	Time taken for pilot preamble only transmission
	20
	40
	80
	20
	60
	From Table 4

	Time to allow for HARQ
	Common E-DCH TTI=2ms
	1.4
	2.8
	5.6
	1.4
	4.2
	From Table 5

	
	Common E-DCH TTI=10ms
	3
	6
	12
	3
	9
	

	Total
	Common E-DCH TTI=2ms
	57.4
	84.8
	157.6
	27.4
	100.2
	

	
	Common E-DCH TTI=10ms
	67
	104
	196
	37
	129
	


2.2
Downlink
2.2.1
FACH

For FACH transport channel, SCCPCH is used at the physical layer for downlink transmissions to the UE in CELL_FACH state. Unlike the uplink, there are no delays associated with SIB acquisition or preamble ramping to transmit data to the UE in the downlink in CELL_FACH. The only excess latency introduced in the user-plane is due to the actual transmission duration, i.e. the SCCPCH TTI elongation. In UMTS, the SCCPCH TTI is 10ms which would get elongated to 20ms and 40ms for time dilated UMTS N=2 and N=4 cases. This is captured in Table 6 below.
Table 6: Estimated overall U-plane latency for UMTS and time dilated UMTS with FACH

	Item
	Normal UMTS latency (ms)
	Time Dilated UMTS N=2 latency (ms)
	Time Dilated UMTS N=4 latency (ms)
	∆N=2 (ms)
	∆N=4 (ms)

	Time taken for message transmission
	10
	20
	40
	10
	30


2.2.2
HS-DSCH in CELL_FACH

For HS-DSCH downlink transmissions in CELL_FACH state, apart from the TTI elongation, the HARQ structure would add to the user-plane latency in time dilated UMTS compared to UMTS.

Table 7 lists the user plane latency impact due to HARQ for a target of 10% BLER after 1st transmission

Table 7: Normal UMTS and Time Dilated UMTS HS-DSCH User-plane latency due to HARQ

	HS-DSCH TTI duration (ms)
	N
	UMTS HS-DSCH 

User-plane Latency (ms)
	Time Dilated UMTS HS-DSCH 

User-plane Latency (ms)
	Time Dilated UMTS HS-DSCH 

Excess Latency (ms)

	2
	2 
	1.4 (=0.9*2+0.1*8*2 - 2)
	2.8
	1.4

	2
	4 
	1.4
	5.6
	4.2


Table 8 captures the overall user-plane latency impact with HS-DSCH in CELL_FACH in time dilated UMTS.
Table 8: Overall u-plane latency with HS-DSCH in CELL_FACH

	Item
	Normal UMTS latency (ms)
	Time Dilated UMTS N=2 latency (ms)
	Time Dilated UMTS N=4 latency (ms)
	∆N=2 (ms)
	∆N=4 (ms)

	Time taken for message transmission
	2
	4
	8
	2
	6

	Time to allow for HARQ
	1.4
	2.8
	5.6
	1.4
	4.2

	Total
	3.4
	6.8
	13.6
	3.4
	10.2


3
Conclusions

The impact of time dilated UMTS on CELL_FACH was analysed in this document. Since the main impact is on the latency, aspects of user plane latency were addressed. The impact on latency was evaluated for uplink FACH and EUL in CELL_FACH and also for the downlink RACH and HS-DSCH in CELL_FACH. An accompanying text proposal capturing the salient aspects of this contribution is also provided [3].
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