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1
Introduction

During the 3GPP RAN Plenary #60 meeting it was agreed that RAN WG2 should evaluate the following S-UMTS time dilation solution items and provide feedback to RAN WG1 in the form of a text proposal for the RAN WG1 TR (i.e., TR 25.701):

· Impact on mobility (idle and connected state)

· Impact on SIBs acquisition

· Impact on signalling and user plane latency

· Impact on MAC, RLC and RRC performance, including impact on timers and procedures

This contribution evaluates the S-UMTS time dilation solution impacts on user plane latency for CELL_DCH state. A corresponding text proposal for the S-UMTS Technical Report [1] is provided in [2].
2
Discussion
2.1


Overview

The power spectral density (PSD) of the S-UMTS time dilation solution in both the uplink and downlink can be either the same as normal UMTS or scaled by a factor of N relative to normal UMTS (where N=2 or 4). In the first case the S-UMTS total transmit power is 1/N of normal UMTS. In the second case the S-UMTS total transmit power is the same as normal UMTS. This is illustrated in Figure 1 and Figure 2.

In Figure 1, for the uplink, if the normal UMTS UE transmit power is 23 dBm, then the S-UMTS UE transmit power is 23 dBm – 10log10(N) (i.e., 20 dBm for S-UMTS N=2 and 17 dBm for S-UMTS N=4). For the downlink, if the normal UMTS Node B/cell transmit power is 43 dBm, then the S-UMTS Node B/cell transmit power is 43 dBm - 10log10(N) (i.e., 40 dBm for S-UMTS N=2 and 37 dBm for S-UMTS N=4).

In Figure 2, for the uplink, if the normal UMTS UE transmit power is 23 dBm, then the S-UMTS UE transmit power is also 23 dBm (for both S-UMTS N=2 and N=4). For the downlink, if the normal UMTS Node B/cell transmit power is 43 dBm, then the S-UMTS Node B/cell transmit power is also 43 dBm (for both S-UMTS N=2 and N=4).
When the PSD of the S-UMTS time dilation solution is the same as normal UMTS (as shown in Figure 1) then the S-UMTS data rate and latency are scaled accordingly (i.e., by a factor of N). For example, if 100 bits are transmitted on an E-DCH with a 10 ms TTI for normal UMTS then this translates to 100 bits being transmitted on an E-DCH with an N*10 ms TTI for the S-UMTS time dilation solution.

However, when the PSD of the S-UMTS time dilation solution is scaled by a factor of N relative to normal UMTS (as shown in Figure 2) then the extra power available for S-UMTS can be used to overcome the data rate and/or latency impacts mentioned above and achieve a performance that is comparable to normal UMTS. In what follows, two cases for latency are analyzed. In one case, the data rate is assumed to be the same between UMTS and S-UMTS and the impact on latency is captured. This is referred to as the “same rate” case. In the second case, the extra power in S-UMTS is used to overcome some of the latency impacts but with a reduced data rate for S-UMTS. This is referred to as the “reduced rate” case.

The UTRAN backhaul, core network as well as processing delays are unchanged due to time dilation solution of S-UMTS. For the analysis presented in this paper, the contribution from these aspects is not considered. It suffices to say that these would add similar delays in U-plane for both normal UMTS and S-UMTS thereby reducing the impact in latency for time dilation S-UMTS solution.

[image: image1.emf]Y(t)

A

T

c

Y(t)

A/√2

2T

c

T

2T

t

t

Normal UMTS

S-UMTS N=2

Normal UMTS

S-UMTS N=2

f

5 MHz

f

2.5 MHz

PSD

PSD

A

2

*T

c

A

2

*T

c


Figure 1 S-UMTS PSD same as normal UMTS (i.e., S-UMTS transmit power is 1/N of normal UMTS)
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Figure 2 S-UMTS PSD scaled by N relative to normal UMTS (i.e., S-UMTS transmit power same as normal UMTS)
2.2


User Plane Latency Analysis

When the PSD of the S-UMTS time dilation solution is scaled by a factor of N relative to normal UMTS, then the extra power available for S-UMTS can be used to increase the probability that only a single HARQ transmission is required relative to normal UMTS.
The following cases are analyzed:
· E-DCH with TTI = 10 ms and 2 ms

· HS-DSCH
· DCH (specifically, AMR 12.2 kbps circuit-switched voice service)
2.2.1

E-DCH
Figure 3 illustrates the E-DCH HARQ process timing with 10 ms TTI and four HARQ processes.
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Figure 3 E-DCH HARQ process timing with 10 ms TTI and 4 HARQ processes
Figure 4 illustrates the E-DCH HARQ process timing with 2 ms TTI and 8 HARQ processes.
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Figure 4 E-DCH HARQ process timing with 2 ms TTI and 8 HARQ processes

When analysing the user plane latency impact due to the interlace structure of HARQ, two cases should be considered as discussed in Section 2.1. In one case, referred to as “same rate”, the data rate is assumed to be the same between UMTS and S-UMTS. In the second case, referred to as “reduced rate”, the extra power in S-UMTS is used to overcome the latency impact of HARQ at the cost of reduced data rate.

Table 1 lists the user plane latency impact due to HARQ for the “same rate” case. Here we assume a target of 10% BLER after 1st transmission and a maximum of 2 transmissions.

Table 1 Normal UMTS and S-UMTS E-DCH user plane latency due to HARQ for “same rate” case

	E-DCH TTI duration (ms)
	N
	UMTS E-DCH 

User-plane Latency (ms)
	S-UMTS E-DCH 

User-plane Latency (ms)
	S-UMTS 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 2 lists the user plane latency impact due to HARQ for the “reduced rate” case, where the extra power available for S-UMTS is used to increase the probability that only a single HARQ transmission is required relative to normal UMTS. Here we assume a target of 10% BLER after 1st transmission and a maximum of 2 transmissions for normal UMTS and a single transmission for S-UMTS.

Table 2 Normal UMTS and S-UMTS E-DCH user plane latency due to HARQ for “reduced rate” case

	E-DCH TTI duration (ms)
	N
	UMTS E-DCH 

User-plane Latency (ms)
	S-UMTS E-DCH 

User-plane Latency (ms)
	S-UMTS E-DCH 

Excess Latency (ms)

	2
	2 
	1.4 (=0.9*2+0.1*8*2 - 2)
	0
	-1.4

	10
	2 
	3 (=0.9*10+0.1*4*10 - 10)
	0
	-3

	2
	4 
	1.4
	0
	-1.4

	10
	4 
	3
	0
	-3


Table 3 captures the overall user plane latency impact with E-DCH in CELL_DCH in S-UMTS for the “same rate” case. Table 4 captures the overall user plane latency impact with E-DCH in CELL_DCH in S-UMTS for the “reduced rate” case.
Table 3 Overall user plane latency with E-DCH in CELL_DCH for “same rate” case

	Item
	Normal UMTS latency (ms)
	S-UMTS N=2 latency (ms)
	S-UMTS N=4 latency (ms)
	∆N=2 (ms)
	∆N=4 (ms)
	Comments

	Time taken for message transmission
	2
	10
	4
	20
	8
	40
	2
	10
	6
	30
	TTI = 2 ms in first sub-column and TTI = 10 ms in second sub-column

	Time to allow for HARQ
	1.4
	3
	2.8
	6
	5.6
	12
	1.4
	3
	4.2
	9
	

	Total
	3.4
	13
	6.8
	26
	13.6
	52
	3.4
	13
	10.2
	39
	


Table 4 Overall user plane latency with E-DCH in CELL_DCH for “reduced rate” case

	Item
	Normal UMTS latency (ms)
	S-UMTS N=2 latency (ms)
	S-UMTS N=4 latency (ms)
	∆N=2 (ms)
	∆N=4 (ms)
	Comments

	Time taken for message transmission
	2
	10
	4
	20
	8
	40
	2
	10
	6
	30
	TTI = 2 ms in first sub-column and TTI = 10 ms in second sub-column

	Time to allow for HARQ
	1.4
	3
	0
	0
	0
	0
	-1.4
	-3
	-1.4
	-3
	

	Total
	3.4
	13
	4
	20
	8
	40
	0.6
	7
	4.6
	27
	


2.2.2

HS-DSCH
Figure 5 illustrates the HS-DSCH HARQ process timing with 2 ms TTI and 8 HARQ processes.
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Figure 5 HS-DSCH HARQ process timing with 2 ms TTI and 8 HARQ processes
Similar to E-DCH, when analysing the user plane latency impact due to HARQ, two cases should be considered; i.e., “same rate” and “reduced rate”. Table 5 lists the user plane latency impact due to HARQ for the “same rate” case. Here we assume a target of 10% BLER after 1st transmission and a maximum of 2 transmissions. Table 6 lists the user plane latency impact due to HARQ for the “reduced rate” case. Here we assume a target of 10% BLER after 1st transmission and a maximum of 2 transmissions for normal UMTS and a single transmission for S-UMTS.

Table 5 Normal UMTS and S-UMTS HS-DSCH user plane latency due to HARQ for “same rate” case

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

User-plane Latency (ms)
	S-UMTS HS-DSCH 

User-plane Latency (ms)
	S-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 6 Normal UMTS and S-UMTS HS-DSCH user plane latency due to HARQ for “reduced rate” case
	HS-DSCH TTI duration (ms)
	N
	UMTS HS-DSCH 

User-plane Latency (ms)
	S-UMTS HS-DSCH 

User-plane Latency (ms)
	S-UMTS HS-DSCH 

Excess Latency (ms)

	2
	2 
	1.4 (=0.9*2+0.1*8*2 - 2)
	0
	-1.4

	2
	4 
	1.4
	0
	-1.4


Table 7 captures the overall user plane latency impact with HS-DSCH in CELL_DCH in S-UMTS for the “same rate” case. Table 8 captures the overall user plane latency impact with HS-DSCH in CELL_DCH in S-UMTS for the “reduced rate” case.
Table 7 Overall user plane latency with HS-DSCH in CELL_DCH for “same rate” case

	Item
	Normal UMTS latency (ms)
	S-UMTS N=2 latency (ms)
	S-UMTS N=4 latency (ms)
	∆N=2 (ms)
	∆N=4 (ms)
	Comments

	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
	


Table 8 Overall user plane latency with HS-DSCH in CELL_DCH for “reduced rate” case

	Item
	Normal UMTS latency (ms)
	S-UMTS N=2 latency (ms)
	S-UMTS N=4 latency (ms)
	∆N=2 (ms)
	∆N=4 (ms)
	Comments

	Time taken for message transmission
	2
	4
	8
	2
	6
	

	Time to allow for HARQ
	1.4
	0
	0
	-1.4
	-1.4
	

	Total
	3.4
	4
	8
	0.6
	4.6
	


2.2.3

DCH (AMR 12.2 kbps CS Voice)

For S-UMTS N=2 delay sensitive radio bearers such as the AMR 12.2 kbps voice on DCH, the spreading factor in both the uplink and downlink is reduced by a factor of 2 and interleaving is performed over one 20 ms radio frame instead of two in order to achieve the same data rate and latency as normal UMTS. Since the spreading factor is reduced by a factor of 2 relative to normal UMTS, 3 dB more power must be allocated to the AMR 12.2 kbps circuit-switched voice on DCH radio bearer (i.e., the S-UMTS N=2 transmit power is the same as normal UMTS). This is illustrated in Figure 6 for the uplink and Figure 7 for the downlink.
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Figure 6 S-Uplink UMTS N=2 PSD for AMR 12.2 kbps CS voice on DCH radio bearer
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Figure 7 Downlink UMTS N=2 PSD for AMR 12.2 kbps CS voice on DCH radio bearer

3
Conclusions

Based on the above considerations, it is proposed to agree to and capture the text proposal on the S-UMTS time dilation solution impact on user plane latency in CELL_DCH as presented in [2] for inclusion in the Scalable UMTS FDD Bandwidth Technical Report.
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