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1
Introduction

This contribution provides a text proposal for the Scalable UMTS FDD Bandwidth Technical Report [1] capturing a summary of the evaluation of the Time Dilated UMTS impacts on HSPA user plane latency provided in [2].
2
TR 25.701 Text Proposal

[------------------------------------------------------------- TEXT START --------------------------------------------------------------]

7
Solutions of Scalable UMTS

7.1


Time Dilation Solution for Scalable UMTS

7.1.x

User Plane Latency Analysis

7.1.x.1
Downlink User Plane Latency Analysis

Figure x1 illustrates the HS-DSCH HARQ process timing with 2 ms TTI and 8 HARQ processes.
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Figure x1 HS-DSCH HARQ process timing with normal UMTS TTI = 2 ms and 8 HARQ processes

Table x1 captures the HS-DSCH user plane latency impact per HARQ process for Time Dilated UMTS. Here we assume a target of 10% BLER after the 1st transmission and a maximum of 2 transmissions.

Table x1 HS-DSCH user plane latency impact per HARQ process

	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 MAC PDU transmission
	2
	4
	8
	2
	6

	Time to allow for HARQ
	1.4 (=0.9*2+0.1*8*2 – 2)
	2.8
	5.6
	1.4
	4.2

	Total
	3.4
	6.8
	13.6
	3.4
	10.2


7.1.x.1.1
Example: Web Page Download User Plane Latency over Uu Interface
The median Web page size is ≈ 120 kbytes to 170 kbytes, depending upon the country [3]. Assuming that there are 1500 bytes per IP packet, this translates into ≈ 80 to 113 IP packets per Web page.

An estimate of the Web page download user plane latency over the Uu interface is shown in Table x2 for normal UMTS and the Time Dilated UMTS time dilation. Two cases are analyzed:

· Case A: 80 IP packets per Web page

· Case B: 113 IP packets per Web page

The Web page download user plane latency over the Uu interface (Web_pagelatency_Uu) was estimated as a function of the number of MAC PDUs per IP packet (MAC_PDUIP).

Not captured in Table x2 is the fact that the request-response nature of HTTP leads to multiple round trips being required to retrieve objects such as an image, JavaScript, CCS file, etc., where the median number of objects per Web page is ≈ 9 to 16 [3]. During this time the Uu interface may be under-utilized. This, coupled with Web browser processing delays and server load, leads to Web browsing delays saturating once the channel rate is sufficiently high (i.e., when the number of MAC PDUs per IP packet is small).

Table x2 Web page download user plane latency over Uu interface

	Number of MAC PDUs per IP packet    (MAC_PDUIP)
	Number of MAC PDUs required for Web page download        (MAC_PDUWeb_page) 
	Web page download user plane latency over Uu interface (s) (Web_pagelatency_Uu)                        NOTE1

	
	Case A
	Case B
	Case A       NOTE2
	Case B        NOTE2

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

	1
	80
	113
	0.544
	1.088
	2.176
	0.768
	1.537
	3.074

	2
	160
	226
	1.088
	2.176
	4.352
	1.537
	3.074
	6.147

	3
	240
	339
	1.662
	3.264
	6.528
	2.305
	4.610
	9.221

	4
	320
	452
	2.216
	4.352
	8.704
	3.074
	6.147
	12.294

	5
	400
	565
	2.720
	5.440
	10.880
	3.842
	7.684
	15.368

	6
	480
	678
	3.264
	6.528
	13.056
	4.610
	9.221
	18.442

	7
	560
	791
	3.808
	7.616
	15.232
	5.739
	10.758
	21.515

	8
	640
	904
	4.352
	8.704
	17.408
	6.147
	12.294
	24.589


NOTE1: Assuming E-DCH TTI=2 ms, Web_pagelatency = MAC_PDUIP × MAC_PDUWeb_page × 0.0034 × 2 × N

NOTE2: All values for Web_pagelatency that are > 10s are highlighted in green in Table 4.

7.1.x.1.2
Lab Test Results
Figure x2 illustrates the test lab setup used during testing of normal UMTS and Time Dilated UMTS N=2. In the test lab setup, the two main parameters that were controlled were channel type and cell geometry. Fading was introduced using a channel emulator. Geometry was controlled using a single source of interference. A laptop PC was connected to the UE and it was the client for all of the applications evaluated. UE dual antenna receive diversity was used during testing.
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Figure x2 Test lab setup used for testing of normal UMTS and Time Dilated UMTS N=2

Table x3 provides the Node B transmit power allocation used during testing.

Table x3 Node B transmit power allocation used during testing

	Node B transmit power allocation
	Normal UMTS (N=1)
	Time Dilated UMTS N=2
	Comments

	Maximum total Node B transmit power
	Pt_max_N=1 = ‘X’ dBm
	Pt_max_N=2 = Pt_max_N=2 – 3 dB
	Time Dilated UMTS N=2 PSD same as normal UMTS

	PCCPCH_1 transmit power
	Ec/Ior = -12 dB (6.3% of Pt_max_N=1)
	Ec/Ior = -12 dB (6.3% of Pt_max_N=2)
	For Time Dilated UMTS N=2, a single PCCPCH was used with Ec/Ior = - 9 dB (12.6% of Pt_max_N=2)

	PCCPCH_2 transmit power
	Not applicable
	Ec/Ior = -12 dB (6.3% of Pt_max_N=2)
	

	CPICH transmit power
	Pt_CPICH_N=1 = ‘Y’ dBm
	Pt_CPICH_N=2 = Pt_CPICH_N=1 – 3 dB
	Time Dilated UMTS N=2 PSD same as normal UMTS

	HS-PDSCH, HS-SCCH, E-AGCH, E-RGCH and E-HICH total transmit power
	Pt_HS-PDSCH_N=1 = ‘Z’ dBm
	Pt_HS-PDSCH_N=2 = Pt_HS-PDSCH - 3 dB – PCCPCH_2 NOTE1
	Time Dilated UMTS N=2 PSD same as normal UMTS


NOTE1: Values need to be converted from dBm to W before calculating Pt_HS-PDSCH_N=2.

Table x4 provides the lab test results.

Table x4 Lab test results

	Channel type
	Cell Geometry (dB)
	Ping latency (ms)   NOTE1
	Web page download time (s)                  amazon.com

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

	AWGN
	0
	41-82 (63)
	56-79 (62)
	4
	4
	7
	6.5

	
	5
	57-76 (60)
	41-82 (63)
	2.5
	3
	4
	4

	
	10
	57-80 (63)
	57-76 (60)
	2.5
	2.5
	2.5
	3

	
	20
	57-81 (65)
	51-82 (65)
	2
	2
	2
	2

	PA3
	0
	41-82 (63)
	56-78 (63)
	4
	4
	8.5
	7.5

	
	5
	50-87 (61)
	41-82 (63)
	3
	3
	4
	4

	
	10
	41-82 (59)
	49-89 (63)
	2
	2.5
	4
	4

	
	20
	57-80 (60)
	51-82 (65)
	2
	2.5
	2
	2

	VA30
	0
	41-82 (63)
	48-98 (62)
	4
	4
	8.5
	8.5

	
	5
	42-100 (64)
	41-109 (61)
	3
	2.5
	4
	4.5

	
	10
	51-82 (65)
	44-84 (63)
	2
	2
	3.5
	3.5

	
	20
	41-80 (59)
	41-74 (60)
	2
	2.5
	2.5
	3


NOTE1: Ping test was performed between UE and Node B.

Figure x3, Figure x4 and Figure x5 show the Web page download times for an AWGN, PA3 and VA30 channel, respectively.

For low cell geometries (0 dB), the Amazon Web page download time for Time Dilated UMTS N=2 is approximately double that for normal UMTS. At higher cell geometries (5 and 10 dB), the Amazon Web page download time for Time Dilated UMTS N=2 is approximately 30% longer than that for normal UMTS. At very high cell geometries (20 dB), the Amazon Web page download times for Time Dilated UMTS N=2 and normal UMTS are similar.

Note that the request-response nature of HTTP leads to multiple round trips being required to retrieve objects such as an image, JavaScript, CCS file, etc. During this time the Uu interface may be under-utilized. This, coupled with Web browser processing delays and server load, leads to Web browsing delays saturating once the channel rate is sufficiently high (i.e., very high cell geometries).
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Figure x3 Web page download time (AWGN channel)
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Figure x4 Web page download time (PA3 channel)
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Figure x5 Web page download time (VA30 channel)
7.1.x.2
Uplink User Plane Latency Analysis

Figure y1 illustrates the E-DCH HARQ process timing with normal UMTS TTI = 10 ms and four HARQ processes.


[image: image6.emf]HARQ Process 1 HARQ Process 2 HARQ Process 3 HARQ Process 4 HARQ Process 1

1 radio frame = N*10 ms

HARQ RTT = N*40 ms

UE

transmit

H3 ACK/NACK H4 ACK/NACK H1 ACK/NACK H2 ACK/NACK

Node B 

transmit

Timing offset

First retransmission


Figure y1 E-DCH HARQ process timing with normal UMTS TTI = 10 ms and 4 HARQ processes

Figure y2 illustrates the E-DCH HARQ process timing with normal UMTS TTI = 2 ms and 8 HARQ processes.


[image: image7.emf]HARQ 

Process 1

HARQ 

Process 2

HARQ 

Process 3

HARQ 

Process 4

HARQ 

Process 5

HARQ 

Process 6

HARQ 

Process 7

HARQ 

Process 8

HARQ 

Process 1

HARQ RTT = N*16 ms

1 subframe = N*2 ms

H1

ACK/NACK

H8

ACK/NACK

H7

ACK/NACK

H6

ACK/NACK

H5

ACK/NACK

H4

ACK/NACK

Timing offset

UE

transmit

Node B 

transmit


Figure y2 E-DCH HARQ process timing with normal UMTS TTI = 2 ms and 8 HARQ processes

Table y1 and Table y2 capture the E-DCH user plane latency impact per HARQ process for Time Dilated UMTS with 10 ms and 2 ms TTIs for normal UMTS, respectively. Here we assume a target of 10% BLER after the 1st transmission and a maximum of 2 transmissions.

Table y1 E-DCH normal UMTS TTI=10 ms user plane latency impact per HARQ process

	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 MAC PDU transmission
	10
	20
	40
	10
	30

	Time to allow for HARQ
	3 (=0.9*10+0.1*4*10 – 10)
	6
	12
	3
	9

	Total
	13
	26
	52
	13
	39


Table y2 E-DCH normal UMTS TTI=2 ms user plane latency impact per HARQ process

	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 MAC PDU transmission
	2
	4
	8
	2
	6

	Time to allow for HARQ
	1.4 (=0.9*2+0.1*8*2 – 2)
	2.8
	5.6
	1.4
	4.2

	Total
	3.4
	6.8
	13.6
	3.4
	10.2


7.1.x.2.1
Uplink User Plane Latency Mitigation Techniques
When the PSD of Time Dilated UMTS is scaled by a factor N (as shown in Figure y3) then the extra power available for Time Dilated UMTS can be used to overcome data rate and/or latency impacts and achieve a performance that is comparable to normal UMTS. In what follows, two cases for latency are analyzed. In one case, referred to as the “same rate” case, the extra power is used to make the Time Dilated UMTS data rate be the same as normal UMTS. In the second case, referred to as the “reduced rate” case, the extra power in Time Dilated UMTS is used to overcome the latency impact of HARQ at the cost of reduced data rate (reduced by a factor of 1/N) relative to normal UMTS.
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Figure y3 Time Dilated UMTS PSD scaled by N relative to normal UMTS (i.e., Time Dilated UMTS transmit power same as normal UMTS)

Table y3 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 y3 Normal UMTS and Time Dilated 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)
	Time Dilated UMTS     E-DCH

User-plane Latency (ms)
	Time Dilated 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 y4 lists the user plane latency impact due to HARQ for the “reduced rate” case, where the extra power available for Time Dilated 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 Time Dilated UMTS.

Table y4 Normal UMTS and Time Dilated 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)
	Time Dilated UMTS     E-DCH 

User-plane Latency (ms)
	Time Dilated 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 y5 captures the overall user plane latency impact with E-DCH in CELL_DCH in Time Dilated UMTS for the “same rate” case. Table y6 captures the overall user plane latency impact with E-DCH in CELL_DCH in Time Dilated UMTS for the “reduced rate” case.

Table y5 Overall user plane latency with E-DCH in CELL_DCH for “same rate” case

	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 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 y6 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
	


[---------------------------------------------------------------- TEXT END --------------------------------------------------------------]
3
Conclusions
It is proposed to agree to and capture the text proposal as presented in this contribution for inclusion in the Scalable UMTS FDD Bandwidth Technical Report [1].
4
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