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1 Introduction
This document contains a text proposal for HSDPA system simulation results for TR25.895 [1]. The content of the text proposal is taken from documents [2], [3] and [4].

This document is a resubmission of R1-030887 [5] presented in RAN1#33 that was subject to e_mail approval on the RAN1 reflector. Following comments, this text proposal has the following changes relative to the text proposal in R1-030887 :

· in the second instance of 5.3.2.4.4, the statement "The cell throughput of a 7.68Mcps cell is greater than the combined cell throughput of twin parallel 3.84 Mcps cells in channel types where 7.68Mcps exhibits a link level gain with respect to 3.84Mcps.” is clarified as "The cell throughput of a 7.68Mcps cell is greater than the combined cell throughput of twin parallel 3.84 Mcps cells in channel types where 7.68Mcps exhibits a link level gain with respect to 3.84Mcps.”
· the subsection numbering is corrected : “Analysis of System Level Simulation Results” is corrected to 5.3.2.5 (and the subheadings under this are corrected to 5.3.2.5.x)
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3 Text Proposal

<<<<<<<<<<< START OF TEXT PROPOSAL >>>>>>>>>>>>>>>>>>>
5.3
System Level Results

[Editor's note : This section provides results on cell throughput, outage, number of users supported for varying radio bearer configurations etc.]

5.3.1 Release 99 / 4 type bearers

[Editor’s note : to be included].
5.3.2 Release 5 type (HSDPA) bearers

5.3.2.1 Simulation Parameters

The simulation parameters detailed in Annex B and the link level results of section 5.2.2 are used for the simulation results detailed in this section.
The parameter termed the “code based over the air throughput” is also measured (this is labeled COTA in the figures of this section). This is defined as the total number of bits passing the CRC check per sector / (simulation time * resource utilization).
5.3.2.2  Schedulers
Simulation results are detailed for both Both max C/I and Round robin schedulers.

Scheduler decisions are performed on the basis of CQI reports from the UE. 

The Node B is able to track fast fading on pedestrian speed channels and it thus schedules and selects transport formats on the basis of the instantaneous CQI reported from the UE. The CQI report that is used for scheduling on these channels is derated by a derating parameter (this derating parameter reduces the CQI value as a function of time such that the scheduler schedules UEs with old CQI report in a conservative fashion). The CQI value used for scheduling and transport format selection in pedestrian channels is thus :
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where 
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 is the derating parameter (in units of dB / TTI) and t0 is the time of the CQI report from the UE. A derating parameter of 
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is applied for the simulation results presented within this document.

The Node B maintains data on each UE. For the purposes of scheduling, the Node B stores the times at which each UE was last scheduled and the latest CQI report from each UE. At every TTI, the Node B calculates the modulation and coding that could be applied for each UE.

At each TTI, the Node B prioritises UEs for scheduling by performing two “sort” operations on the data that it holds for each UE. In the first sort operation, the UE separates UEs that have a pending retransmission from those that have pending data for initial transmissions. UEs with pending retransmissions are scheduled in preference to those UEs with pending data for initial transmissions. In the second sort operation : 

· The Round robin scheduler sorts UEs in terms of increasing time since last allocation.

· The max C/I scheduler sorts UEs in terms of increasing possible modulation and coding rate (note that in the case where all the UEs are in the same channel, this is equivalent to sorting in increasing CQI).

At the conclusion of the “sort” operations, the Node B has an ordered list of UEs to schedule. At the head of the list are UEs to schedule with retransmissions, at the tail of the list are UEs to schedule with initial transmissions.

The scheduler works down the sorted list and allocates the maximum resource it can to each UE in turn. The resource and amount of data that are allocated to each UE are thus a function of :

1. amount of pending data for each UE

2. UE turbo capability

3. UE soft buffer capability

Thus for UEs that are experiencing poor channel quality conditions, the scheduler will tend to schedule an amount of physical resource that fills the UE soft buffer capability and an amount of pending data that is less than the UE turbo capability (this can lead to the whole physical resource of one TTI being assigned to a single UE). For UEs that are experiencing favourable channel conditions, the scheduler will tend to schedule an amount of data equal to the UE turbo capability, and an amount of physical resource that is less than the UE soft buffer capability (this can lead to many UEs being scheduled in the same TTI).

A UE is only scheduled with HS-DSCH resource if the scheduler is able to schedule that UE with HS-SCCH resource : if all of the HS-SCCH within the HS-SCCH set of a UE have previously been allocated to other UEs, the UE in question is not scheduled at all in the current cycle.

In both the max C/I and Round robin cases, the scheduler elicits CQI information from the UE by scheduling transmissions to a small UE HARQ memory partition that is not used for the transfer of higher layer data. This functionality implements a “CQI request” within the framework of the Release 5 specifications. The Node B generates CQI reports from the UE by performing the following operations :

· The Node B explicitly partitions the UE HARQ memory into 2 large partitions (for the purposes of transmission of MAC-hs PDUs) and 1 small partition (for the purpose of generating CQI reports).

· the Node B sets aside a small amount of HS-DSCH resource for the purpose of generating CQI reports (8 codes at 3.84Mcps / 16 codes at 7.68Mcps)

· at each TTI, the Node B schedules data on HS-DSCH to UEs according to the main scheduling algorithm

· after “main scheduling”, there will be a set of HS-SCCH that have not been used for scheduling of HS-DSCH resource, these HS-SCCH are used for generating CQI reports

· the scheduler schedules UEs that have pending data to transmit and have not already been allocated HS-DSCH resource with one of the previously unused HS-SCCH and one of the HS-DSCH physical channels that was previously set aside by the Node B. These UEs are scheduled with these HS-SCCH / HS-DSCH pairs in a round-robin fashion in order to effectively request CQI reports from the UEs.

· the CQI request HS-SCCH is coded according to Release 5 specifications with the following attributes :

· the HS-SCCH signals transmission to the small HARQ partition

· the HS-SCCH aborts previous transmissions to the small HARQ partition

· the HS-SCCH indicates the transport block size applied to the associated HS-DSCH and the physical resource applied to HS-DSCH (i.e. it indicates the HS-PDSCH that is transmitted in association with the HS-SCCH). The information signalled on HS-SCCH ensures that MAC-hs PDUs within the associated HS-DSCH are not transferred to higher layers within the UE. One example way of ensuring that MAC-hs PDUs are not transmitted to upper layers within the UE is to indicate that HS-DSCH is encoded with a coding rate of greater than unity.

· the Node B transmits the associated HS-DSCH to the UE according to the details signalled to the UE on the HS-SCCH. The HS-DSCH need not contain higher layer data (it may consist of solely a MAC-hs header and padding)

· the UE receives the HS-DSCH in its small memory partition and generates a CQI report (the UE will always generate a CQI report when it receives HS-DSCH according to Release 5 specifications). The measurement for the CQI report may be based on the HS-DSCH resource that was recently transmitted to the UE (according to Release 5 specifications). The UE will never send MAC-hs PDUs to higher layers as a consequence of receiving an HS-DSCH in the small memory partition due to steps previously taken by the Node B (e.g. ensuring a code rate of greater than unity on HS-DSCH).

The Node B receives CQI reports on HS-SICHs from UEs that are either scheduled with user data on HS-DSCH or “CQI requests” on HS-DSCH and schedules according to both these types of CQI report. Note that a Node B that implements the “CQI request” function has a greater amount of channel quality information that it can use in order to schedule UEs.
5.3.2.3 HTTP Traffic Model Results

In the HTTP simulations, for each simulation run, the system is simulated for 300 seconds after a warm up period of 100 seconds (i.e. 30000 TTIs are simulated per simulation run). Multiple simulation runs (>20) are performed to achieve statistical significance. UEs are randomly dropped onto the 19 cell layout for each simulation run.
5.3.2.3.1 AWGN

Results are presented for a max C/I scheduler and a Round robin scheduler.

Figure 1 to Figure 4 present results using a max C/I scheduler in an AWGN channel.
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Figure 1 - AWGN : cell throughput / over the air throughput / resource utilisation HTTP, max C/I scheduler
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Figure 2 - AWGN : mean packet call rate HTTP, max C/I scheduler
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Figure 3 - AWGN : packet call rate CDFs HTTP, max C/I scheduler
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Figure 4 - AWGN : mean and median packet delays HTTP, max C/I scheduler

The MAC-hs failure rate in the AWGN channel with a max C/I scheduler was significantly less than 10-4 for both the 3.84Mcps and 7.68Mcps chip rates.
The AWGN results with the max C/I scheduler are summarized in Table 1 (7.68Mcps) and Table 2 (3.84Mcps).

Table 1 - Summary of 7.68Mcps AWGN results for HTTP with max C/I scheduler

	#users per sector
	average centre cell throughput / kbps
	resource utilization %
	delay (sec)
	packet call rate CDF

	
	cell t/put
	OTA
	pkt call rate
	
	mean
	median
	<32k/64k/128k/384k/1M

	20
	244
	1488
	424
	9
	0.11
	0.06
	0 / 0 / 2 / 58 / 97

	40
	601
	1707
	459
	20
	0.12
	0.07
	0 / 1 / 3 / 52 / 96

	80
	1083
	1942
	432
	37
	0.12
	0.07
	0 / 1 / 4 / 55 / 98

	120
	1600
	2158
	412
	56
	0.15
	0.08
	1 / 2 / 7 / 59 / 98

	160
	2118
	2443
	393
	74
	0.20
	0.08
	3 / 5 / 11 / 61 / 98


Table 2 - Summary of 3.84Mcps AWGN results for HTTP with max C/I scheduler

	 2 x #users per sector
	average centre cell throughput / kbps
	resource utilization %
	delay (sec)
	packet call rate CDF

	
	2 x cell t/put
	2 x OTA
	pkt call rate
	
	mean
	median
	<32k/64k/128k/384k/1M

	20
	258
	2290
	392
	9
	0.16
	0.09
	0 / 1 / 4 / 64 / 99

	40
	522
	2465
	399
	17
	0.15
	0.08
	1 / 2 / 6 / 62 / 99

	80
	1106
	2570
	381
	38
	0.20
	0.09
	2 / 4 / 10 / 65 / 98

	120
	1594
	2679
	357
	54
	0.24
	0.10
	4 / 7 / 16 / 69 / 98

	160
	2125
	2774
	336
	72
	0.32
	0.12
	8 / 13 / 23 / 70 / 98


Figure 5 to Figure 8 present results using a Round Robin scheduler in AWGN.
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Figure 5 - AWGN : cell throughput / over the air throughput / resource utilisation HTTP, Round robin scheduler
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Figure 6 - AWGN : mean packet call rate HTTP, Round robin scheduler
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Figure 7 - AWGN : packet call rate CDFs HTTP, Round robin scheduler
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Figure 8 - AWGN : mean and median packet delays HTTP, Round robin scheduler

The MAC-hs failure rate in the AWGN channel with a Round robin scheduler was significantly less than 10-4 for both the 3.84Mcps and 7.68Mcps chip rates.
The AWGN results with the Round robin scheduler are summarized in Table 3 (7.68Mcps) and Table 4 (3.84Mcps).

Table 3 - Summary of 7.68Mcps AWGN results for HTTP with Round robin scheduler

	#users per sector
	average centre cell throughput / kbps
	resource utilization %
	delay (sec)
	packet call rate CDF

	
	cell t/put
	OTA
	pkt call rate
	
	mean
	median
	<32k/64k/128k/384k/1M

	20
	257
	1481
	436
	9
	0.11
	0.06
	0 / 0 / 2 / 55 / 98

	40
	508
	1604
	424
	18
	0.11
	0.06
	0 / 0 / 2 / 55 / 99

	80
	1059
	1867
	415
	37
	0.14
	0.08
	0 / 0 / 2 / 59 / 98

	120
	1596
	2125
	382
	57
	0.20
	0.10
	0 / 0 / 3 / 66 / 99

	160
	2164
	2437
	325
	77
	0.31
	0.16
	0 / 1 / 9 / 77 / 100


Table 4 - Summary of 3.84Mcps AWGN results for HTTP with Round robin scheduler

	 2 x #users per sector
	average centre cell throughput / kbps
	resource utilization %
	delay (sec)
	packet call rate CDF

	
	2 x cell t/put
	2 x OTA
	pkt call rate
	
	mean
	median
	<32k/64k/128k/384k/1M

	20
	281
	2517
	425
	9
	0.15
	0.08
	0 / 0 / 1 / 57 / 98

	40
	553
	2408
	405
	19
	0.16
	0.08
	0 / 0 / 2 / 61 / 98

	80
	1112
	2458
	371
	39
	0.22
	0.12
	0 / 0 / 5 / 68 / 98

	120
	1640
	2651
	341
	56
	0.29
	0.14
	0 / 1 / 8 / 75 / 99

	160
	2115
	2669
	268
	75
	0.52
	0.24
	1 / 4 / 18 / 88 / 100


5.3.2.3.2 Pedestrian A 3kmph

Results are presented for a max C/I scheduler and a Round robin scheduler.

Figure 9 to Figure 13 present results using a max C/I scheduler in channel PA3.
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Figure 9 - PA3 : cell throughput / over the air throughput / resource utilisation HTTP, max C/I scheduler
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Figure 10 - PA3 : mean packet call rate HTTP, max C/I scheduler
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Figure 11 - PA3 : packet call rate CDFs HTTP, max C/I scheduler
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Figure 12 - PA3 : mean and median packet delays HTTP, max C/I scheduler
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Figure 13 - PA3 : MAC-hs failure rate HTTP, max C/I scheduler

The PA3 results with the max C/I scheduler are summarized in Table 5 (7.68Mcps) and Table 6 (3.84Mcps).

Table 5 - Summary of 7.68Mcps PA3 results for HTTP with max C/I scheduler

	#users per sector
	average centre cell throughput / kbps
	resource utilization %
	delay (sec)
	packet call rate CDF

	
	cell t/put
	OTA
	pkt call rate
	
	mean
	median
	<32k/64k/128k/384k/1M

	20
	252
	998
	364
	16
	0.17
	0.10
	0 / 1 / 6 / 70 / 99

	40
	558
	1150
	366
	34
	0.19
	0.11
	0 / 1 / 7 / 69 / 98

	80
	1118
	1408
	323
	66
	0.27
	0.14
	1 / 3 / 13 / 76 / 99

	120
	1622
	1756
	299
	85
	0.36
	0.15
	2 / 7 / 21 / 79 / 99

	160
	2080
	2125
	276
	95
	0.51
	0.18
	6 / 13 / 28 / 82 / 99


Table 6 - Summary of 3.84Mcps PA3 results for HTTP with max C/I scheduler

	 2 x #users per sector
	average centre cell throughput / kbps
	resource utilization %
	delay (sec)
	packet call rate CDF

	
	2 x cell t/put
	2 x OTA
	pkt call rate
	
	mean
	median
	<32k/64k/128k/384k/1M

	20
	294
	1207
	309
	24
	0.37
	0.16
	0 / 1 / 12 / 80 / 100

	40
	533
	1271
	291
	40
	0.40
	0.17
	1 / 4 / 20 / 80 / 100

	80
	1004
	1399
	259
	69
	0.49
	0.20
	4 / 10 / 28 / 86 / 100

	120
	1577
	1722
	231
	90
	0.96
	0.31
	13 / 23 / 41 / 86 / 100

	160
	1926
	1950
	203
	98
	1.55
	0.40
	21 / 33 / 49 / 88 / 100


Figure 14 to Figure 18 present results using a Round Robin scheduler in PA3.
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Figure 14 - PA3 : cell throughput / over the air throughput / resource utilisation HTTP, Round robin scheduler
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Figure 15 - PA3 : mean packet call rate HTTP, Round robin scheduler
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Figure 16 - PA3 : packet call rate CDFs HTTP, Round robin scheduler
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Figure 17 - PA3 : mean and median packet delays HTTP, Round robin scheduler
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Figure 18 - PA3 : MAC-hs failure rate HTTP, Round robin scheduler

The PA3 results with the Round robin scheduler are summarized in Table 7 (7.68Mcps) and Table 8 (3.84Mcps).

Table 7 - Summary of 7.68Mcps PA3 results for HTTP with Round robin scheduler

	#users per sector
	average centre cell throughput / kbps
	resource utilization %
	delay (sec)
	packet call rate CDF

	
	cell t/put
	OTA
	pkt call rate
	
	mean
	median
	<32k/64k/128k/384k/1M

	20
	273
	914
	350
	20
	0.22
	0.12
	0 / 1 / 6 / 72 / 99

	40
	516
	1050
	337
	35
	0.20
	0.12
	0 / 1 / 6 / 75 / 99

	80
	1074
	1286
	253
	73
	0.51
	0.25
	1 / 5 / 23 / 89 / 100

	120
	1358
	1375
	91
	98
	2.68
	1.43
	35 / 59 / 85 / 100 / 100

	160
	1413
	1413
	33
	100
	6.83
	3.40
	77 / 99 / 100 / 100 / 100


Table 8 - Summary of 3.84Mcps PA3 results for HTTP with Round robin scheduler

	 2 x #users per sector
	average centre cell throughput / kbps
	resource utilization %
	delay (sec)
	packet call rate CDF

	
	2 x cell t/put
	2 x OTA
	pkt call rate
	
	mean
	median
	<32k/64k/128k/384k/1M

	20
	276
	1155
	293
	24
	0.42
	0.23
	0 / 2 / 15 / 82 / 100

	40
	550
	1173
	254
	45
	0.52
	0.25
	1 / 5 / 24 / 87 / 100

	80
	994
	1200
	147
	83
	1.69
	0.75
	18 / 34 / 62 / 97 / 100

	120
	1232
	1254
	63
	98
	4.43
	2.27
	53 / 75 / 94 / 100 / 100

	160
	1314
	1314
	27
	100
	8.67
	4.74
	83 / 99 / 100 / 100 / 100


5.3.2.3.3 Pedestrian B 3kmph

Results are presented for a max C/I scheduler and a Round robin scheduler.

Figure 19 to Figure 23 present results using a max C/I scheduler in channel PB3.
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Figure 19 - PB3 : cell throughput / over the air throughput / resource utilisation HTTP, max C/I scheduler
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Figure 20 - PB3 : mean packet call rate HTTP, max C/I scheduler
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Figure 21 - PB3 : packet call rate CDFs HTTP, max C/I scheduler
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Figure 22 - PB3 : mean and median packet delays HTTP, max C/I scheduler
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Figure 23 - PB3 : MAC-hs failure rate HTTP, max C/I scheduler

The PB3 results with the max C/I scheduler are summarized in Table 9 (7.68Mcps) and Table 10 (3.84Mcps).

Table 9 - Summary of 7.68Mcps PB3 results for HTTP with max C/I scheduler

	#users per sector
	average centre cell throughput / kbps
	resource utilization %
	delay (sec)
	packet call rate CDF

	
	cell t/put
	OTA
	pkt call rate
	
	mean
	median
	<32k/64k/128k/384k/1M

	20
	270
	1074
	392
	16
	0.16
	0.10
	0 / 0 / 3 / 65 / 98

	40
	533
	1152
	365
	33
	0.20
	0.10
	0 / 1 / 6 / 68 / 99

	80
	1079
	1417
	348
	64
	0.25
	0.11
	1 / 2 / 11 / 72 / 99

	120
	1566
	1698
	322
	85
	0.36
	0.12
	3 / 7 / 18 / 75 / 99

	160
	2054
	2082
	288
	97
	0.72
	0.16
	10 / 16 / 29 / 78 / 99


Table 10 - Summary of 3.84Mcps PB3 results for HTTP with max C/I scheduler

	 2 x #users per sector
	average centre cell throughput / kbps
	resource utilization %
	delay (sec)
	packet call rate CDF

	
	2 x cell t/put
	2 x OTA
	pkt call rate
	
	mean
	median
	<32k/64k/128k/384k/1M

	20
	272
	1474
	346
	18
	0.25
	0.11
	0 / 1 / 7 / 74 / 100

	40
	551
	1531
	333
	34
	0.31
	0.13
	1 / 3 / 11 / 74 / 100

	80
	1024
	1578
	291
	62
	0.42
	0.17
	4 / 9 / 24 / 79 / 99

	120
	1543
	1817
	260
	83
	0.77
	0.22
	11 / 19 / 35 / 82 / 99

	160
	1965
	2005
	234
	97
	1.38
	0.26
	18 / 27 / 41 / 86 / 99


Figure 24 to Figure 28 present results using a Round Robin scheduler in PB3.
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Figure 24 - PB3 : cell throughput / over the air throughput / resource utilisation HTTP, Round robin scheduler
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Figure 25 - PB3 : mean packet call rate HTTP, Round robin scheduler
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Figure 26 - PB3 : packet call rate CDFs HTTP, Round robin scheduler

[image: image30.emf]0 20 40 60 80 100 120 140 160

0

1

2

3

4

5

number of UEs per 10MHz bandwidth

delay / sec

Delay : 3.84 / 7.68 PB3, RR, http, cat 4 UE, 300sec

mean delay 7.68Mcps  

mean delay 3.84Mcps  

median delay 7.68Mcps

median delay 3.84Mcps


Figure 27 - PB3 : mean and median packet delays HTTP, Round robin scheduler
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Figure 28 - PB3 : MAC-hs failure rate HTTP, Round robin scheduler

The PB3 results with the Round robin scheduler are summarized in Table 9 (7.68Mcps) and Table 10 (3.84Mcps).

Table 11 - Summary of 7.68Mcps PB3 results for HTTP with Round robin scheduler

	#users per sector
	average centre cell throughput / kbps
	resource utilization %
	delay (sec)
	packet call rate CDF

	
	cell t/put
	OTA
	pkt call rate
	
	mean
	median
	<32k/64k/128k/384k/1M

	20
	295
	1078
	386
	18
	0.19
	0.10
	0 / 1 / 4 / 67 / 98

	40
	535
	1090
	360
	36
	0.22
	0.12
	0 / 0 / 4 / 71 / 99

	80
	1077
	1353
	282
	69
	0.42
	0.20
	0 / 3 / 16 / 85 / 100

	120
	1471
	1521
	142
	94
	1.56
	0.79
	17 / 33 / 64 / 98 / 100

	160
	1596
	1596
	51
	100
	4.39
	2.45
	59 / 85 / 99 / 100 / 100


Table 12 - Summary of 3.84Mcps PB3 results for HTTP with Round robin scheduler

	 2 x #users per sector
	average centre cell throughput / kbps
	resource utilization %
	delay (sec)
	packet call rate CDF

	
	2 x cell t/put
	2 x OTA
	pkt call rate
	
	mean
	median
	<32k/64k/128k/384k/1M

	20
	297
	1523
	355
	19
	0.30
	0.15
	0 / 2 / 11 / 70 / 99

	40
	486
	1235
	271
	38
	0.44
	0.17
	1 / 4 / 22 / 85 / 100

	80
	1041
	1446
	216
	70
	0.84
	0.41
	6 / 14 / 36 / 92 / 100

	120
	1306
	1377
	103
	94
	2.68
	1.32
	31 / 53 / 80 / 99 / 100

	160
	1468
	1469
	44
	100
	5.55
	3.06
	67 / 90 / 99 / 100 / 100


5.3.2.3.4 Vehicular A 30kmph

Results are presented for a max C/I scheduler and a Round robin scheduler.

Figure 29 to Figure 33 present results using a max C/I scheduler in channel VA30.
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Figure 29 - VA30 : cell throughput / over the air throughput / resource utilisation HTTP, max C/I scheduler
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Figure 30 - VA30 : mean packet call rate HTTP, max C/I scheduler
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Figure 31 - VA30 : packet call rate CDFs HTTP, max C/I scheduler
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Figure 32 - VA30 : mean and median packet delays HTTP, max C/I scheduler
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Figure 33 - VA30 : MAC-hs failure rate HTTP, max C/I scheduler

The VA30 results with the max C/I scheduler are summarized in Table 13 (7.68Mcps) and Table 14 (3.84Mcps).

Table 13 - Summary of 7.68Mcps VA30 results for HTTP with max C/I scheduler

	#users per sector
	average centre cell throughput / kbps
	resource utilization %
	delay (sec)
	packet call rate CDF

	
	cell t/put
	OTA
	pkt call rate
	
	mean
	median
	<32k/64k/128k/384k/1M

	20
	242
	954
	350
	17
	0.20
	0.10
	0 / 1 / 5 / 73 / 100

	40
	592
	1139
	370
	38
	0.25
	0.13
	1 / 3 / 9 / 67 / 99

	80
	1066
	1336
	330
	68
	0.34
	0.14
	5 / 9 / 18 / 72 / 99

	120
	1511
	1580
	302
	92
	0.74
	0.15
	12 / 17 / 25 / 75 / 99

	160
	1863
	1864
	275
	100
	2.86
	0.16
	20 / 24 / 32 / 77 / 99


Table 14 - Summary of 3.84Mcps VA30 results for HTTP with max C/I scheduler

	 2 x #users per sector
	average centre cell throughput / kbps
	resource utilization %
	delay (sec)
	packet call rate CDF

	
	2 x cell t/put
	2 x OTA
	pkt call rate
	
	mean
	median
	<32k/64k/128k/384k/1M

	20
	253
	1271
	297
	20
	0.36
	0.18
	3 / 5 / 16 / 82 / 99

	40
	510
	1375
	302
	34
	0.44
	0.17
	5 / 8 / 20 / 78 / 99

	80
	1044
	1455
	271
	71
	0.70
	0.19
	13 / 20 / 31 / 80 / 99

	120
	1461
	1588
	240
	91
	1.85
	0.23
	21 / 28 / 40 / 83 / 99

	160
	1815
	1817
	217
	100
	3.88
	0.32
	30 / 36 / 47 / 83 / 100


Figure 34 to Figure 38 present results using a Round Robin scheduler in channel VA30.
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Figure 34 - VA30 : cell throughput / over the air throughput / resource utilisation HTTP, Round robin scheduler

[image: image38.emf]0 20 40 60 80 100 120 140 160

0

50

100

150

200

250

300

350

400

450

500

number of UEs per 10MHz bandwidth

packet call throughput / kbps

Packet call rate : 3.84 / 7.68 VA30, RR, http, cat 4 UE, 300sec

PCR 7.68Mcps    

PCR 2 * 3.84Mcps


Figure 35 - VA30 : mean packet call rate HTTP, Round robin scheduler
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Figure 36 - VA30 : packet call rate CDFs HTTP, Round robin scheduler
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Figure 37 - VA30 : and median packet delays HTTP, Round robin scheduler
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Figure 38 - VA30 : MAC-hs failure rate HTTP, Round robin scheduler

The VA30 results with the Round robin scheduler are summarized in Table 15 (7.68Mcps) and Table 16 (3.84Mcps).

Table 15 - Summary of 7.68Mcps VA30 results for HTTP with Round robin scheduler

	#users per sector
	average centre cell throughput / kbps
	resource utilization %
	delay (sec)
	packet call rate CDF

	
	cell t/put
	OTA
	pkt call rate
	
	mean
	median
	<32k/64k/128k/384k/1M

	20
	255
	955
	358
	18
	0.21
	0.10
	0 / 1 / 4 / 71 / 99

	40
	504
	1065
	339
	34
	0.23
	0.12
	0 / 1 / 6 / 73 / 100

	80
	1053
	1276
	263
	72
	0.56
	0.28
	2 / 5 / 22 / 88 / 100

	120
	1434
	1475
	143
	95
	1.52
	0.73
	15 / 30 / 62 / 99 / 100

	160
	1637
	1638
	52
	100
	4.13
	2.33
	58 / 86 / 99 / 100 / 100


Table 16 - Summary of 3.84Mcps VA30 results for HTTP with Round robin scheduler

	 2 x #users per sector
	average centre cell throughput / kbps
	resource utilization %
	delay (sec)
	packet call rate CDF

	
	2 x cell t/put
	2 x OTA
	pkt call rate
	
	mean
	median
	<32k/64k/128k/384k/1M

	20
	280
	1444
	330
	19
	0.32
	0.17
	0 / 1 / 11 / 76 / 100

	40
	542
	1331
	288
	38
	0.43
	0.19
	0 / 2 / 18 / 82 / 100

	80
	1064
	1344
	198
	77
	1.02
	0.49
	8 / 18 / 44 / 94 / 100

	120
	1413
	1497
	117
	95
	2.30
	1.15
	25 / 44 / 74 / 99 / 100

	160
	1558
	1562
	50
	100
	5.18
	2.65
	62 / 86 / 99 / 100 / 100


5.3.2.3.5 Vehicular A 120kmph

Results are presented for a max C/I scheduler and a Round robin scheduler.

Figure 39 to Figure 42 present results using a max C/I scheduler in channel VA120.
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Figure 39 - VA120 : cell throughput / over the air throughput / resource utilisation HTTP, max C/I scheduler
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Figure 40 - VA120 : mean packet call rate HTTP, max C/I scheduler
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Figure 41 - VA120 : packet call rate CDFs HTTP, max C/I scheduler
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Figure 42 - VA120 : mean and median packet delays HTTP, max C/I scheduler

The MAC-hs failure rate in channel VA120 with a max C/I scheduler was significantly less than 10-4 for both the 3.84Mcps and 7.68Mcps chip rates.
The VA120 results with the max C/I scheduler are summarized in Table 17 (7.68Mcps) and Table 18 (3.84Mcps).

Table 17 - Summary of 7.68Mcps VA120 results for HTTP with max C/I scheduler

	#users per sector
	average centre cell throughput / kbps
	resource utilization %
	delay (sec)
	packet call rate CDF

	
	cell t/put
	OTA
	pkt call rate
	
	mean
	median
	<32k/64k/128k/384k/1M

	20
	252
	1070
	382
	15
	0.17
	0.10
	0 / 1 / 5 / 66 / 98

	40
	559
	1200
	384
	33
	0.20
	0.10
	0 / 2 / 8 / 66 / 98

	80
	1107
	1378
	334
	70
	0.39
	0.14
	5 / 9 / 19 / 72 / 98

	120
	1563
	1645
	310
	91
	0.95
	0.14
	13 / 17 / 25 / 74 / 99

	160
	1936
	1951
	291
	98
	1.84
	0.15
	18 / 23 / 30 / 75 / 99


Table 18 - Summary of 3.84Mcps VA120 results for HTTP with max C/I scheduler

	 2 x #users per sector
	average centre cell throughput / kbps
	resource utilization %
	delay (sec)
	packet call rate CDF

	
	2 x cell t/put
	2 x OTA
	pkt call rate
	
	mean
	median
	<32k/64k/128k/384k/1M

	20
	295
	1410
	338
	21
	0.34
	0.14
	1 / 2 / 10 / 74 / 99

	40
	531
	1434
	317
	35
	0.38
	0.13
	4 / 8 / 20 / 75 / 100

	80
	998
	1492
	283
	64
	0.54
	0.17
	8 / 14 / 27 / 80 / 99

	120
	1527
	1694
	255
	89
	1.59
	0.23
	20 / 27 / 40 / 80 / 99

	160
	1803
	1819
	230
	99
	3.85
	0.26
	26 / 32 / 43 / 82 / 99


Figure 43 to Figure 46 present results using a Round Robin scheduler in channel VA120.
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Figure 43 - VA120 : cell throughput / over the air throughput / resource utilisation HTTP, Round robin scheduler
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Figure 44 - VA120 : mean packet call rate HTTP, Round robin scheduler
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Figure 45 - VA120 : packet call rate CDFs HTTP, Round robin scheduler
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Figure 46 - VA120 : mean and median packet delays HTTP, Round robin scheduler

The MAC-hs failure rate in the VA120 channel with a Round robin scheduler was significantly less than 10-4 for both the 3.84Mcps and 7.68Mcps chip rates.
The VA120 results with the Round robin scheduler are summarized in Table 19 (7.68Mcps) and Table 20 (3.84Mcps).

Table 19 - Summary of 7.68Mcps VA120 results for HTTP with Round robin scheduler

	#users per sector
	average centre cell throughput / kbps
	resource utilization %
	delay (sec)
	packet call rate CDF

	
	cell t/put
	OTA
	pkt call rate
	
	mean
	median
	<32k/64k/128k/384k/1M

	20
	273
	966
	369
	19
	0.23
	0.11
	0 / 1 / 5 / 68 / 99

	40
	516
	1129
	359
	32
	0.20
	0.11
	0 / 0 / 5 / 70 / 99

	80
	1084
	1356
	294
	68
	0.41
	0.19
	0 / 2 / 15 / 83 / 100

	120
	1494
	1560
	165
	93
	1.41
	0.69
	12 / 25 / 54 / 97 / 100

	160
	1737
	1738
	67
	100
	3.24
	1.74
	44 / 72 / 96 / 100 / 100


Table 20 - Summary of 3.84Mcps VA120 results for HTTP with Round robin scheduler

	 2 x #users per sector
	average centre cell throughput / kbps
	resource utilization %
	delay (sec)
	packet call rate CDF

	
	2 x cell t/put
	2 x OTA
	pkt call rate
	
	mean
	median
	<32k/64k/128k/384k/1M

	20
	278
	1396
	332
	20
	0.36
	0.19
	0 / 1 / 8 / 74 / 100

	40
	552
	1409
	299
	37
	0.40
	0.16
	1 / 3 / 15 / 80 / 100

	80
	1046
	1482
	226
	69
	0.87
	0.33
	5 / 12 / 33 / 91 / 100

	120
	1450
	1567
	140
	91
	1.82
	0.88
	19 / 35 / 63 / 98 / 100

	160
	1722
	1737
	69
	99
	3.98
	2.14
	48 / 72 / 93 / 100 / 100


5.3.2.3.6 Mixed Channel Model

Mixed channel model results with the HTTP traffic model are obtained with UEs being randomly assigned a channel with the probabilities specified in Table B.5.
Results are presented for a max C/I scheduler and a Round robin scheduler.

Figure 47 to Figure 51 present results using a max C/I scheduler with the mixed channel model.
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Figure 47- mixed channel model : cell throughput / over the air throughput / resource utilisation HTTP, max C/I scheduler
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Figure 48 - mixed channel model : mean packet call rate HTTP, max C/I scheduler
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Figure 49 – mixed channel model : packet call rate CDFs HTTP, max C/I scheduler
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Figure 50 - mixed channel model : mean and median packet delays HTTP, max C/I scheduler
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Figure 51 - mixed channel model : MAC-hs failure rate HTTP, max C/I scheduler

The mixed channel model results with the max C/I scheduler are summarized in Table 21 (7.68Mcps) and Table 22 (3.84Mcps).

Table 21 - Summary of 7.68Mcps mixed channel model results for HTTP with max C/I scheduler

	#users per sector
	average centre cell throughput / kbps
	resource utilization %
	delay (sec)
	packet call rate CDF

	
	cell t/put
	OTA
	pkt call rate
	
	mean
	median
	<32k/64k/128k/384k/1M

	20
	253
	1071
	382
	15
	0.16
	0.10
	0 / 1 / 5 / 65 / 99

	40
	530
	1168
	369
	31
	0.19
	0.10
	0 / 1 / 6 / 67 / 98

	80
	1096
	1398
	349
	66
	0.29
	0.11
	1 / 3 / 11 / 72 / 99

	120
	1570
	1736
	327
	82
	0.34
	0.12
	3 / 7 / 18 / 74 / 99

	160
	2079
	2112
	304
	96
	0.72
	0.14
	9 / 14 / 26 / 75 / 99


Table 22 - Summary of 3.84Mcps mixed channel model results for HTTP with max C/I scheduler

	 2 x #users per sector
	average centre cell throughput / kbps
	resource utilization %
	delay (sec)
	packet call rate CDF

	
	2 x cell t/put
	2 x OTA
	pkt call rate
	
	mean
	median
	<32k/64k/128k/384k/1M

	20
	316
	1421
	348
	22
	0.39
	0.18
	0 / 1 / 11 / 72 / 99

	40
	528
	1402
	328
	35
	0.30
	0.13
	0 / 2 / 16 / 77 / 99

	80
	989
	1565
	300
	60
	0.41
	0.15
	3 / 7 / 20 / 78 / 100

	120
	1490
	1750
	278
	83
	0.60
	0.17
	8 / 15 / 29 / 80 / 99

	160
	2035
	2115
	254
	95
	1.46
	0.24
	17 / 25 / 38 / 80 / 100


Figure 52 to Figure 56 present results using a Round robin scheduler with the mixed channel model.
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Figure 52- mixed channel model : cell throughput / over the air throughput / resource utilisation HTTP, Round robin scheduler
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Figure 53 - mixed channel model : mean packet call rate HTTP, Round robin scheduler
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Figure 54 – mixed channel model : packet call rate CDFs HTTP, Round robin scheduler
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Figure 55 - mixed channel model : mean and median packet delays HTTP, Round robin scheduler
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Figure 56 - mixed channel model : MAC-hs failure rate HTTP, Round robin scheduler

The mixed channel model results with the Round robin scheduler are summarized in Table 23 (7.68Mcps) and Table 24 (3.84Mcps).

Table 23 - Summary of 7.68Mcps mixed channel model results for HTTP with Round robin scheduler

	#users per sector
	average centre cell throughput / kbps
	resource utilization %
	delay (sec)
	packet call rate CDF

	
	cell t/put
	OTA
	pkt call rate
	
	mean
	median
	<32k/64k/128k/384k/1M

	20
	298
	1145
	399
	17
	0.18
	0.10
	0 / 0 / 2 / 63 / 98

	40
	589
	1223
	383
	34
	0.20
	0.11
	0 / 0 / 4 / 67 / 98

	80
	1093
	1421
	302
	65
	0.41
	0.20
	1 / 3 / 15 / 81 / 100

	120
	1473
	1547
	174
	91
	1.16
	0.59
	11 / 23 / 51 / 96 / 100

	160
	1681
	1683
	60
	100
	3.68
	1.97
	51 / 79 / 97 / 100 / 100


Table 24 - Summary of 3.84Mcps mixed channel model results for HTTP with Round robin scheduler

	 2 x #users per sector
	average centre cell throughput / kbps
	resource utilization %
	delay (sec)
	packet call rate CDF

	
	2 x cell t/put
	2 x OTA
	pkt call rate
	
	mean
	median
	<32k/64k/128k/384k/1M

	20
	279
	1653
	373
	15
	0.23
	0.12
	0 / 1 / 9 / 69 / 95

	40
	566
	1331
	293
	41
	0.51
	0.20
	0 / 3 / 16 / 81 / 100

	80
	1032
	1440
	225
	70
	0.81
	0.35
	5 / 13 / 35 / 90 / 100

	120
	1459
	1561
	120
	92
	2.04
	0.99
	23 / 42 / 73 / 99 / 100

	160
	1591
	1591
	51
	100
	5.15
	2.46
	60 / 84 / 99 / 100 / 100


5.3.2.4
FTP Traffic Model Results

In the FTP simulations, for each simulation run, the system is simulated for 700 seconds after a warm up period of 200 seconds (i.e. 70000 TTIs are simulated per simulation run). Multiple simulation runs (>20) are performed to achieve statistical significance. UEs are randomly dropped onto the 19 cell layout for each simulation run.
5.3.2.4.1 AWGN

Results are presented for a max C/I scheduler and a Round robin scheduler.

Figure 57 to Figure 60 present results using a max C/I scheduler in an AWGN channel.
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Figure 57 - AWGN : cell throughput / over the air throughput / resource utilisation FTP, max C/I scheduler
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Figure 58 - AWGN : mean packet call rate FTP, max C/I scheduler
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Figure 59 - AWGN : packet call rate CDFs FTP, max C/I scheduler
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Figure 60 - AWGN : mean and median packet delays FTP, max C/I scheduler

The MAC-hs failure rate in the AWGN channel with a max C/I scheduler was significantly less than 10-4 for both the 3.84Mcps and 7.68Mcps chip rates.

The AWGN results with the max C/I scheduler are summarized in Table 25 (7.68Mcps) and Table 26 (3.84Mcps).

Table 25 - Summary of 7.68Mcps AWGN results for FTP with max C/I scheduler

	#users per sector
	average centre cell throughput / kbps
	resource utilization %
	delay (sec)
	packet call rate CDF

	
	cell t/put
	OTA
	pkt call rate
	
	mean
	median
	<32k/64k/128k/384k/1M

	10
	946
	2046
	1771
	33
	0.95
	0.62
	3 / 3 / 3 / 5 / 20

	20
	1834
	2484
	1762
	59
	1.11
	0.61
	2 / 2 / 2 / 7 / 23

	30
	2704
	2966
	1663
	83
	1.67
	0.62
	2 / 3 / 5 / 14 / 28

	40
	3303
	3334
	1497
	98
	3.75
	0.72
	8 / 10 / 13 / 21 / 35

	50
	3947
	3947
	1410
	100
	7.68
	0.72
	15 / 17 / 20 / 28 / 38

	60
	4328
	4328
	1341
	100
	11.41
	0.81
	20 / 22 / 24 / 31 / 41


Table 26 - Summary of 3.84Mcps AWGN results for FTP with max C/I scheduler

	 2 x #users per sector
	average centre cell throughput / kbps
	resource utilization %
	delay (sec)
	packet call rate CDF

	
	2 x cell t/put
	2 x OTA
	pkt call rate
	
	mean
	median
	<32k/64k/128k/384k/1M

	10
	889
	3241
	1644
	26
	1.10
	0.59
	1 / 1 / 1 / 5 / 25

	20
	1803
	3122
	1538
	56
	1.47
	0.77
	2 / 2 / 2 / 11 / 36

	30
	2574
	3239
	1382
	79
	2.38
	0.81
	3 / 5 / 8 / 20 / 39

	40
	3286
	3481
	1270
	94
	5.13
	1.16
	8 / 11 / 16 / 26 / 46

	50
	3837
	3888
	1192
	99
	6.08
	1.20
	14 / 17 / 21 / 31 / 50

	60
	4333
	4333
	1136
	100
	15.23
	1.29
	19 / 22 / 26 / 37 / 50


Figure 61 to Figure 64 present results using a Round robin scheduler in an AWGN channel.
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Figure 61 - AWGN : cell throughput / over the air throughput / resource utilisation FTP, Round robin scheduler
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Figure 62 - AWGN : mean packet call rate FTP, Round robin scheduler
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Figure 63 - AWGN : packet call rate CDFs FTP, Round robin scheduler
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Figure 64 - AWGN : mean and median packet delays FTP, Round robin scheduler

The MAC-hs failure rate in the AWGN channel with a Round robin scheduler was significantly less than 10-4 for both the 3.84Mcps and 7.68Mcps chip rates.

The AWGN results with the Round robin scheduler are summarized in Table 27 (7.68Mcps) and Table 28 (3.84Mcps).

Table 27 - Summary of 7.68Mcps AWGN results for FTP with Round robin scheduler

	#users per sector
	average centre cell throughput / kbps
	resource utilization %
	delay (sec)
	packet call rate CDF

	
	cell t/put
	OTA
	pkt call rate
	
	mean
	median
	<32k/64k/128k/384k/1M

	10
	908
	2003
	1653
	33
	0.92
	0.73
	3 / 3 / 3 / 3 / 24

	20
	1775
	2446
	1379
	60
	1.23
	0.99
	2 / 2 / 2 / 4 / 33

	30
	2584
	2842
	901
	84
	2.17
	1.61
	2 / 2 / 3 / 19 / 66

	40
	3015
	3040
	380
	98
	5.12
	4.03
	2 / 5 / 15 / 66 / 97

	50
	3413
	3418
	275
	99
	6.54
	5.38
	3 / 8 / 22 / 85 / 100

	60
	3344
	3344
	142
	100
	10.90
	8.93
	11 / 22 / 54 / 100 / 100


Table 28 - Summary of 3.84Mcps AWGN results for FTP with Round robin scheduler

	 2 x #users per sector
	average centre cell throughput / kbps
	resource utilization %
	delay (sec)
	packet call rate CDF

	
	2 x cell t/put
	2 x OTA
	pkt call rate
	
	mean
	median
	<32k/64k/128k/384k/1M

	10
	883
	3087
	1498
	29
	1.23
	0.78
	2 / 2 / 3 / 7 / 28

	20
	1776
	2981
	1047
	60
	2.12
	1.57
	1 / 1 / 2 / 19 / 58

	30
	2491
	2891
	617
	86
	4.09
	2.80
	2 / 4 / 11 / 41 / 85

	40
	3087
	3277
	448
	94
	4.65
	3.50
	1 / 4 / 14 / 53 / 95

	50
	3268
	3308
	259
	98
	8.00
	5.98
	7 / 14 / 34 / 83 / 99

	60
	3492
	3503
	174
	100
	10.34
	8.02
	12 / 23 / 46 / 98 / 100


5.3.2.4.2 Pedestrian A 3kmph

Results are presented for a max C/I scheduler and a Round robin scheduler.

Figure 65 to Figure 69 present results using a max C/I scheduler in channel PA3.
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Figure 65 - PA3 : cell throughput / over the air throughput / resource utilisation FTP, max C/I scheduler
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Figure 66 - PA3 : mean packet call rate FTP, max C/I scheduler
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Figure 67 - PA3 : packet call rate CDFs FTP, max C/I scheduler
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Figure 68 - PA3 : mean and median packet delays FTP, max C/I scheduler
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Figure 69 - PA3 : MAC-hs failure rate FTP, max C/I scheduler

The PA3 results with the max C/I scheduler are summarized in Table 29 (7.68Mcps) and Table 30 (3.84Mcps).
Table 29 - Summary of 7.68Mcps PA3 results for FTP with max C/I scheduler

	#users per sector
	average centre cell throughput / kbps
	resource utilization %
	delay (sec)
	packet call rate CDF

	
	cell t/put
	OTA
	pkt call rate
	
	mean
	median
	<32k/64k/128k/384k/1M

	10
	872
	1469
	1221
	48
	1.47
	1.13
	2 / 2 / 2 / 8 / 45

	20
	1773
	2027
	1157
	80
	2.01
	1.16
	1 / 2 / 3 / 17 / 47

	30
	2439
	2483
	984
	97
	3.42
	1.50
	4 / 7 / 12 / 30 / 55

	40
	3045
	3046
	871
	100
	5.55
	2.14
	8 / 12 / 22 / 40 / 60

	50
	3581
	3581
	801
	100
	11.65
	2.60
	16 / 22 / 29 / 46 / 64

	60
	3874
	3874
	665
	100
	21.50
	4.34
	24 / 31 / 39 / 54 / 70


Table 30 - Summary of 3.84Mcps PA3 results for FTP with max C/I scheduler

	 2 x #users per sector
	average centre cell throughput / kbps
	resource utilization %
	delay (sec)
	packet call rate CDF

	
	2 x cell t/put
	2 x OTA
	pkt call rate
	
	mean
	median
	<32k/64k/128k/384k/1M

	10
	901
	1618
	817
	60
	3.28
	1.70
	1 / 2 / 10 / 38 / 66

	20
	1619
	1846
	811
	88
	4.07
	2.33
	2 / 5 / 14 / 41 / 65

	30
	2155
	2188
	675
	99
	7.78
	3.02
	13 / 20 / 29 / 51 / 71

	40
	2676
	2682
	641
	100
	11.06
	4.18
	16 / 24 / 36 / 56 / 71

	50
	3222
	3222
	546
	100
	17.07
	5.12
	25 / 32 / 42 / 60 / 78

	60
	3509
	3509
	522
	100
	27.67
	6.86
	29 / 37 / 46 / 61 / 78


Figure 70 to Figure 74 present results using a Round robin scheduler in channel PA3.
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Figure 70 – PA3 : cell throughput / over the air throughput / resource utilisation FTP, Round robin scheduler
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Figure 71 – PA3 : mean packet call rate FTP, Round robin scheduler
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Figure 72 – PA3 : packet call rate CDFs FTP, Round robin scheduler
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Figure 73 – PA3 : mean and median packet delays FTP, Round robin scheduler
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Figure 74 - PA3 : MAC-hs failure rate FTP, Round robin scheduler
The PA3 results with the Round robin scheduler are summarized in Table 31 (7.68Mcps) and Table 32 (3.84Mcps).

Table 31 - Summary of 7.68Mcps PA3 results for FTP with Round robin scheduler

	#users per sector
	average centre cell throughput / kbps
	resource utilization %
	delay (sec)
	packet call rate CDF

	
	cell t/put
	OTA
	pkt call rate
	
	mean
	median
	<32k/64k/128k/384k/1M

	10
	857
	1470
	1067
	49
	1.74
	1.40
	3 / 3 / 3 / 16 / 54

	20
	1499
	1617
	479
	89
	4.97
	3.85
	2 / 5 / 17 / 55 / 88

	30
	1598
	1598
	130
	100
	12.61
	10.95
	18 / 35 / 66 / 100 / 100

	40
	1567
	1567
	73
	100
	19.56
	17.44
	38 / 66 / 95 / 100 / 100

	50
	1645
	1645
	55
	100
	24.43
	22.06
	53 / 80 / 99 / 100 / 100

	60
	1713
	1713
	43
	100
	29.36
	26.28
	68 / 94 / 100 / 100 / 100


Table 32 - Summary of 3.84Mcps PA3 results for FTP with Round robin scheduler

	 2 x #users per sector
	average centre cell throughput / kbps
	resource utilization %
	delay (sec)
	packet call rate CDF

	
	2 x cell t/put
	2 x OTA
	pkt call rate
	
	mean
	median
	<32k/64k/128k/384k/1M

	10
	787
	1682
	712
	54
	3.63
	2.14
	2 / 3 / 10 / 42 / 73

	20
	1316
	1472
	270
	91
	8.61
	7.06
	9 / 19 / 41 / 81 / 99

	30
	1284
	1287
	98
	100
	19.23
	16.77
	38 / 60 / 78 / 100 / 100

	40
	1541
	1541
	76
	100
	21.92
	18.67
	43 / 65 / 86 / 100 / 100

	50
	1579
	1579
	55
	100
	27.07
	21.72
	55 / 77 / 98 / 100 / 100

	60
	1539
	1539
	38
	100
	35.47
	32.01
	72 / 91 / 100 / 100 / 100


5.3.2.4.3 Pedestrian B 3kmph

Results are presented for a max C/I scheduler and a Round robin scheduler.

Figure 75 to Figure 79 present results using a max C/I scheduler in channel PB3.
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Figure 75 - PB3 : cell throughput / over the air throughput / resource utilisation FTP, max C/I scheduler
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Figure 76 - PB3 : mean packet call rate FTP, max C/I scheduler
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Figure 77 - PB3 : packet call rate CDFs FTP, max C/I scheduler
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Figure 78 - PB3 : mean and median packet delays FTP, max C/I scheduler

[image: image82.emf]0 10 20 30 40 50 60

10

-6

10

-5

10

-4

10

-3

10

-2

10

-1

10

0

number of UEs per 10MHz bandwidth

MAC-hs failure rate

MAC-hs failure rate : 3.84 / 7.68 PB3, max C/I, ftp, cat 4 UE, 700sec

MAC-hs FR 7.68Mcps

MAC-hs FR 3.84Mcps


Figure 79 - PB3 : MAC-hs failure rate FTP, max C/I scheduler

The PB3 results with the max C/I scheduler are summarized in Table 33 (7.68Mcps) and Table 34 (3.84Mcps).
Table 33 - Summary of 7.68Mcps PB3 results for FTP with max C/I scheduler

	#users per sector
	average centre cell throughput / kbps
	resource utilization %
	delay (sec)
	packet call rate CDF

	
	cell t/put
	OTA
	pkt call rate
	
	mean
	median
	<32k/64k/128k/384k/1M

	10
	927
	1519
	1361
	50
	1.45
	0.96
	1 / 1 / 1 / 9 / 38

	20
	1745
	1991
	1282
	81
	2.14
	0.95
	1 / 2 / 6 / 21 / 40

	30
	2384
	2406
	1059
	98
	4.79
	1.36
	7 / 11 / 18 / 33 / 53

	40
	2982
	2982
	1008
	100
	10.00
	1.81
	14 / 19 / 26 / 40 / 54

	50
	3428
	3428
	899
	100
	21.95
	2.20
	23 / 28 / 34 / 45 / 59

	60
	3763
	3763
	816
	100
	32.02
	3.43
	28 / 33 / 38 / 51 / 63


Table 34 - Summary of 3.84Mcps PB3 results for FTP with max C/I scheduler

	 2 x #users per sector
	average centre cell throughput / kbps
	resource utilization %
	delay (sec)
	packet call rate CDF

	
	2 x cell t/put
	2 x OTA
	pkt call rate
	
	mean
	median
	<32k/64k/128k/384k/1M

	10
	832
	1691
	1008
	51
	2.92
	1.23
	0 / 1 / 8 / 28 / 60

	20
	1727
	2226
	1019
	79
	3.37
	1.51
	2 / 4 / 10 / 29 / 57

	30
	2309
	2375
	818
	97
	7.21
	2.07
	11 / 18 / 27 / 46 / 64

	40
	2696
	2704
	788
	100
	13.00
	2.90
	18 / 24 / 33 / 49 / 67

	50
	3119
	3119
	705
	100
	25.36
	3.69
	25 / 32 / 40 / 53 / 70

	60
	3359
	3359
	618
	100
	35.50
	6.96
	33 / 40 / 47 / 61 / 71


Figure 80 to Figure 84 present results using a Round robin scheduler in channel PB3.
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Figure 80 - PB3 : cell throughput / over the air throughput / resource utilisation FTP, Round robin scheduler
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Figure 81 - PB3 : mean packet call rate FTP, Round robin scheduler

[image: image85.emf]0 500 1000 1500 2000 2500 3000

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

packet call rate / kbps

cdf

Packet call CDF : 3.84 / 7.68 PB3, RR, ftp, cat 4 UE, 700sec

10 UEs 7.68Mcps    

20 UEs 7.68Mcps    

30 UEs 7.68Mcps    

40 UEs 7.68Mcps    

50 UEs 7.68Mcps    

60 UEs 7.68Mcps    

10 UEs 2 * 3.84Mcps

20 UEs 2 * 3.84Mcps

30 UEs 2 * 3.84Mcps

40 UEs 2 * 3.84Mcps

50 UEs 2 * 3.84Mcps

60 UEs 2 * 3.84Mcps


Figure 82 - PB3 : packet call rate CDFs FTP, Round robin scheduler
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Figure 83 - PB3 : mean and median packet delays FTP, Round robin scheduler
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Figure 84 - PB3 : MAC-hs failure rate FTP, Round robin scheduler
The PB3 results with the Round robin scheduler are summarized in Table 35 (7.68Mcps) and Table 36 (3.84Mcps).
Table 35 - Summary of 7.68Mcps PB3 results for FTP with max C/I scheduler

	#users per sector
	average centre cell throughput / kbps
	resource utilization %
	delay (sec)
	packet call rate CDF

	
	cell t/put
	OTA
	pkt call rate
	
	mean
	median
	<32k/64k/128k/384k/1M

	10
	865
	1510
	1218
	47
	1.52
	1.10
	2 / 2 / 2 / 8 / 41

	20
	1581
	1736
	556
	87
	4.06
	3.09
	3 / 4 / 12 / 45 / 87

	30
	1743
	1753
	183
	99
	10.78
	8.49
	14 / 26 / 49 / 95 / 100

	40
	1900
	1900
	106
	100
	15.05
	12.05
	25 / 43 / 75 / 100 / 100

	50
	1987
	1987
	73
	100
	20.03
	16.27
	36 / 62 / 97 / 100 / 100

	60
	1933
	1933
	51
	100
	26.24
	21.58
	56 / 82 / 100 / 100 / 100


Table 36 - Summary of 3.84Mcps PB3 results for FTP with max C/I scheduler

	 2 x #users per sector
	average centre cell throughput / kbps
	resource utilization %
	delay (sec)
	packet call rate CDF

	
	2 x cell t/put
	2 x OTA
	pkt call rate
	
	mean
	median
	<32k/64k/128k/384k/1M

	10
	903
	1807
	867
	54
	3.11
	1.78
	2 / 2 / 7 / 32 / 68

	20
	1426
	1754
	494
	83
	5.40
	3.98
	5 / 9 / 22 / 57 / 87

	30
	1723
	1777
	224
	97
	10.94
	7.99
	17 / 29 / 47 / 86 / 98

	40
	1894
	1895
	109
	100
	16.49
	13.01
	29 / 49 / 74 / 100 / 100

	50
	1948
	1948
	74
	100
	21.94
	17.44
	43 / 65 / 91 / 100 / 100

	60
	2000
	2000
	58
	100
	26.46
	21.81
	51 / 75 / 98 / 100 / 100


5.3.2.4.4 Vehicular A 30kmph

Results are presented for a max C/I scheduler and a Round robin scheduler.

Figure 85 to Figure 89 present results using a max C/I scheduler in channel VA30.
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Figure 85 - VA30 : cell throughput / over the air throughput / resource utilisation FTP, max C/I scheduler
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Figure 86 - VA30 : mean packet call rate FTP, max C/I scheduler
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Figure 87 - VA30 : packet call rate CDFs FTP, max C/I scheduler
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Figure 88 - VA30 : mean and median packet delays FTP, max C/I scheduler
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Figure 89 - VA30 : MAC-hs failure rate FTP, max C/I scheduler

The VA30 results with the max C/I scheduler are summarized in Table 37 (7.68Mcps) and Table 38 (3.84Mcps).
Table 37 - Summary of 7.68Mcps VA30 results for FTP with max C/I scheduler

	#users per sector
	average centre cell throughput / kbps
	resource utilization %
	delay (sec)
	packet call rate CDF

	
	cell t/put
	OTA
	pkt call rate
	
	mean
	median
	<32k/64k/128k/384k/1M

	10
	905
	1308
	1157
	58
	2.05
	1.05
	3 / 4 / 7 / 20 / 45

	20
	1668
	1760
	1095
	91
	4.70
	1.13
	6 / 9 / 14 / 28 / 45

	30
	2259
	2260
	1004
	100
	8.73
	1.23
	17 / 20 / 24 / 35 / 49

	40
	2514
	2514
	850
	100
	16.28
	2.09
	29 / 31 / 35 / 43 / 58

	50
	2954
	2954
	808
	100
	14.28
	2.52
	36 / 38 / 41 / 48 / 59

	60
	3232
	3232
	758
	100
	13.05
	3.85
	40 / 42 / 45 / 51 / 62


Table 38 - Summary of 3.84Mcps VA30 results for FTP with max C/I scheduler

	 2 x #users per sector
	average centre cell throughput / kbps
	resource utilization %
	delay (sec)
	packet call rate CDF

	
	2 x cell t/put
	2 x OTA
	pkt call rate
	
	mean
	median
	<32k/64k/128k/384k/1M

	10
	827
	1902
	1029
	45
	2.81
	0.92
	2 / 3 / 8 / 25 / 55

	20
	1577
	1885
	943
	84
	4.24
	1.67
	8 / 12 / 19 / 36 / 55

	30
	2056
	2084
	813
	99
	18.28
	1.77
	18 / 22 / 29 / 42 / 64

	40
	2470
	2487
	731
	99
	17.67
	3.34
	30 / 33 / 39 / 49 / 66

	50
	2838
	2838
	680
	100
	18.46
	3.10
	36 / 39 / 43 / 54 / 68

	60
	3118
	3118
	630
	100
	20.98
	4.91
	40 / 42 / 46 / 55 / 70


[image: image93.emf]0 10 20 30 40 50 60

0

500

1000

1500

2000

cell throughput per 10MHz bandwidth / kbps

cell tput / OTA : 3.84 / 7.68 VA30, RR, ftp, cat 4 UE, 700sec CT 7.68 Mcps     

CT 2 * 3.84 Mcps 

OTA 7.68 Mcps    

OTA 2 * 3.84 Mcps

COTA 7.68 Mcps   

COTA 2 * 3.84Mcps

0 10 20 30 40 50 60

0

50

100

Number of UEs per 10MHz bandwidth

RU%

RU 7.68Mcps

RU 3.84Mcps


Figure 90
 to Figure 94 present results using a Round robin scheduler in channel VA30.
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Figure 90 – VA30 : cell throughput / over the air throughput / resource utilisation FTP, Round robin scheduler
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Figure 91 – VA30 : mean packet call rate FTP, Round robin scheduler
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Figure 92 – VA30 : packet call rate CDFs FTP, Round robin scheduler
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Figure 93 – VA30 : mean and median packet delays FTP, Round robin scheduler
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Figure 94 - VA30 : MAC-hs failure rate FTP, Round robin scheduler
The VA30 results with the Round robin scheduler are summarized in Table 39 (7.68Mcps) and Table 40 (3.84Mcps).

Table 39 - Summary of 7.68Mcps VA30 results for FTP with Round robin scheduler

	#users per sector
	average centre cell throughput / kbps
	resource utilization %
	delay (sec)
	packet call rate CDF

	
	cell t/put
	OTA
	pkt call rate
	
	mean
	median
	<32k/64k/128k/384k/1M

	10
	835
	1264
	931
	57
	2.13
	1.55
	3 / 3 / 3 / 23 / 55

	20
	1495
	1614
	481
	89
	4.65
	3.44
	2 / 5 / 15 / 51 / 94

	30
	1861
	1862
	211
	100
	8.96
	6.56
	9 / 18 / 38 / 93 / 100

	40
	1887
	1887
	101
	100
	16.11
	12.67
	27 / 46 / 80 / 100 / 100

	50
	2043
	2043
	77
	100
	19.16
	15.49
	33 / 59 / 96 / 100 / 100

	60
	2001
	2001
	54
	100
	25.29
	20.68
	53 / 79 / 100 / 100 / 100


Table 40 - Summary of 3.84Mcps VA30 results for FTP with Round robin scheduler

	 2 x #users per sector
	average centre cell throughput / kbps
	resource utilization %
	delay (sec)
	packet call rate CDF

	
	2 x cell t/put
	2 x OTA
	pkt call rate
	
	mean
	median
	<32k/64k/128k/384k/1M

	10
	787
	1734
	782
	50
	3.09
	1.58
	2 / 3 / 8 / 38 / 68

	20
	1377
	1606
	383
	88
	7.40
	5.62
	9 / 16 / 31 / 65 / 94

	30
	1641
	1668
	170
	99
	13.46
	9.32
	22 / 37 / 56 / 93 / 100

	40
	1893
	1893
	109
	100
	16.53
	12.81
	30 / 48 / 72 / 100 / 100

	50
	1908
	1908
	75
	100
	22.57
	17.48
	41 / 61 / 90 / 100 / 100

	60
	2016
	2016
	58
	100
	26.60
	21.21
	51 / 74 / 99 / 100 / 100


5.3.2.4.5 Vehicular A 120kmph

Results are presented for a max C/I scheduler and a Round robin scheduler.

Figure 95 to Figure 98 present results using a max C/I scheduler in channel VA120.
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Figure 95 - VA120 : cell throughput / over the air throughput / resource utilisation FTP, max C/I scheduler
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Figure 96 - VA120 : mean packet call rate FTP, max C/I scheduler
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Figure 97 - VA120 : packet call rate CDFs FTP, max C/I scheduler
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Figure 98 - VA120 : mean and median packet delays FTP, max C/I scheduler

The VA120 results with the max C/I scheduler are summarized in Table 41 (7.68Mcps) and Table 42 (3.84Mcps).
Table 41 - Summary of 7.68Mcps VA120 results for FTP with max C/I scheduler

	#users per sector
	average centre cell throughput / kbps
	resource utilization %
	delay (sec)
	packet call rate CDF

	
	cell t/put
	OTA
	pkt call rate
	
	mean
	median
	<32k/64k/128k/384k/1M

	10
	912
	1365
	1235
	56
	1.94
	0.98
	4 / 4 / 7 / 20 / 43

	20
	1691
	1822
	1170
	88
	3.65
	1.05
	5 / 8 / 13 / 25 / 43

	30
	2314
	2317
	1079
	100
	11.21
	1.12
	15 / 18 / 23 / 34 / 48

	40
	2583
	2583
	922
	100
	20.36
	1.90
	26 / 29 / 32 / 42 / 56

	50
	3042
	3042
	875
	100
	15.36
	2.06
	33 / 36 / 39 / 46 / 57

	60
	3331
	3331
	829
	100
	12.03
	2.86
	38 / 40 / 43 / 49 / 59


Table 42 - Summary of 3.84Mcps VA120 results for FTP with max C/I scheduler

	 2 x #users per sector
	average centre cell throughput / kbps
	resource utilization %
	delay (sec)
	packet call rate CDF

	
	2 x cell t/put
	2 x OTA
	pkt call rate
	
	mean
	median
	<32k/64k/128k/384k/1M

	10
	836
	2017
	1105
	43
	2.58
	0.87
	2 / 3 / 7 / 25 / 53

	20
	1611
	1988
	1016
	82
	4.51
	1.52
	7 / 11 / 16 / 33 / 53

	30
	2124
	2174
	875
	98
	10.57
	1.81
	17 / 21 / 27 / 41 / 62

	40
	2556
	2577
	789
	99
	18.44
	3.25
	28 / 31 / 36 / 48 / 64

	50
	2940
	2940
	738
	100
	20.53
	2.96
	34 / 37 / 41 / 52 / 66

	60
	3225
	3225
	689
	100
	17.28
	3.87
	38 / 41 / 44 / 54 / 68
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Figure 90
 to Figure 102 present results using a Round robin scheduler in channel VA120.
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Figure 99 – VA120 : cell throughput / over the air throughput / resource utilisation FTP, Round robin scheduler
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Figure 100 – VA120 : mean packet call rate FTP, Round robin scheduler
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Figure 101 – VA120 : packet call rate CDFs FTP, Round robin scheduler
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Figure 102 – VA120 : mean and median packet delays FTP, Round robin scheduler

The VA120 results with the Round robin scheduler are summarized in Table 43 (7.68Mcps) and Table 44 (3.84Mcps).

Table 43 - Summary of 7.68Mcps VA120 results for FTP with Round robin scheduler

	#users per sector
	average centre cell throughput / kbps
	resource utilization %
	delay (sec)
	packet call rate CDF

	
	cell t/put
	OTA
	pkt call rate
	
	mean
	median
	<32k/64k/128k/384k/1M

	10
	859
	1346
	1006
	54
	1.93
	1.49
	2 / 2 / 2 / 17 / 53

	20
	1616
	1748
	575
	89
	3.87
	2.74
	1 / 3 / 10 / 40 / 88

	30
	1842
	1853
	211
	99
	8.97
	6.65
	10 / 19 / 37 / 93 / 100

	40
	2038
	2038
	121
	100
	13.82
	10.60
	20 / 36 / 66 / 100 / 100

	50
	2133
	2133
	84
	100
	18.15
	14.26
	29 / 53 / 92 / 100 / 100

	60
	2085
	2085
	59
	100
	23.83
	19.60
	48 / 75 / 100 / 100 / 100


Table 44 - Summary of 3.84Mcps VA120 results for FTP with Round robin scheduler

	 2 x #users per sector
	average centre cell throughput / kbps
	resource utilization %
	delay (sec)
	packet call rate CDF

	
	2 x cell t/put
	2 x OTA
	pkt call rate
	
	mean
	median
	<32k/64k/128k/384k/1M

	10
	881
	1653
	747
	59
	3.79
	2.16
	2 / 4 / 14 / 41 / 73

	20
	1484
	1734
	425
	87
	5.49
	3.85
	3 / 6 / 19 / 58 / 95

	30
	1721
	1740
	200
	99
	12.01
	8.06
	19 / 32 / 51 / 88 / 100

	40
	1930
	1930
	124
	100
	15.51
	12.49
	27 / 44 / 66 / 100 / 100

	50
	2108
	2108
	83
	100
	20.09
	15.84
	36 / 57 / 88 / 100 / 100

	60
	2124
	2124
	63
	100
	24.93
	18.99
	47 / 71 / 98 / 100 / 100


5.3.2.4.6 Mixed channel model

Mixed channel model results with the FTP traffic model are obtained with UEs being randomly assigned a channel with the probabilities specified in Table B.5.

Results are presented for a max C/I scheduler and a Round robin scheduler.

Figure 103 to Figure 107 present results using a max C/I scheduler with the mixed channel model.
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Figure 103- mixed channel model : cell throughput / over the air throughput / resource utilisation FTP, max C/I scheduler
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Figure 104 - mixed channel model : mean packet call rate FTP, max C/I scheduler
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Figure 105 – mixed channel model : packet call rate CDFs FTP, max C/I scheduler
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Figure 106 - mixed channel model : mean and median packet delays FTP, max C/I scheduler
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Figure 107 - mixed channel model : MAC-hs failure rate FTP, max C/I scheduler

The mixed channel model results with the max C/I scheduler are summarized in Table 21 (7.68Mcps) and Table 22 (3.84Mcps).

Table 45 - Summary of 7.68Mcps mixed channel model results for FTP with max C/I scheduler

	#users per sector
	average centre cell throughput / kbps
	resource utilization %
	delay (sec)
	packet call rate CDF

	
	cell t/put
	OTA
	pkt call rate
	
	mean
	median
	<32k/64k/128k/384k/1M

	10
	903
	1670
	1432
	43
	1.34
	0.89
	2 / 2 / 2 / 10 / 33

	20
	1765
	2015
	1277
	80
	2.18
	0.99
	2 / 3 / 6 / 21 / 41

	30
	2536
	2579
	1173
	96
	3.82
	1.18
	5 / 8 / 13 / 28 / 47

	40
	3035
	3035
	1073
	100
	10.94
	1.31
	13 / 17 / 23 / 36 / 50

	50
	3558
	3558
	948
	100
	17.71
	1.94
	20 / 24 / 30 / 41 / 57

	60
	3887
	3887
	871
	100
	22.44
	2.50
	27 / 31 / 36 / 47 / 60


Table 46 - Summary of 3.84Mcps mixed channel model results for FTP with max C/I scheduler

	 2 x #users per sector
	average centre cell throughput / kbps
	resource utilization %
	delay (sec)
	packet call rate CDF

	
	2 x cell t/put
	2 x OTA
	pkt call rate
	
	mean
	median
	<32k/64k/128k/384k/1M

	10
	871
	1793
	1066
	51
	2.57
	1.00
	1 / 2 / 6 / 26 / 54

	20
	1626
	1991
	987
	84
	4.08
	1.72
	6 / 9 / 17 / 35 / 55

	30
	2257
	2341
	841
	96
	6.97
	2.28
	11 / 18 / 25 / 42 / 65

	40
	2811
	2843
	835
	99
	10.97
	2.68
	17 / 23 / 31 / 45 / 62

	50
	3135
	3135
	714
	100
	21.48
	3.75
	26 / 32 / 40 / 52 / 69

	60
	3605
	3605
	695
	100
	26.35
	3.97
	31 / 37 / 43 / 55 / 70


Figure 108 to Figure 112 present results using a Round robin scheduler with the mixed channel model.
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Figure 108- mixed channel model : cell throughput / over the air throughput / resource utilisation FTP, Round robin scheduler
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Figure 109 - mixed channel model : mean packet call rate FTP, Round robin scheduler
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Figure 110 – mixed channel model : packet call rate CDFs FTP, Round robin scheduler
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Figure 111 - mixed channel model : mean and median packet delays FTP, Round robin scheduler
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Figure 112 - mixed channel model : MAC-hs failure rate FTP, Round robin scheduler

The MAC-hs failure rate is higher than the desired rate of 10-4. This rate is dominated by those UEs in channel PA3 and can be reduced by increasing the maximum number of MAC-hs retransmissions as described in [4].

The mixed channel model results with the Round robin scheduler are summarized in Table 47 (7.68Mcps) and Table 48 (3.84Mcps).

Table 47 - Summary of 7.68Mcps mixed channel model results for FTP with Round robin scheduler

	#users per sector
	average centre cell throughput / kbps
	resource utilization %
	delay (sec)
	packet call rate CDF

	
	cell t/put
	OTA
	pkt call rate
	
	mean
	median
	<32k/64k/128k/384k/1M

	10
	896
	1615
	1267
	44
	1.43
	1.07
	1 / 1 / 1 / 7 / 39

	20
	1650
	1822
	632
	85
	3.39
	2.47
	2 / 3 / 8 / 37 / 83

	30
	1891
	1902
	231
	99
	8.27
	6.37
	9 / 18 / 36 / 87 / 100

	40
	2088
	2088
	128
	100
	13.15
	10.42
	18 / 35 / 65 / 99 / 100

	50
	1982
	1982
	73
	100
	20.29
	17.07
	37 / 63 / 96 / 100 / 100

	60
	2034
	2034
	55
	100
	24.71
	21.16
	52 / 79 / 100 / 100 / 100


Table 48 - Summary of 3.84Mcps mixed channel model results for FTP with Round robin scheduler

	 2 x #users per sector
	average centre cell throughput / kbps
	resource utilization %
	delay (sec)
	packet call rate CDF

	
	2 x cell t/put
	2 x OTA
	pkt call rate
	
	mean
	median
	<32k/64k/128k/384k/1M

	10
	877
	1787
	850
	52
	2.88
	1.71
	1 / 2 / 5 / 35 / 66

	20
	1504
	1877
	507
	82
	5.04
	3.65
	3 / 7 / 18 / 54 / 87

	30
	1766
	1823
	208
	97
	11.74
	8.59
	20 / 35 / 54 / 89 / 98

	40
	1918
	1921
	128
	100
	15.21
	12.02
	25 / 42 / 65 / 99 / 100

	50
	2016
	2016
	79
	100
	21.42
	16.53
	41 / 60 / 87 / 100 / 100

	60
	2016
	2016
	60
	100
	26.36
	21.82
	51 / 73 / 97 / 100 / 100


5.3.2.5

Analysis of System Level Simulation Results
5.3.2.5.1
Higher Packet Call Rates at 7.68Mcps

The packet call rate at the reference configuration chip rate of 7.68Mcps is higher than that for 3.84Mcps in all the studied channel types. At 80 users per sector for 7.68Mcps and 80 users per two sectors for 3.84Mcps, the packet call rates observed with the HTTP / TCP traffic model and max C/I scheduler are given in Table 49. A similar comparison is made in Table 50 for the case of the FTP / TCP traffic model with 30 UEs per sector for 7.68Mcps and 30 UEs per two sectors for 3.84Mcps.

Table 49 - Packet call rate gains for 7.68Mcps wrt 3.84Mcps for the HTTP traffic model (80 UEs)

	channel
	7.68Mcps packet call rate / kbps
	3.84Mcps packet call rate / kbps
	packet call rate increase (%)

	AWGN
	432
	381
	13

	PA3
	323
	259
	25

	PB3
	348
	291
	20

	VA30
	330
	271
	22

	VA120
	334
	283
	18

	mixed
	349
	300
	16


Table 50 - Packet call rate gains for 7.68Mcps wrt 3.84Mcps for the FTP traffic model (30 UEs)

	channel
	7.68Mcps packet call rate / kbps
	3.84Mcps packet call rate / kbps
	packet call rate increase (%)

	AWGN
	1663
	1382
	20

	PA3
	984
	675
	46

	PB3
	1059
	818
	30

	VA30
	1004
	813
	23

	VA120
	1079
	875
	23

	mixed
	1173
	841
	40


There are three effects that lead to an increase in packet call rate at 7.68Mcps compared to 3.84Mcps :

· At 7.68Mcps, a UE is more likely to be scheduled resource when it has data to transmit than at 3.84Mcps (there is a greater “blocking probability” at the lower chip rate). This blocking probability naturally decreases the packet call rate (the packet call takes a longer time to complete when there are times at which the UE has data to transmit, but it is not scheduled to do so). A secondary effect of the increased blocking probability is that the rate of CQI reports from the UE decreases as the blocking probability increases (i.e. as the time between scheduling instants increases). This latter effect will reduce the packet call rate when the Node B attempts to track the fast fading profile of a channel. 

· The scheduler is able to allocate more physical resource to a category 4 7.68Mcps UE with QPSK than it can to a 3.84Mcps UE, due to the fundamental extra physical resource available at the higher chip rate (see below).

· Link level performance gains at 7.68Mcps (as seen most noticeably in channels PA3, VA30 and VA120) allow the scheduler to use a higher modulation and coding scheme at the higher chip rate.

Figure 113 shows the packet call rates and scheduler blocking probabilities for both the 7.68Mcps chip rate and the 3.84Mcps chip rate in the AWGN channel (this channel is not time-varying therefore effects related to CQI age are not exhibited in these results). The increased blocking probability witnessed at 3.84Mcps increases the time taken for a 3.84Mcps system to complete a packet call.
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Figure 113 - Packet call rate and blocking probability for the AWGN channel with a max C/I scheduler

The effect of the scheduler being able to allocate more physical resource at 7.68Mcps compared to 3.84Mcps is illustrated by the following example. A category 4 UE has a turbo capability of 24000 bits per TTI and a soft buffer capability of 105984 soft channel bits. The maximum number of soft channel bits that an 8 slot 16 code HSDPA TTI can support is 35328 bits at QPSK for 3.84Mcps and 70656 bits at 7.68Mcps. A UE that has a low C/I has to be scheduled with a low code rate (for example rate 1/3). The number of transport channel bits that can be transmitted for a 3.84Mcps UE at rate 1/3 QPSK is thus approximately min(35328,105984/2) / 3 = 11776 bits at 3.84Mcps and min(70656, 105984/2) / 3 = 17664 bits at 7.68Mcps. In this manner, for low QPSK code rates, the 7.68Mcps UE is able to transmit more data bits per TTI than a 3.84Mcps UE, thus the packet call rate for the higher chip rate UE is increased.

Note that the effect described in the above paragraph does not occur for 16QAM where the number of soft channel bits that the HSDPA TTI supports is greater than the soft buffer capability of the UE (per HARQ process) at both chip rates. The effect also does not occur for high QPSK code rates when the UE is turbo capability limited rather than soft buffer capability limited.

Note that a category 2 UE has a soft buffer capability of 52992 soft channel bits and the scheduler is thus restricted by the soft buffer UE capability for both chip rates [min(35328,52992/2) = 26496 soft channel bits at 3.84Mcps and min(70656,52992/2) = 26496 soft channel bits at 7.68Mcps].

Figure 114 shows the packet call rates for 3.84Mcps and 7.68Mcps in AWGN for category 2 UEs. With these low capability UEs, the scheduler is unable to allocate more resource to 7.68Mcps UEs than to 3.84Mcps UEs. A packet call rate gain is still seen for the 7.68Mcps system in comparison to the 3.84Mcps system. In this scenario, the higher packet call rate for 7.68Mcps UEs is due solely to the reduced scheduler blocking probability at the higher chip rate.  
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Figure 114 – Packet call rate for category 2 (1.2Mbps) HSDPA UEs with a max C/I scheduler in AWGN

In order to illustrate the packet call rate gains that are due solely to link level performance gains, it is possible to run the 3.84Mcps simulations using the 7.68Mcps link level performance curves (in this case, the effects of blocking probability and ability of the Node B to allocate more resource are removed from the simulation). Figure 115 shows packet call rate results using both 3.84Mcps and 7.68Mcps link level performance curves as inputs to the simulator : the simulator is run at the 3.84Mcps chiprate. These packet call rate results show a gain in packet call rate in channel PA3 that is solely due to the superior link level performance at 7.68Mcps. Note that there is only a very slight gain from use of the 7.68Mcps AWGN curves : this further illustrates that link level gains yield some system level packet call rate gains.
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Figure 115 - Packet call rate results using 3.84Mcps link level results and 7.68Mcps link level results as input to the 3.84Mcps system simulation
5.3.2.5.2 Higher Number of UEs supported at 7.68Mcps

When a Round robin scheduler is employed, the number of UEs that can be supported by a single 7.68Mcps system is generally greater than the number that can be supported by two 3.84Mcps systems operating in parallel (when compared at the same mean packet call rate). This effect is more pronounced when the systems are not heavily loaded. This effect may be seen in the mean packet call rate curves of section 5.3.2 and the packet call rate CDFs of section 5.3.2 (where more of the users achieve a higher packet call rate at any given total number of users, this is evident for both max C/I and Round robin schedulers).

When a Round robin scheduler is employed, as the load on the system increases, the mean packet call rate decreases due to the following effects :

· the blocking probability increases as the number of users increases (the packet call rates of high C/I UEs drop significantly as the Round robin scheduler starts to schedule lower C/I UEs during the packet calls of high C/I UEs). 

· the age of CQI reports that are used by the scheduler increases as the number of UEs increases (recall that the CQI is returned on the HS-SICH and as the number of users increases, the number of HS-SCCH / HS-SICH allocations to a UE will decrease). This effect is important for pedestrian channels where the Node B attempts to track the fast fading of the channel.

Since the blocking probability is higher at 3.84Mcps than at 7.68Mcps, higher packet calls rates are seen at the higher chip rate. Once the blocking probability for 3.84Mcps and 7.68Mcps converges (towards unity when there is a large number of UEs present in the sector), the packet call rates for 3.84Mcps and 7.68Mcps converge.

The increase in number of users supported at a given mean packet call rate for a Round robin scheduler with the HTTP / TCP traffic model is shown in Table 51. 

Table 51 – Number of UEs supported for a given packet call rate for Round robin scheduler and HTTP / TCP traffic model

	channel
	comparison packet call rate / kbps
	number of UEs in 1 7.68Mcps sector
	number of UEs in 2 3.84Mcps sectors
	increase in number of UEs (%)

	AWGN
	350
	148
	106
	40

	PA3
	200
	92
	60
	53

	PB3
	200
	103
	88
	17

	VA30
	200
	106
	79
	34

	VA120
	200
	109
	92
	19

	mixed
	200
	113
	90
	26


Note that the increase in number of UEs served at a given packet call rate is harder to quantify with the max C/I scheduler due to the “flatness” of the packet call rate curves with the max C/I scheduler (for the max C/I scheduler, the performance gain of 7.68Mcps is better seen by comparison of the packet call rate at a given number of UEs : section 5.3.2.4.1). 

5.3.2.5.3
Over the air throughput

The TTI-based over the air throughput for two parallel 3.84Mcps is typically greater than that for 7.68Mcps at low loading. The code-based over the air throughput for 7.68Mcps is generally greater than or equal to that for 3.84Mcps.

A high TTI-based over the air throughput is achieved when a high proportion of the code resource within a TTI is used : this situation arises more frequently for a 3.84Mcps system due to the lower overall code resource available in a 3.84Mcps system.

As an example, consider category 4 UEs that experience a C/I such that they can transmit 24000 bits at rate 2/3 QPSK. In a 3.84Mcps system, a single UE offering this load would occupy all of the code resource within a TTI. In a 7.68Mcps system, two of these UEs would need to simultaneously offer this load to achieve the same over the air throughput (recall that the over the air throughput for a single 7.68Mcps TDD system is compared to the combined throughput of two parallel 3.84Mcps systems). It is less likely that two UEs will simultaneously offer load than that a single UE will offer load.
The higher over the air throughput at 3.84Mcps is thus an artifact of the definition of the TTI-based over the air throughput and is actually an indication that there is less resource available at 3.84Mcps than at 7.68Mcps.

5.3.2.5.4 Higher Cell Throughput at 7.68Mcps

"The cell throughput of a 7.68Mcps cell is greater than the combined cell throughput of twin parallel 3.84 Mcps cells in channel types where 7.68Mcps exhibits a link level gain with respect to 3.84Mcps.”
The increased cell throughput is most evident when the system is heavily loaded (when the system is lightly loaded, the cell throughput is limited by the offered load).

Table 52 compares the cell throughputs exhibited by a single 7.68Mcps system to the combined cell throughput for two parallel 3.84Mcps systems. The comparison is performed with 160 UEs serviced by the single 7.68Mcps system and 160 UEs serviced by two parallel 3.84Mcps systems. Results are shown for the HTTP / TCP traffic model and max C/I scheduler. Similar results are shown for the FTP / TCP traffic model in Table 53 with 40 UEs serviced by the single 7.68Mcps system and 40 UEs serviced by two parallel 3.84Mcps systems (40 UEs is considered to be a reasonable number of UEs at which the system is not overloaded with the FTP / TCP traffic model).

Table 52 – Cell throughput gains for 7.68Mcps wrt 3.84Mcps for the HTTP / TCP traffic model (160 UEs)

	channel
	7.68Mcps cell throughput (1 sector) / kbps
	3.84Mcps cell throughput (2 sectors) / kbps
	Cell throughput increase (%)

	AWGN
	2118
	2125
	0

	PA3
	2080
	1926
	8

	PB3
	2054
	1965
	5

	VA30
	1863
	1815
	3

	VA120
	1936
	1803
	7

	mixed
	2079
	2035
	2


Table 53 – Cell throughput gains for 7.68Mcps wrt 3.84Mcps for the FTP traffic model (40UEs)

	channel
	7.68Mcps cell throughput (1 sector) / kbps
	3.84Mcps cell throughput (2 sectors) / kbps
	Cell throughput increase (%)

	AWGN
	3303
	3286
	1

	PA3
	3045
	2676
	14

	PB3
	2982
	2696
	11

	VA30
	2514
	2470
	2

	VA120
	2583
	2556
	1

	mixed
	3035
	2811
	8


There are several reasons for the increased cell throughput at the higher chip rate :

· 7.68Mcps exhibits link level performance gains in some channels. This effect is most noticeable in channel PA3 (where there is a link level gain of approximately 2dB at an operating point of 10% BLER and there is a significant cell throughput gain).

· There are more UEs in high C/I conditions per sector at 7.68Mcps than at 3.84Mcps.

· The Node B is able to transmit more HS-SCCH at 7.68Mcps than at 3.84Mcps. There are thus more UEs with recent CQI information at the higher chip rate. In channels where the scheduler attempts to follow the fast fading profile of the channel (pedestrian channels), transmissions may be performed with a higher AMC level (the CQI derating parameter has a lesser effect on newer CQI reports : see section 5.3.2.2). 

5.3.2.5.5 Lower Packet Delay at 7.68Mcps

Note that the packet delay results of sections 5.3.2.2 and 5.3.2.3 are mean packet delay results and refer to the delay between a packet arriving at the Node B and it being successfully received at the Node B. The packet delay thus includes the buffering delay at the Node B. The round trip time (which impacts TCP slow start performance) cannot be derived directly from the results of sections 5.3.2.2 and 5.3.2.3 (however, this round trip time is inherently modeled in the system simulator).

The mean packet delays with the max C/I scheduler and 120 UEs per sector at 7.68Mcps and 120 UEs per two sectors at 3.84Mcps with the HTTP TCP traffic model are shown in Table 54.

Table 54 – Mean delay for 7.68Mcps wrt 3.84Mcps for the HTTP TCP traffic model (120 UEs) with the max C/I scheduler

	channel
	7.68Mcps mean delay / seconds
	3.84Mcps mean delay / seconds
	mean delay increase of 7.68Mcps wrt 3.84Mcps (%)

	AWGN
	0.15
	0.24
	-38

	PA3
	0.17
	0.37
	-54

	PB3
	0.16
	0.25
	-36

	VA30
	0.20
	0.36
	-44

	VA120
	0.17
	0.34
	-50

	mixed
	0.16
	0.39
	-59


Table 55 shows a similar comparison for the FTP traffic model with 30 UEs per sector at 7.68Mcps and 30 UEs per two sectors at 3.84Mcps with the FTP TCP traffic model.

Table 55 – Mean delay for 7.68Mcps wrt 3.84Mcps for the FTP TCP traffic model (120 UEs) with the max C/I scheduler

	channel
	7.68Mcps mean delay / seconds
	3.84Mcps mean delay / seconds
	mean delay increase of 7.68Mcps wrt 3.84Mcps (%)

	AWGN
	1.67
	2.38
	-30

	PA3
	3.42
	7.78
	-56

	PB3
	4.79
	7.21
	-34

	VA30
	8.73
	18.28
	-52

	VA120
	11.21
	10.57
	6

	mixed
	3.82
	6.97
	-45


The mean TCP packet delay seen at 7.68Mcps is significantly less than at 3.84Mcps. This reduced packet delay occurs due to the same reasons that the packet call rate is higher at 7.68Mcps than it is at 3.84Mcps (see section 5.3.2.4.1), namely :

· reduced blocking probability at 7.68Mcps compared to 3.84Mcps

· ability to allocate more resource to UEs in some channel conditions per TTI at 7.68Mcps

· improved link level performance at 7.68Mcps compared to 3.84Mcps

5.3.2.5.6
Limited Packet Call Rate for HTTP / TCP Traffic Model

The maximum packet call rate that is seen for any channel model with the HTTP / TCP traffic model is of the order of 400 kbps. The packet call rate CDFs indicate that few users achieve a mean packet call rate of greater than 1Mbps.

This limited packet call rate is due to modeling of the TCP slow start algorithm. When small web pages are downloaded according to the HTTP / TCP slow start traffic model, a significant proportion of the packet call can be attributed to the round trip times associated with TCP packets being sent from the internet server to the Node B. A high packet call rate will only be seen when the “slow start period” is completed; this will only occur for packet calls containing large amounts of data (note that TCP slow start is also modeled for the FTP traffic, but the packet call rates seen with this traffic model are greater due to the larger packet sizes).

It is to be expected packet call rates will increase with time as round trip times within the internet reduce and the sizes of web pages increase.

5.3.2.5.7 Outage Criteria

No specific criterion is applied to define UEs as being in outage : the system simulator attempts to service all UEs that are attached the centre cell of the 19-cell hexagonal grid.

When the max C/I scheduler is used, the results of sections 5.3.2.2 and 5.3.2.3 can be interpreted to include an outage criterion by use of the packet call rate CDFs. Users with a packet call rate that is less than a desired minimum can be considered to be in outage; packet call rate and delay curves can then be scaled to account for this outage (when users are defined as being in outage, it is expected that the cell throughout will increase, but that this increase may be marginal with a max C/I scheduler).

Defining an outage criterion with the Round robin scheduler would increase the packet call rates and cell throughput results (the scheduler would schedule fewer low data rates users). The mean delay results would be decreased with an outage criterion applied.
5.3.2.5.8 MAC-hs Failure Rate in PA3

In channel PA3, the MAC-hs failure rate (the rate at which RLC retransmissions are required) is greater than the target rate of 10-4. The higher than expected MAC-hs failure rate is due to the deep fades that are experienced in PA3. The scheduler may schedule UEs in a fade for a variety of reasons :

· the scheduler implemented in the simulation will always attempt to schedule a UE (the max C/I scheduler will schedule UEs with the best CQI reports, but these best UEs may still be in fades).

· the channel may change from being “non-faded” to being in a fade in the time between the CQI report and the actual transmission to the UE.

The scheduler also always schedules transmissions at a coding rate of greater than or equal to 1/12 (i.e. the maximum repetition factor used in rate matching is 4). Thus if the CQI report from a UE indicates very poor C/I, the scheduler may schedule that UE with a code rate (1/12) that is greater than the channel can support; the scheduler assumes that HARQ retransmissions will eventually lead to correct reception of the relevant transport block.

In order to reduce the MAC-hs failure rate, the maximum number of retransmissions at the Node B may be increased. Figure 116 to Figure 119 present results using the max C/I scheduler with the HTTP traffic model when the maximum number of retransmissions is increased to 6 (i.e. an initial transmission and up to 5 retransmissions).
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Figure 116 - PA3 : cell throughput with 4 and 6 max retransmissions
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Figure 117 - PA3 : packet call rate with 4 and 6 max retransmissions
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Figure 118 - PA3 : packet delay with 4 and 6 max retrnasmissions
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Figure 119 - PA3 : MAC-hs failure rates with 4 and 6 max retransmissions
These results show that the cell throughput, packet call rate and packet delay are not affected to a statistically significant extent by increasing the maximum number of retransmissions (note that an RLC re transmission is a rare event even when a maximum of 4 retransmissions are employed). However, increasing the maximum number of MAC-hs retransmissions to 6 reduces the MAC-hs failure rate to the target rate of 10-4. Note that the MAC-hs failure rate at 7.68Mcps is slightly greater than that at 3.84Mcps. This is due to the steepness of the link level BLER curves at 7.68Mcps in relation to the 3.84Mcps curves (scheduling decisions are more “forgiving” at the lower chip rate due to the shallowness of the 3.84Mcps link level BLER curves).

These results illustrate that cell throughput, packet call rate and packet delay results are not significantly impacted when the maximum number of retransmissions is increased from 4 to 6, thus performance results obtained with 4 MAC-hs retransmissions may be used and it will be understood that the frequency of RLC retransmissions may be reduced simply by increasing the maximum number of MAC-hs retransmissions.

The MAC-hs failure rate results in the mixed channel model for FTP / TCP traffic and a max C/I scheduler are of interest (section 5.3.2.4.6). These results show a reduction of MAC-hs failure rate as the number of UEs increase. This result is due to the max C/I scheduler scheduling AWGN users in preference to PA3 users when there is a large population of users to schedule (the max C/I scheduler naturally does this since it prioritises scheduling of users that can transmit at a high AMC in preference to those in a low AMC : AWGN UEs are more likely to support a high modulation and channel coding rate than PA3 UEs). As expected, the Round robin scheduler does not show a decrease in MAC-hs failure rate with the mixed channel model : the scheduler is unable to schedule AWGN users in preference to PA3 users.

<<<<<<< END OF TEXT PROPOSAL >>>>>>>>>>>>>>>
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