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1 Introduction

The DL channel quality reporting through explicit uplink signaling has been deemed important for scheduling and MCS selection [3]-[7]. The uplink signalling for HSDPA includes an n-bit channel quality indicator. The reporting interval of the channel quality indicator to the Node B is T msec, where T is a UTRAN parameter [2].  A large value of T will reduce the channel quality indication overhead. However, the slower rate channel quality indication may also result in large errors in channel quality estimates at the Node-B. Since the channel quality indication is used in scheduling and MCS selection, the outdated estimates may result in system performance degradation. In order to improve the accuracy of channel quality estimates, a small value of T (e.g. 2.0ms or every TTI) will be needed. However, the CQ indication at this fast rate results in larger overhead thus impacting the overall uplink capacity. 

In the downlink, the total HS-DSCH capacity is shared by a large number of UEs. Due to bursty nature of the data traffic, the UEs are active only a fraction of the time. Therefore, an increased rate of CQ indication during the time of data transmission for a given UE will not result in any significant increase of overhead.  However, the fast CQ indication rate during HS-DSCH transmission to a user will result in better channel quality estimates that will be used for appropriate selection of transport format for new transmissions and retransmissions. Note that due to bursty nature of the traffic, when a transmission is performed to a UE, it is likely that more transmissions or HARQ retransmissions will occur to the same UE within a short period of time. The increased CQ indication rate during transmission also helps in estimating the quality of the previous transmissions. These estimates can be used for transport format (modulation, number of codes, etc.) selection for retransmissions for the corresponding previous transmissions.

In this paper, we discuss a variable rate channel quality indication scheme where the indication rate is increased when a UE detects a transmission for it on the HS-DSCH. We also provide simulation results comparing the performance of variable rate scheme with fixed rate schemes.

2 Variable rate channel quality indication

In the variable rate channel quality indication scheme, the indication rate can be set to a lower value (e.g. once every 100ms) when a HS-DPCCH is allocated while there is no data transmission on HS-DSCH. However, any time a data transmission occurs for a UE on HS-DSCH, the channel quality indication rate is increased to e.g. once every TTI (2.0ms). This increased channel quality indication rate during data transmission helps the base station to estimate the quality of the current transmission. The estimate about the quality of the transmission can be used to determine the amount of redundancy/repetition to be included in the retransmission if needed.

An example of variable rate channel quality indication is shown in Figure 1.  Note that when there is no data transmission on the HS-DSCH, the channel quality indication is sent at a slower rate of once every T ms, where T is a UTRAN parameter. In addition to these periodic indications, the UE also sends a channel quality indication when it detects a transmission to it on the HS-DSCH. Thus, in this example, the transport format for the retransmission for data block A (RTX A) can be based on the most recent channel quality indication (i.e. m) and the channel quality estimates k and l that in turn provide an estimate of the quality of the previous transmission of data block A (NTX A).
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Figure 1 An example of variable rate channel quality indication

3 Simulation Results

Simulation results presented here use asynchronous, adaptive incremental redundancy (A2IR) with a TTI of 2ms. Adaptivity is provided by varying the number of codes assigned to a user at the time of retransmission. A description of the data rates, modulation and coding schemes, as well as MCS selection methodology are provided in Appendix A. Other simulation assumptions and the traffic model are in Appendix B. The notion of aggressiveness in MCS selection is explained in Appendix C. All results provided in this document use an aggressive factor of [3, 3, 3, 0].

3.1 Performance at 3Km/h

First, we show in Figure 2 the degradation in performance for the fixed rate scheme as a function of indication rate with 56 UEs. The indication rates considered are once every TTI (2ms), 4 TTIs (8ms), 10 TTIs (20ms), 25 TTIs (50ms) and 50 TTIs (100ms). Clearly, an indication every TTI corresponds to the optimum scenario, and will serve as the benchmark. We see that there is little or no loss in performance as long as the indication rate is greater than or equal to once every 10 TTIs (20ms). This is not surprising because at 3Km/h, the coherence time for the channel is approximately 22.5ms. However for indication rates less than or equal to once every 25 TTIs, we notice a non-negligible degradation in performance. The throughput performance is summarized in Table 1.

[image: image2.emf]0

10

20

30

40

50

60

70

80

90

100

0 500 1000 1500 2000 2500 3000

Packet call throughput (kbps)

CDF (%)

1 TTI

4 TTI

10 TTI

25 TTI

50 TTI


Figure 2 Packet call throughput CDFs for the fixed rate scheme with 56 UEs at 3Km/h, as a function of indication rate.

Table 1 Throughput metrics for the fixed rate scheme with 56 UEs at 3Km/h, as a function of indication rate.

Channel quality indication rate
Packet Call Throughput

[Kb/s]
OTA

[Kb/s]
Service Throughput

[Kb/s]
Utilization
Average number of transmissions per success
Loss in packet call throughput compared to optimum (%)

Once every TTI
1259.2
2339.1
2001.4
0.855
2.333
----

Once every 4 TTIs
1277.7
2364.0
2021.4
0.855
2.342
-1.469

Once every 10 TTIs
1248.6
2323.0
1997.3
0.860
2.403
0.842

Once every 25 TTIs
1156.1
2261.1
2004.1
0.887
2.587
8.188

Once every 50 TTIs
1098.0
2085.3
1905.2
0.914
2.767
12.802

Next, in Figure 3 we show the degradation in performance for the proposed variable rate scheme as a function of indication rate with 56 UEs. In the sequel, for the variable rate scheme, the indication rate refers to the indication rate when there is no data transmission on the HS-DSCH. The indication rates considered are once every TTI, 4 TTIs, 10 TTIs, 25 TTIs and 50 TTIs. Clearly, an indication every TTI corresponds to the optimum scenario, and will serve as the benchmark. Unlike the fixed rate scheme, we see that there is little or no loss in performance as long as the indication rate is greater than or equal to once every 25 TTIs. Furthermore, when the indication rate is lowered to 50 TTIs, the degradation in performance is “less” than that for the corresponding fixed rate scheme. The throughput performance is summarized in Table 2.
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Figure 3 Packet call throughput CDFs for the proposed variable rate scheme with 56 UEs at 3Km/h, as a function of indication rate.

Table 2 Throughput metrics for the proposed variable rate scheme with 56 UEs at 3Km/h, as a function of indication rate.

Channel quality indication rate
Packet Call Throughput

[Kb/s]
OTA

[Kb/s]
Service Throughput

[Kb/s]
Utilization
Average number of transmissions per success
Loss in packet call throughput compared to optimum (%)

Once every TTI
1259.2
2339.1
2001.4
0.855
2.333
----

Once every 4 TTIs
1267.5
2350.2
2008.5
0.855
2.335
-0.659

Once every 10 TTIs
1244.5
2333.3
1994.9
0.855
2.361
1.167

Once every 25 TTIs
1252.6
2340.9
1998.3
0.854
2.380
0.524

Once every 50 TTIs
1206.1
2293.8
1989.7
0.868
2.412
4.217

Finally, we consider the loss in system capacity due to the fixed rate scheme by comparing the packet call throughput CDF for the fixed rate scheme with the proposed variable rate scheme. We consider only two cases here: in the first one, the indication rate is set to once every 25 TTIs (50ms), and in the second one the indication rate is set to once every 50 TTIs (100ms). Of course, Figure 2 and Figure 3 suggest that for indication rates greater or equal to once every 10 TTIs, the performance of the two schemes should be similar. 

When the indication rate is once every 25 TTIs, we see that the CDF of the variable rate scheme with 65 UEs is slightly better than that of the fixed rate scheme with 56 UEs (Figure 4). Thus the fixed rate scheme results in a loss of 14%. If the indication rate is lowered to once every 50 TTIs, we see that the CDF of the variable rate scheme with 70 UEs is slightly better than that of the fixed rate scheme with 56 UEs (Figure 5). Thus, in this case, the fixed rate scheme results in a loss of at least 20%.
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Figure 4 Comparison of packet call throughput CDFs for the fixed rate and variable rate schemes with 56 UEs and 65 UEs, respectively, at 3Km/h. The indication rate is once every 25 TTIs.
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Figure 5 Comparison of packet call throughput CDFs for the fixed rate and variable rate schemes with 56 UEs and 70 UEs, respectively, at 3Km/h. The indication rate is once every 50 TTIs.

Table 3 Throughput metrics for the proposed variable rate scheme for the cases considered in Figure 4 and Figure 5.

Number of UEs, and indication rate
Packet Call Throughput

[Kb/s]
OTA

[Kb/s]
Service Throughput

[Kb/s]
Utilization
Average number of transmissions per success

65 UEs, once every 25 TTIs
1205.4
2532.9
2311.5
0.913
2.324

70 UEs, once every 50 TTIs
1144.5
2588.8
2433.2
0.940
2.318

3.2 Performance at 30Km/h

First, we illustrate in Figure 6 the degradation in performance for the fixed rate scheme as a function of indication rate with 37 UEs. The indication rates considered are once every TTI (2ms), 4 TTIs (8ms), 10 TTIs (20ms), 25 TTIs (50ms) and 50 TTIs (100ms). Clearly, an indication every TTI corresponds to the optimum scenario, and will serve as the benchmark. In contrast with the results at 3Km/h, we see a non-negligible loss in performance here for all indication rates less than once every TTI. Once again, this is not surprising because at 30Km/h the coherence time for the channel is approximately 2.25ms. The throughput performance is summarized in Table 4.
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Figure 6 Packet call throughput CDFs for the fixed rate scheme with 37 UEs at 30Km/h, as a function of indication rate.

Table 4 Throughput metrics for the fixed rate scheme with 37 UEs at 30Km/h, as a function of indication rate.

Channel quality indication rate
Packet Call Throughput

[Kb/s]
OTA

[Kb/s]
Service Throughput

[Kb/s]
Utilization
Average number of transmissions per success
Loss in packet call throughput compared to optimum (%)

Once every TTI
1260.5
1903.1
1306.9
0.690
2.760
----

Once every 4 TTIs
1180.3
1777.0
1325.3
0.751
3.270
6.363

Once every 10 TTIs
1156.2
1686.0
1292.4
0.772
3.155
8.274

Once every 25 TTIs
1157.6
1653.5
1292.9
0.784
3.0
8.163

Once every 50 TTIs
1153.7
1664.9
1287.2
0.777
2.860
8.473

Next, in Figure 7 we show the degradation in performance for the proposed variable rate scheme as a function of indication rate with 37 UEs. The indication rates considered are once every TTI (2ms), 4 TTIs (8ms), 10 TTIs (20ms), 25 TTIs (50ms) and 50 TTIs (100ms). Clearly, an indication every TTI corresponds to the optimum scenario, and will serve as the benchmark. Unlike the fixed rate scheme, we see in Figure 7 that there is a negligible loss in performance for all the indication rates when compared to the optimum scenario. The throughput performance is summarized in Table 5.
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Figure 7 Packet call throughput CDFs for the proposed variable rate scheme with 56 UEs at 30Km/h, as a function of indication rate.

Table 5 Throughput metrics for the proposed variable rate scheme with 56 UEs at 30Km/h, as a function of indication rate.

Channel quality indication rate
Packet Call Throughput

[Kb/s]
OTA

[Kb/s]
Service Throughput

[Kb/s]
Utilization
Average number of transmissions per success
Loss in packet call throughput compared to optimum (%)

Once every TTI
1260.5
1903.1
1306.9
0.690
2.760
----

Once every 4 TTIs
1256.4
1903.5
1321.3
0.698
2.774
0.325

Once every 10 TTIs
1254.4
1922.5
1324.7
0.692
2.711
0.484

Once every 25 TTIs
1226.2
1900.6
1295.6
0.684
2.687
2.721

Once every 50 TTIs
1246.3
1933.1
1316.7
0.686
2.672
1.127

Finally, we consider the loss in system capacity due to the fixed rate scheme by comparing the packet call throughput CDF for the fixed rate scheme with the proposed variable rate scheme. We consider only two cases here: in the first one, the indication rate is set to once every 25 TTIs, and in the second one the indication rate is set to once every 50 TTIs. It is not surprising that in both these cases, the loss in system capacity due to the fixed rate scheme is approximately the same. In fact from Figure 6 and Figure 7 we can conclude that the loss in system capacity due to the fixed rate scheme is approximately the same for all indication rates less than or equal to 4. 

When the indication rate is once every 25 TTIs, we see that the CDF of the variable rate scheme with 45 UEs is slightly matches that of the fixed rate scheme with 37 UEs (Figure 8), representing a loss of approximately 18%. If the indication rate is lowered to once every 50 TTIs, we see that the CDF of the variable rate scheme with 45 UEs matches that of the fixed rate scheme with 45 UEs (Figure 9), once again representing a loss of approximately 18%.
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Figure 8 Comparison of packet call throughput CDFs for the fixed rate and variable rate schemes with 37 UEs and 45 UEs, respectively, at 30Km/h. The indication rate is once every 25 TTIs.
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Figure 9 Comparison of packet call throughput CDFs for the fixed rate and variable rate schemes with 37 UEs and 45 UEs, respectively, at 30Km/h. The indication rate is once every 50 TTIs.

Table 6 Throughput metrics for the proposed variable rate scheme for the cases considered in Figure 8 and Figure 9.

Number of UEs, and indication rate
Packet Call Throughput

[Kb/s]
OTA

[Kb/s]
Service Throughput

[Kb/s]
Utilization
Average number of transmissions per success

45 UEs, once every 25 TTIs
1172.3
1994.9
1587.4
0.799
2.732

45 UEs, once every 50 TTIs
1175.5
2008.1
1614.0
0.806
2.715

3.3 Summary of results

In the tables below we summarize the performance of the fixed rate channel quality indication scheme and the proposed variable rate channel quality indication scheme.

Table 7 Comparison at 3 Km/h

Indication rate
Number of UEs supported for the same quality of service (packet call throughput CDF)
Service Throughput

[Kb/s]
Gain
(Number of UEs, Service Throughput)

[%]


Fixed rate indication scheme
Variable rate indication scheme
Fixed rate indication scheme
Variable rate indication scheme


Once every 25 TTIs
56
65
2004.1
2311.5
(16, 15)

Once every 50 TTIs
56
70
1905.2
2433.2
(25, 28)

Table 8 Comparison at 30 Km/h

Indication rate
Number of UEs supported for the same quality of service (packet call throughput CDF)
Service Throughput

[Kb/s]
Gain
(Number of UEs, Service Throughput)

[%]


Fixed rate indication scheme
Variable rate indication scheme
Fixed rate indication scheme
Variable rate indication scheme


Once every 25 TTIs
37
45
1292.9
1587.4
(22, 23)

Once every 50 TTIs
37
45
1287.2
1614.0
(22, 25)

4 Overhead and Complexity

4.1 Variable CQI Overhead

The overhead estimates for the fixed rate and variable rate channel quality indication are given in Table 9. We represent the overhead due to channel quality indication (CQI) every TTI as S.  We further assume that there are 50 UEs with active HS-DPCCHs (i.e. UEs waiting for HS-DSCH transmission) and the average number of code multiplexed UEs within a TTI is 2. It can be seen that the overhead for the variable rate scheme are only slightly higher than the fixed rate scheme. For example, with CQI every 20ms, the overhead for the fixed rate and variable rate schemes is respectively 10% and 14% of the optimum scheme with indication rate every TTI. However, as we have seen the variable rate scheme gives a performance very close to the optimum scheme.

Table 9 Overhead Estimates of variable rate channel quality indication scheme

Fixed Indication rate

[Every x TTI]
Slow fixed rate CQI overhead


Variable rate CQI overhead

1 (2ms)
S
S

4 (8ms)
0.25S
0.29S

10 (20ms)
0.10S
0.14S

25 (50ms)
0.04S
0.08S

50 (100ms)
0.02S
0.06S

We remark here that in Section 2 we compared the two schemes at points where the indication rate is the same. For example, in Figure 5, both the schemes have an indication rate of once every 50 TTIs. Although the indication rate for the variable rate scheme is the same as that of the fixed rate scheme when no data is being transmitted to the UE, the overall CQI overhead for the variable rate scheme is higher than that of the fixed rate scheme at this point of comparison (see Table 9). But the gains of the proposed variable rate scheme remain almost unchanged even if the comparison is made at points where both schemes incur approximately the same CQI overhead. For example, in Figure 10 we compare the CDFs of the two schemes when the fixed rate scheme has an indication rate of once every 25 TTIs, and the variable rate scheme has an indication rate of once every 50 TTIs. The UE speed is 3 Km/h. We see in the figure that the packet call throughput CDF for the variable rate scheme with 65 UEs (and an indication rate of once every 50 TTIs) matches the corresponding CDF for the fixed rate scheme with 56 UEs (and an indication rate of once every 25 TTIs). Thus, the variable rate scheme still results in a gain of approximately 16%.  

[image: image10.emf]0

10

20

30

40

50

60

70

80

90

100

0 500 1000 1500 2000 2500 3000

Packet call throughput (kbps)

CDF (%)

Fixed rate: 56 UEs

Variable rate: 56 UEs

Variable rate: 65 UEs


Figure 10 Comparison of packet call throughput CDFs for the fixed rate and variable rate schemes when the indication rate is once every 25 TTIs and once every 50 TTIs, respectively. The UE speed is 3 Km/h. 

4.2 Complexity considerations

The variable rate channel quality indication scheme is as simple as a fixed rate scheme. In the fixed rate scheme, the Node-B knows the timing of the channel quality indication (i.e. the parameter T configured through higher layer signaling). In variable rate channel quality indication, the Node-B has knowledge of the channel quality indication timing from the timing of the DL transmission on HS-DSCH. Note that when a UE detects a transmission on HS-DSCH through HI and SHCCH, it will send back a channel quality report after a fixed processing time. It can further be noted that the channel quality indication for a transmission on HS-DSCH can be sent much earlier than the ACK/NACK for the corresponding transmission. This is due to the fact that the processing time for channel quality estimation is much smaller than the processing and decoding of data transmission on HS-DSCH. 

5 Conclusions

The DL channel quality indication through explicit uplink signaling is important for scheduling and transport format selection in HSDPA. In this paper, we presented a variable rate channel quality indication scheme where the channel quality indication rate is faster when a UE is receiving an HS-DSCH transmission and the indication rate is slower when there is no HS-DSCH transmission for a UE. With this approach, the channel quality indication overhead can be significantly reduced while still having performance close to a scheme where the channel quality indication is done every TTI. Therefore, we recommend that this channel quality indication scheme be reflected in TR 25.858 and TS 25.308.
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Appendix A: A2IR Data Rates, MCS Selection and Simulation Assumptions

The A2IR system design is based on the rate table shown in Table 10. All results are for adaptive, asynchronous incremental redundancy (A2IR) using a TTI of 2ms (3 slots). 

Table 10: Data Rate and MCS table. TTI is fixed at 3-slots or 2 ms. Channelisation codes are of SF=16.  The cells marked “X” correspond to non self-decodable transmissions and may be used only for retransmission.

Number of Codes
Modulation and Coding Schemes


1280 bits code block
2560 bits code block
3840 bits code block
5120 bits code block
7680 bits code block
11520 bits code block
15360 bits code block
23040 bits code block


640 Kbps
1280 Kbps
1920 Kbps
2560 Kbps
3840 Kbps
5760 Kbps
7680 Kbps
11520 Kbps 

10
QPSK, 0.13
QPSK, 0.27
QPSK, 0.4
QPSK, 0.53
QPSK, 0.8
8PSK, 0.8
16QAM, 0.8
64QAM,0.8

8
QPSK, 0.17
QPSK, 0.33
QPSK, 0.5
QPSK, 0.67
8PSK, 0.67
16QAM, 0.75
64QAM, 0.67
X

6
QPSK, 0.22
QPSK, 0.44
QPSK, 0.67
16QAM, 0.44
16QAM, 0.67
64QAM, 0.67
X
X

4
QPSK, 0.33
QPSK, 0.67
8PSK, 0.67
16QAM, 0.67
64QAM, 0.67
X
X
X

2
QPSK, 0.67
16QAM, 0.67
64QAM, 0.67
X
X
X
X
X

Data rate and MCS selection from the rate table may be performed in multiple ways. These are

a) C/I Based Selection: Based on the number of codes available and the data backlog, the best MCS that can be supported is selected. User’s backlog may be rounded up to the nearest code block size via padding or data may be segmented. 

b) Code Block Based Selection: The code block size is first selected to match the backlog, always rounding up to the nearest code block size. If the data backlog exceeds the largest code block size, then the largest code block size is selected and the data is segmented accordingly. The number of codes available determines the row below which selection in the rate table is possible. For example, if code block size of 5120 bits is selected and there are 8-codes available, then rows 2-4 in the rate table may be selected. (Note that Row 5 is disallowed except for retransmission with A2IR). If a suitable MCS cannot be found in that column, then the next lower code block size is searched in a similar fashion. This continues until the appropriate code block and MCS are picked. 

For A2IR scheme, MCS and number of codes may be selected both for first transmission as well as retransmission. The first transmission of code blocks is always self-decodable, but retransmissions are not necessarily self-decodable.  If a retransmission corresponds to one of the entries marked “X” in the rate table, then the retransmission is not self-decodable. For such retransmissions, only QPSK modulation is used and the code rate is selected appropriately. The notion of aggressive factors in the selection of MCS was introduced in [8] and is repeated in Appendix B for convenience. 

The throughput metrics used viz. Over-The-Air (OTA) Throughput, Service Throughput and Packet Call Throughput are as defined in the TR (see [2]). In addition, the cumulative distribution function (CDF) of the UE packet call throughput is also provided as a measure of quality of service.

As used in [2], the following assumptions are made (other assumptions from TR are listed in the Appendix of this document). 

· 30% power used by overhead channels

· Single path Rayleigh fading with 3km/hr and 30 km/hr speeds.

· Fractional Recovered Power (FRP) is 0.98

The following additional assumptions are made in obtaining the simulation results:

· No limit on maximum number of retries.

· Fast cell selection is not considered.

· Results do not count padding into the throughput (i.e. only information bits count towards throughput).

· Channel quality measurement and ACK/NACK indication are error-free.

· The channel quality indication delay is assumed to be 6 slots and the ACK/NACK delay is assumed to be 3 slots.

· Maximum C/I scheduler is used.

The adaptive scheme uses link quality indication valid during previous transmissions of a data block to obtain an estimate of the aggregated energy for that data block at the receiver. That information is used in conjunction with the most recent link quality indication to determine the MCS and number of codes for retransmission. This adaptive scheme attempts to pick the MCS and number of codes to fulfill the residual energy required for the data block to be successful with high probability. For example, for a given MCS, suppose we need Eb/No of 1 (= 0 dB) for successful decoding. If Eb/No from earlier transmissions is 9/10, then we need only 1/10 (= -10 dB) more. The MCS and number of codes for retransmission can be selected to provide just the required energy (= -10 dB) under the current channel conditions. Simulations results are presented that compare the cases where multiple simultaneous transmissions to a UE are allowed (i.e. no restriction) and the one where multiple simultaneous transmissions to a UE are disallowed (i.e. restriction). Wherever possible, capacity gains are quantified by matching the UE packet call throughput CDFs especially in the lower throughput region (< 500 Kbps). 

7 Annex: Simulation parameters

The system level simulation parameters are listed in Table 11 below.

Table 11  Basic system level simulation assumptions.
Parameter
Explanation/Assumption
Comments

Cellular layout
Hexagonal grid, 3-sector sites
Provide your cell layout picture

Site to Site distance
2800 m


Antenna pattern
As proposed in [2]
Only horizontal pattern specified

Propagation model
L = 128.1 + 37.6 Log10(R)
R in kilometers

CPICH power
-10 dB


Other common channels
- 10 dB


Power allocated to HSDPA transmission, including associated signaling
Max. 70 % of total cell power


Slow fading
As modeled in UMTS 30.03, B 1.4.1.4


Std. deviation of slow fading
8 dB


Correlation between sectors
1.0


Correlation between sites
0.5


Correlation distance of slow fading
50 m


Carrier frequency
2000 MHz


BS antenna gain
14 dB


UE antenna gain
0 dBi


UE noise figure
9 dB


Max. # of retransmissions
Specify the value used
Retransmissions by fast HARQ


Fast HARQ scheme
Adaptive IR


BS total Tx power
Up to 44 dBm


Active set size
3
Maximum size

Frame duration
2.0 ms


Scheduling
Max C/I


Specify Fast Fading model
Jakes spectrum
Generated e.g. by Jakes or Filter approach 

The fundamentals of the data-traffic model are captured in Table 12 below.

Table 12 Data-traffic model parameters

Process
Random Variable
Parameters

Packet Calls Size
Pareto with cutoff
Α=1.1, k=4.5 Kbytes, m=2 Mbytes, μ = 25 Kbytes

Time Between Packet Calls
Geometric
μ = 5 seconds

Packet Size
Segmented based on MTU size
(e.g. 1500 octets)

Packets per Packet Call
Deterministic
Based on Packet Call Size and Packet MTU

Packet Inter-arrival Time

 (open- loop)
Geometric
μ = MTU size /peak link speed 

(e.g. [1500 octets * 8] /2 Mb/s = 6 ms)

Packet Inter-arrival Time

 (closed-loop)
Deterministic
TCP/IP Slow Start 

(Fixed Network Delay of 100 ms)

Appendix C: Notion of Aggressiveness in MCS Selection

The aggressive factor [w x y z] indicates w dB aggressiveness for QPSK, x dB for 8-PSK, y dB for 16-QAM and z dB for 64QAM. As an example, assume 7680 bits code block has been selected and w = 6, x = 3, y = 2 and z = 0. If a, b, c, d and e represent the SNR required to maintain 1% BLER for MCS 1 (QPSK, 0.16), 2 (QPSK, 0.48), 3 (QPSK, 0.8), 4 (8PSK, 0.8) and 5 (64QAM, 0.8), respectively, the SNR is partitioned into five regions: (-(,b-w], (b-w, c-w], (c-w, d-x], (d-x, e-z] and (e-z,(). These regions correspond to the SNR ranges where the MCS 1, 2, 3, 4 and 5 will be chosen respectively.
[image: image11.emf] 
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Figure 11 An Illustration of MCS selection with [6 3 2 0] aggressiveness
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