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1. Introduction

In the RAN1#46 meeting in Tallinn, 12 sub-carriers during one 0.5-msec sub-frame was decided as the physical resource block (RB) size. However, according to the decision on the transmission time interval (TTI) length of 1 msec, the necessity of a single RB allocation was assumed to be for further study. Therefore, this paper investigates the necessity of the single RB allocation from the viewpoint of efficient usage of radio resources for transmission of small payloads such as VoIP packets, both for the downlink and uplink.

2. Necessity of Single RB Allocation
2.1. Simulation Method

We compared the required radio resources for transmitting VoIP packets for the case with and without the restriction in RB assignment. Thus, when we restrict the RB assignment, we assumed that two consecutive RBs in time are always simultaneously assigned. This corresponds to the RB size of 12 sub-carriers during two 0.5-msec sub-frame. 
In the evaluation of downlink, we assume that two OFDM symbols are used for the common reference signal and L1/L2 control signaling for every sub-frame, i.e., four OFDM symbols per 1-msec TTI. Similarly, in the uplink, we assumed that one long block is used for the L1/L2 control signaling for every sub-frame, i.e., two long blocks per 1-msec TTI.Table 1 lists the simulation parameters. The simulation parameters are based on agreed assumption in [1]. We assume 10-MHz system bandwidth. Inter site distance (ISD) is set to 500 m and penetration loss is 20 dB (corresponds to Case 1 in [1]). Assuming 7.95 and 12.2 kbps AMR codecs with a 3-byte robust header compression (ROHC) header and 2-byte CRC, we assume the size of the VoIP packet as 200 and 296 bits, respectively [2]. Tables 2 and 3 show the used modulation and coding rate schemes (MCS) for downlink and uplink evaluations, respectively, and required number of RBs for transmitting 200- and 296-bit VoIP packets for each MCS, 
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. Here, RB0.5 is defined as 12 sub-carriers during one 0.5-msec sub-frame. RB1.0 is defined as 12 sub-carriers during two 0.5-msec sub-frames.
The shared data channel transmission scheme in the downlink and uplink are illustrated in Figs. 1 and 2, respectively. We used diversity transmission both for the downlink and uplink. In the downlink, we used RB-level distributed transmission with 2-block division [3]. Furthermore, during a 20-msec VoIP packet arrival interval, one automatic re-transmission is conducted to achieve time-diversity [4]. Thus, the scheduler allocates a downlink shared data channel every 10-msec to a user equipment (UE)transmitting VoIP packets. Meanwhile, in the uplink, we used localized transmission with inter-sub-frame frequency hopping. Inter-sub-frame frequency hopping is applied only for RB1.0. Additionally, similar to the downlink, during a 20-msec VoIP packet arrival interval, one automatic re-transmission is conducted to achieve time diversity. We assumed that the RB assignment is pre-determined considering the application of persistent scheduling to VoIP UEs.

Table 1 – Major simulation parameters
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Table 2 – Downlink MCS set and required number of RBs for transmitting 200- and 296-bit VoIP packets for each MCS
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Table 3 – Uplink MCS set and required number of RBs for transmitting 200- and 296-bit VoIP packets for each MCS
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(a)   RB length = 0.5 msec
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(b)  RB length = 1.0 msec
Figure 1 – Shared data channel transmission in Downlink
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(a)  RB length = 0.5 msec
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(b)  RB length = 1.0 msec
Figure 2 – Shared data channel transmission in Uplink
We assume adaptive modulation and coding rate (AMC). However, considering the application of persistent scheduling for VoIP, the MCS is selected according to the average signal-to interference plus noise power ratio (SINR) that is determined by the shadowing and distance-dependent path loss. Since the optimum size of the RB is dependent on the MCS used, the following two criteria for the MCS selection thresholds are evaluated aiming at deriving a general conclusion.

· Residual packet error rate (PER) base

· In this case, we selected the most efficient MCS that satisfies the residual PER after one re-transmission lower than 10-2 according to the average SINR

· Maximum throughput base

· In this case, we selected most efficient MCS that achieves the highest throughput according to the average SINR

Meanwhile, transmission power control is not assumed in this simulation. With transmission power control, Node B can select more efficient MCS, since if the channel condition becomes poorer, the performance can be maintained by increasing the transmission power. Therefore, it should be noted that the condition without transmission power control is advantageous for a larger RB size.

We compared the required average radio resources, 
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, between RB0.5 and RB1.0 by using the following equation.
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where 
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 is the number of symbols within one RB, 
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 is the number of RBs required for transmitting one VoIP packet when the i-th MCS is used as listed in Table 2 and 3, and 
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is the selection probability of the i-th MCS, which is derived from the distribution of SINR in the cell and the MCS selection threshold.

2.2. Downlink Evaluation Results

Figures 3(a) and 3(b) show the residual PER of each MCS after one re-transmission with RB0.5 in the downlink as a function of the average SINR for the packet size of 200 bits and 296 bits, respectively. Meanwhile, Figs. 4(a) and 4(b) show the residual PER performance with RB1.0.

Figures 5(a) and 5(b) show the throughput of each MCS after one re-transmission with RB0.5 in downlink as a function of average SINR for packet size of 200 bits and 296 bits, respectively. Meanwhile, Figs. 6(a) and 6(b) show the throughput performance with RB1.0.
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(a) Packet size = 200 bits
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(b) Packet size = 296 bits

Figure 3 – Downlink residual PER (RB length = 0.5 msec)
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(a) Packet size = 200 bits
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Figure 4 – Downlink residual PER (RB length = 1.0 msec)
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(b) Packet size = 296 bits

Figure 5 – Downlink throughput (RB length = 0.5 msec)
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(a) Packet size = 200 bits
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(b) Packet size = 296 bits

Figure 6 – Downlink throughput (RB length = 1.0 msec)
From these figures, the MCS selection thresholds in the downlink for the two criteria are determined as listed in Table 4.

Table 4 – MCS selection threshold in downlink
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Next, Figs. 7 shows the distribution of the average received SINR in the downlink with the channel load as a parameter, which is derived from the system level simulation.
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Figure 7 – Distribution of average received SINR in downlink

Then from the MCS selection threshold in Table 4 and the SINR distribution function in Figs. 7, we derived the selection probability of each MCS, 
[image: image24.wmf]i

MCS

P

. Table 5(a) and 5(b) show the selection probability of the respective MCS in the downlink for residual PER-based MCS selection and maximum throughput-based MCS selection.
Table 5 – MCS selection probability in downlink
(a) PER based selection
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(b) Throughput based selection
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Finally Table 6 shows the comparison of the required average radio resources, 
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, between RB0.5 and RB1.0 by using Eq. (1). This table shows that for a 200-bit VoIP packet, the achievable improvement of in the radio resource usage by using RB0.5 relative to RB1.0 is in the range of 15 – 23% dependent on the channel load and MCS selection criteria. When VoIP packet size increases to 296 bits, although the improvement in the radio resource usage by using RB0.5 becomes smaller, we can still gain 4 – 7% improvement in the radio resource usage with RB0.5. Therefore, from these results, single RB allocation is necessary in the downlink to accommodate efficiently a small payload such as VoIP.

Table 6 – Required average radio resources in downlink
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2.3. Uplink Evaluation Results

Figure 8(a) and 8(b) show the residual PER of each MCS after one re-transmission with RB0.5 in the uplink as a function of average SINR for the packet size of 200 bits and 296 bits, respectively. Meanwhile, Figs. 9(a) and 9(b) show the residual PER performance with RB1.0.

Figure 10(a) and 10(b) show the throughput of each MCS after one re-transmission with RB0.5 in the uplink as a function of the average SINR for the packet size of 200 bits and 296 bits, respectively. Meanwhile, Figs. 11(a) and 11(b) show the throughput performance with RB1.0.
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(a) Packet size = 200 bits
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(b) Packet size = 296 bits
Figure 8 – Uplink residual PER (RB length = 0.5 msec)
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(a) Packet size = 200 bits
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(b) Packet size = 296 bits
Figure 9 – Uplink residual PER (RB length = 1.0 msec)
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(a) Packet size = 200 bits
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(b) Packet size = 296 bits

Figure 10 – Uplink throughput (RB length = 0.5 msec)
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(a) Packet size = 200 bits

[image: image36.wmf]0

0.5

1

1.5

2

2.5

3

-15

-10

-5

0

5

10

15

20

QPSK R=1/9

QPSK R=1/7

QPSK R=1/5

QPSK R=1/3

QPSK R=1/2

QPSK R=2/3

QPSK R=3/4

16QAM R=1/2

16QAM R=3/5

16QAM R=2/3

16QAM R=3/4

16QAM R=4/5

16QAM R=5/6

16QAM R=8/9

Throughput (bits/symbol)

E

s

/N

0

Average received SINR per receiver branch (dB)

QPSK 

R

=1/9

R

=1/7

R

=1/5

R

=1/3

R

=1/2

R

=2/3

R

=3/4

16QAM

R

=1/2

R

=3/5

R

=2/3

R

=3/4

Throughput (bit/symbol)


(b) Packet size = 296 bits

Figure 11 – Uplink throughput (RB length = 1.0 msec)
From these figures, the MCS selection thresholds in the uplink for the two criteria are determined as listed in Table 7.

Table 7 – MCS selection threshold in uplink
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Next, Figs. 12 show the distribution of the average received SINR measured within a 180-kHz bandwidth in the uplink with the channel load as a parameter, which is derived from the system level simulation.
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 Figure 12 – Distribution of average received SINR in uplink

Then from the MCS selection threshold in Table 7 and SINR distribution function in Figs. 11, we derived the selection probability of each MCS, 
[image: image39.wmf]i
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. Table 8(a) and 8(b) show the selection probability of respective MCS in uplink for residual PER-based MCS selection and maximum throughput-based MCS selection. 

Table 8 – MCS selection probability in uplink
(a) PER based selection
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(b) Throughput based selection 
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Finally Table 9 shows a comparison of the required average radio resources, 
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, between RB0.5 and RB1.0 in uplink by using Eq. (1). This table shows the improvement in the radio resource usage by using RB0.5 is much smaller than in the downlink. For a 200-bit VoIP packet, the achievable improvement in the radio resource usage by using RB0.5 relative to RB1.0 is in the range of 0 – 4% dependent on the channel load and MCS selection criteria. When the VoIP packet size increases to 296 bits, the improvement in the radio resource usage by using RB0.5 becomes even smaller. This is because the selection probability of a high rate MCS, which requires a small number of RBs becomes small in the uplink compared to that in downlink. Therefore, from this result, the single RB allocation is not necessary in the uplink from the viewpoint of efficient usage of radio resources for transmission of a small payload.

Table 9 – Required average radio resources in uplink
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3. Conclusion
In this paper, we investigated the necessity of the single RB allocation from the viewpoint of efficient usage of radio resources for transmission of a small payload such as VoIP packets, both for the downlink and uplink. From the simulation results, our recommendation is as follows.

· For the downlink, single RB assignment is necessary

· For the uplink, single RB assignment is not necessary from the viewpoint of efficient usage of radio resources for transmission of a small payload
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