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1. Introduction

In the E-UTRA downlink, link adaptation (AMC: adaptive modulation and coding) with various modulation schemes and channel coding rates is applied to the shared data channel associated with hybrid ARQ and channel-dependent scheduling. We proposed a joint text proposal on link adaptation associated with hybrid ARQ (HARQ) with packet combining and frequency and time domain channel-dependent scheduling for the E-UTRA downlink at the RAN WG1 #43 meeting in Seoul [1]. In the contribution, three methods were addressed for a single-antenna (non-MIMO) transmission case for localized transmission. This contribution presents the optimum link adaptation method employing HARQ and frequency and time domain channel-dependent scheduling particularly focusing on localized OFDMA transmission in the E-UTRA downlink. Note that this covers only the single-TX (non-MIMO) case.
2. Link Adaptation for Localized Transmission
Link adaptation uses either localized (for frequency selectivity) or distributed (for frequency diversity) transmission modes. The selection of the localized or distributed transmission may be based on the service type, user equipment (UE) speed, packet size, or other factors. In the following discussion, we assume that one channel-coded block (stream) is transmitted from one user using multiple resource blocks (RBs). Note that in the case of localized transmission, the RB is defined as the minimum transmission bandwidth. The support of multiple channel-coded streams may also be necessary for segmenting large IP packets, etc. 

2.1. Link Adaptation Candidates for Localized Transmission

In localized OFDMA transmission, three link adaptation methods are considered. 

(1) RB-dependent adaptive modulation and RB-common channel coding rate

(2) RB-common adaptive modulation and channel coding rate
(3) RB-dependent adaptive modulation and channel coding rate
In (3), the reliability of one coded bit differs among different RBs when the channel coding rate is changed according to the channel quality indicator (CQI) within one coded block. Accordingly, the achievable channel coding gain is reduced compared to the other two methods. Therefore, we investigate the achievable performance for RB-dependent modulation  and RB-common modulation  both with a common channel coding rate.  Figure 1 shows a simplified block diagram of RB-dependent modulation method. The operations of the method are as follows. 

· CRC bits are attached at every L2 PDU and channel encoding is performed. The coding rate is common to all RBs.

· Channel interleaving is performed after HARQ transmission operation.

· The interleaved coded block is segmented into multiple RBs

· Spreading, e.g., repetition, may be performed as part of the channel coding or as part of the data modulation

· In a general case, modulation is carried out on a RB basis, i.e., different modulation schemes may be applied to different assigned RBs (block-dependent modulation). 
· Scrambling may be employed after adaptive modulation.

Note that when multiple RBs are assigned, they are not required to be adjacent. 
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Figure 1 – RB-dependent adaptive modulation and RB-common channel coding rate scheme 

(Localized OFDMA transmission)

Figure 2 shows the block diagram for the RB-common modulation method. As shown in Fig. 2, the same modulation scheme is assigned to all assigned RBs regardless of the CQI information reported for the respective RBs. In this case, the modulation scheme and coding rate are decided from the averaged CQI information for all RBs assigned in the same sub-frame. Clearly, the control signaling bits in RB-common modulation are reduced compared to those in RB-dependent modulation.
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Figure 2 – RB-common adaptive modulation and RB-common channel coding rate scheme 

(Localized OFDMA transmission)

Furthermore, in the case of multiple channel-coded streams, the schemes in Figs. 1 and 2 may be separately applied to several different groups of RBs.
2.2. Simulation Evaluations and Considerations

We compare the achievable throughput performance between the RB-dependent modulation and RB-common modulation schemes. Table 1 lists the simulation parameters assumed in the evaluations, which follow the simulation assumptions in [2]. As indicated in the table, we employed many channel coding rates to investigate precisely the difference between the two schemes. Moreover, we assumed a single-user environment, i.e., without frequency channel-dependent scheduling. This is because the condition is more advantageous for RB-dependent modulation than RB-common modulation, since RBs with a large difference in CQI are assigned to the same user. Meanwhile, when frequency channel-dependent scheduling is applied, the radio RBs with high CQIs, i.e., the resultant difference in CQI is small, are assigned. This situation is very advantageous for the RB-common modulation scheme. In the evaluations, we assume transmission power of each RB is constant, i.e., we don’t consider transmission power control at each RB. 

Table 1 – Simulation Parameters
	System bandwidth
	10 MHz

	Number of sub-carriers
	600

	Sub-carrier spacing
	15 kHz

	Occupied bandwidth
	9 MHz

	Chunk bandwidth
	375 kHz (24 chunks / 9 MHz)

	Symbol duration
	Useful data
	66.67 sec

	
	Guard interval
	4.75 sec

	Sub-frame length
	0.5 msec (7 OFDM symbols)

	Data modulation
	QPSK, 16QAM, 64QAM

	Channel coding rate
	8 coding rates (1/3, 2/5, 4/9, 1/2, 5/9, 3/5, 2/3, 3/4)

5 coding rates (1/3, 1/2, 3/5, 2/3, 3/4)

	Channel coding / decoding
	Turbo code (K = 4)

/ Max-Log-MAP decoding

(8 iterations)

	Number of receiver antennas
	2


(1) Ideal channel estimation 

Figure 3 shows the throughput performance using RB-dependent modulation and RB-common modulation assuming a six-ray Typical Urban (TU) channel model. The solid and dotted lines indicate throughput employing eight and five channel coding rates, respectively. In the figure, we assume that all RBs are assigned to the same user. We see that in the RB-common modulation method, the achievable throughput is improved according to increase in the number of coding rates, since more appropriate MCS selection associated with the improved granularity of the data rate is possible according to the SINR variation, even when the data modulation scheme are common among the respective RBs. Meanwhile, for the RB-dependent modulation method, owing to the sufficient granularity of the data rate associated with the adaptive control of data modulation schemes in the respective RBs, the throughput performances are almost the same between the cases employing the eight and five channel coding rates. We can see, however, that the improvement in the throughput of the RB-dependent modulation from that in the RB-common modulation is only 5% at most. The corresponding improvement in the required average received Es/N0 is only 0.5 dB. This is because even when the bit errors occur in the RB with a low CQI, the decoding errors are corrected by the channel coding gain associated with interleaving with other RBs, which are correctly decoded. 
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Figure 3 – Throughput performance between RB-dependent modulation and RB-common modulation: 6-ray TU channel model and ideal channel estimation

In Fig. 3, we assume that all RBs (total 24) are assigned to the same user. Then, a high frequency diversity effect is gained, although the CQI difference among assigned RBs is large. We can hypothesize that the high frequency diversity effect may be advantageous to the RB-common modulation scheme because decoding error in the RBs with a low CQI is recovered by the strong frequency diversity effect. Therefore, we compare the throughput between the RB-dependent modulation and RB-common modulation schemes restricting the assigned RBs to the same user. Figure 4 shows the throughput performance with the assigned RBs to the same user as a parameter. When N (= 8, 16, 24) RBs are assigned to the same user, N/2 RBs from the top in decreasing order of the CQI and N/2 RBs from the bottom in increasing order are selected in the frequency domain channel-dependent scheduling. It is considered that according to the reduction in the N value, the frequency diversity effect becomes smaller.  However, Fig. 4 shows that the difference between the RB-dependent modulation and RB-common modulation schemes is constant and small regardless of the N value. Thus, we see that the influence of the frequency diversity effect on the difference between RB-dependent modulation and RB-common modulation is slight. In the subsequent evaluations, we assume that all RBs are assigned to the same user as in Fig. 3. 
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Figure 4 – Throughput performance between RB-dependent modulation and RB-common modulation: 6-ray TU channel model and ideal channel estimation

Figures 5(a) and 5(b) show the throughput performance levels assuming Pedestrian-A and Pedestrian-B channel models as a function of the average received Es/N0. In the Pedestrian-A channel model, the improvement in the RB-dependent modulation compared to that of the RB-common modulation is slightly reduced due to the decrease in the fluctuation in the frequency domain caused by the small number of paths. We see from the figures that the improvement in the throughputs of the RB-dependent modulation compared to that for the RB-common modulation are only 4 and 5% at most in the Pedestrian-A and Pedestrian-B channel models, respectively.   
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(a) Pedestrian-A channel model 

[image: image6.wmf]0

5

10

15

20

25

30

35

40

-5

0

5

10

15

20

Throughput (Mbps)

Average received E

s

/N

0

 per receiver branch (dB)

Pedestrian

-

B

5 Coding rates 

8 Coding rates

RB

-

dependent modulation

RB

-

common modulation


(b) Pedestrian-B channel model

Figure 5 – Throughput performance comparison between RB-dependent modulation and RB-common modulation: Pedestrian-A and Pedestrian-B channel models, and ideal channel estimation

(2) Real channel estimation 

In this section, we compared the throughput with the real channel estimation. In the channel estimation, weighted averaging over pilot symbols of contiguous sub-carriers and subsequent OFDM symbols is used. Figure 6 shows the throughput performance using RB-dependent modulation and RB-common modulation assuming the six-ray TU channel model. Similar to the throughput assuming ideal channel estimation in Fig. 3, the difference between the RB-dependent modulation and RB-common modulation schemes is small. 
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Figure 6 – Throughput performance comparison between RB-dependent modulation and RB-common modulation: 6-ray TU channel model and real channel estimation

Figures 7(a) and 7(b) show the throughput performance levels assuming Pedestrian-A and Pedestrian-B channel models with the real channel estimation as a function of the average received Es/N0. Similar to the results assuming the TU channel model, the improvement in the RB-dependent modulation compared to that of the RB-common modulation is slight. 
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(a) Pedestrian-A channel model
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(b) Pedestrian-B channel model
Figure 7 – Throughput performance comparison between RB-dependent modulation and RB-common modulation: Pedestrian-A and Pedestrian-B channel models, and real channel estimation

From the simulation results described in Section 2.2.2, we see that the improvements in the RB-dependent modulation scheme compared to that of the RB-common modulation scheme are slight without transmission power case. In addition, the number of the required control signaling information bits in the RB-dependent modulation becomes greater than that for the RB-common modulation scheme.

3. Link adaptation for Distributed transmission

In the case of distributed transmission, link adaptation in only the time domain may be used, i.e., no frequency-domain link adaptation is used. In this case, the channel coding rate and modulation scheme are fixed over the frequency domain as shown in Fig. 8. Note that the operations in Fig. 8 are the same as in Fig. 2, with the ‘Physical channel segmentation’ block mapping the modulation symbols onto the sub-carriers that may be in a number of RBs distributed across the frequency band. 
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Figure 8 – Frequency domain-common adaptive modulation and channel coding rate scheme (Distributed OFDMA transmission)

4. Conclusion

We elucidated that the improvements in the achievable throughput of the RB-dependent modulation scheme from that of the RB-common modulation scheme are slight without transmission power control. In addition, the number of the required control signaling bits in the RB-dependent modulation scheme becomes greater than that for the RB-common modulation scheme. Therefore, the RB-common modulation and channel coding rate scheme is preferred without transmission power control case, when multiple RBs of the same coded stream are assigned to one user.
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