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1. Introduction

In the last RAN plenary, OFDMA has been selected as the DL multiple access scheme to be considered in the WI phase of E-UTRA. This document extends the discussion on E-UTRA DL link adaptation that is addressed in [1] and presents performance results of frequency domain link adaptation (FDLA). In addition to basic modulation adaptation investigated in [2], we also present results for implicit adaptive power allocation considering the different modulation schemes.
2. Discussion

The general transport block processing sequence for E-UTRA downlink is depicted in Figure 1 as shown in [1] for localized transmission.
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Figure 1. E-UTRA DL transport block processing

As it has been described in [1], different modulations can be applied on different assigned resource blocks based on possible available channel state information. In this contribution, we compare three different adaptive modulation cases based on the block diagramm of Figure 1:
1. Resource block-common adaptive modulation: The same modulation is utilized for all available allocated resource blocks and as clear from the block diagram, the same coding scheme is applied.

2. Resource  block dependent adaptive modulation: Different modulations, like QPSK, 16QAM or 64QAM may be used on different resource blocks. The transmission power from all the subcarriers is constant and therefore independent of the selected modulation scheme. It is possible to reduce control signaling by limiting the choice of modulation for a resource block to be chosen from a pair. 
3. Resource block dependent adaptive modulation with implicit power adaptation: In the third scheme, we assume resource block dependent adaptive modulation as in (2) but in addition apply some power adaptation in order to achieve a constant transmit bit energy TX Eb, but of course keeping the average/total transmit power constant. Please note, that due to the deterministic power adaptation (“power loading”) for the different utilized modulation schemes there is no need to signal the performed power allocation to the UE separately. The knowledge of the used modulation automatically defines the transmission power adaptation and therefore the power adaptation does not result in any additional signaling overhead compared to (2).
The basic idea of this implicit power adaptation approach of method (3) is shown in Figure 2. 
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 Figure 2. Implicit power adaptation in case of frequency domain modulation adaptation.

As can be seen in Fig. 2, the transmission power of the individual resource blocks is dependent on the applied modulation there. When comparing the different modulations, we see that the transmission power of the individual modulations is dependent on the number of transmitted bits/symbol. Thus, 16QAM (N=4bits/symbol) is transmitted with double the power P16QAM=2A compared to QPSK (N=2bits/symbol, PQPSK=A). For 64QAM, we get N=6bits/symbol and P64QAM=3A, respectively.
The actual transmission power for each of the modulations is a function of the overall modulation usage. As mentioned above, the total transmission power is kept constant, meaning
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Knowing the distribution of the applied modulations for a single user, the implicit power adaptation is uniquely defined and does not need to be signaled separately to the UE.
The following simulation results have been created assuming the basic OFDMA parameter set for the 5MHz case and the frame timing of [3]. Other basic simulation assumptions can be found in Table 1:
	OFDM parameters
	According to [3], 5MHz case (300+1 subcarriers)

	Subframe length
	0.5ms according to [3]

	Antenna setup
	SISO (1TX and 1RX antenna)

	Channel model
	ITU Vehicular A

	UE speed
	v=3km/h

	CSI feedback delay
	2 subframes

	Resource block size
	25 subcarriers

	Number of resource blocks in frequency
	12 (12*25 subcarriers)

	Allocated for the user
	Whole subframe (all resource blocks)

	Considered Modulations
	QPSK, 16QAM and 64QAM

	Code rate
	1/3, ½, 2/3, 4/5

	Channel estimation
	2-D Wiener Filter


Table 1. Simulation parameters used for FDLA investigations
The difference in throughput performance of the three different FDLA schemes considered in this contribution using the simulation assumptions of Table 1 are shown in Figure 3.
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Figure 3. E-UTRA DL adaptive modulation performance of resource block dependent and resource block common adaptive modulation.
As can be seen from the simulation results, there is gain available of 1 to 1.5dB or 600kbps respectively for a TX SNR larger than 5dB for resource block-depdendent adaptive modulation with implicit power allocation. Without any kind of power adaptation, as the results in [2], the possible gain is dramatically reduced. In the lowest SNR area, there is no gain available due to the limited SNR, basically QPSK is optimal over the full bandwidth. One possibility to also improve the performance in the low SNR regime would be to not transmit any data on the “weaker” resource blocks (use “modulation 0QAM”) and boost the transmission power on the stronger resource blocks. But this, on/off switching has been not implemented in this simulation scenario and therefore, this gain is not visible in the presented simulation results.
In [2], the basic downlink signaling overhead of resource block dependent modulation adaptation has been specified with 2 bits/resource block and subframe. This overhead can be even reduced to one half by just allowing paired modulation selection over the allocated resource blocks. In case, that e.g. the basic selected AMC would be 16QAM with a coding rate of R=1/2, a “1” for the resource block would mean 16QAM modulation whereas a “0” would stand for QPSK modulation. Thereby, we would in addition to the “basic” AMC just need a single bit per allocated resource block in order to select the modulation out of the modulation pairs [64QAM, 16QAM], [16QAM,QPSK] as well as [QPSK, 0QAM]. Therefore, the overhead of the investigated resource block dependent adaptive modulation would be 12 bit/subframe in case of a resource block size of 25 subcarriers, or 24kbps for 12 resource blocks.
Considering that resource block dependent channel information might be available at the NodeB for frequency domain packet scheduling and link adaptation according to (7.1.3.1) of [3], we think, that the gains of 1 to 1.5dB or 600kbs in throughput in a 5MHz definitely justify the added DL signaling for modulation indication of ~24kbps in a 5MHz LTE application. As a consequence, the following text proposal for TR 25.814 is contributed to 3GPP.
3. Text Proposal for TR 25.814
---------------------------------  Start of Text Proposal  -----------------------------------------------------

7.1.2.2  Link adaptation 
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 (section 7.1.2.3) and channel-dependent scheduling. Link adaptation uses either localized (7.1.2.2.1, for frequency selectivity) or distributed (7.1.2.2.2, for frequency diversity) transmission modes. The selection of localized or distributed transmission may be based on service type, UE speed, packet size, or other factors. Note that the following description, currently, only covers the single-TX (non-MIMO) case.
7.1.2.2.1 Link adaptation –Localized transmission

In the case of localized transmission, two link adaptation schemes should be investigated in terms of both performance and control channel overhead. The first scheme is the resource block-dependent adaptive modulation and resource block-independent channel coding rate, which is shown in Fig. 1 (note that in the case of localized transmission, the resource block is defined as the minimum transmission bandwidth). The second one is the resource block-independent adaptive modulation and channel coding rate. 

The operations in Fig. 1 are as follows. 
· CRC is attached at every L2 PDU and channel encoding is performed. The coding rate is common to all resource blocks.

· Channel interleaving is performed after HARQ transmission operation.

· The interleaved coded block is segmented into multiple resource blocks
· In the general case, modulation is carried out on a resource-block basis, i.e., different modulation schemes may be applied to different assigned resource blocks (Fig. 1) (block-dependent modulation). Block-independent modulation corresponds to the special case of applying the same modulation scheme for all assigned resource blocks.
· Implicit power allocation for different assigned resource blocks may be applied in addition to modulation adaptation as part of the modulation adaptation block (Fig. 1).
Note that when multiple resource blocks are assigned, they are not required to be adjacent. Furthermore, in case of multiple L2 PDU case, the scheme of Fig. 1 may be separately applied to several different groups of resource blocks.
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Figure 1 – Resource block-dependent adaptive modulation and resource block-independent channel coding rate scheme (Localized FDMA transmission)
7.1.1.2.2 Link adaptation – 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 the case, the channel coding rate and modulation scheme are fixed over the frequency domain as shown in Fig. 2. Note that the operations in Fig. 2 are the same as in Fig. 1 (described in 7.1.1.2.1), with the ‘Physical channel segmentation’ block mapping the modulation symbols onto subcarriers that may be in a number of resource blocks distributed across frequency. 
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Figure 2 – Frequency domain-independent adaptive modulation and channel coding rate scheme (Distributed FDMA transmission)
---------------------------------------- End of Text Proposal --------------------------------------------------

4. Conclusion

In this contribution, we present simulation results of the adaptive modulation and channel coding approach of [1] including implicit/deterministic power allocation. This method results in an improvement of 1 to 1.5dB or 600kbps in a 5MHz carrier. As a consequence, the presented frequency domain link adaptation approach should be considered and further evaluated in the WI phase of 3GPP E-UTRA/LTE. 
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