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1 Introduction

In this document we consider how to adapt the modulation and coding taking into account time and frequency domain channel dependent scheduling. The basic assumption for this contribution is single transmission antenna system.
2 Link adaptation methods
The process of modifying the transmission parameters to compensate for the variations in channel conditions is well known as link adaptation. Adaptive modulation and coding (AMC) is one kind of this technique. 

The principle of AMC is to change the modulation and coding format in accordance with variations in the channel conditions. The channel conditions can be estimated based on CQI feedback from the receiver. 
For the packet transmission both block-wise transmission on resource blocks consisting of number of consecutive sub-carriers (localized transmission) and transmission on non-consecutive (scattered) sub-carriers (distributed transmission) are to be supported. Accordingly, the link adaptation method is also to support both transmission schemes.

The data stream from higher layer could be segmented in spatial domain. However, the gain of the spatial domain segmentation is FFS. Hence, in this contribution, we assume single transmission antenna. 
Before go further into detailed link adaptation methods, the overall coding procedure could be described as follows. At first, CRC is attached on the transport block delivered from higher layer. After CRC attachment, the information bits are encoded. Then physical layer HARQ functionality/rate matching selects the sub-set of the channel-coded bits that is to be transmitted during the TTI. The selected coded bits to be transmitted are then interleaved and split into different resource blocks or sub-carriers which have been allocated by the scheduler. 
The possible different methods for the link adaptation could be listed as below and depicted in Figure 1.
· Method (a): Allocated resource-common adaptive coding rate and adaptive modulation
· Method (b): Allocated resource-common adaptive coding rate and allocated resource -dependent adaptive modulation
For method (a) both coding rate and modulation scheme are the same for each allocated resources and controlled by scheduler to maximize the spectral efficiency. On the other hand, for method (b) the modulation scheme could be different based on scheduling while the coding rate is the same for each allocated resources. The allocated resource could be resource block or scattered sub-carriers which have been allocated by scheduler according to the transmission schemes, i.e. localized transmission and distributed transmission. For the proper link adaptation in channel dependent scheduling, CQI feedback value should reflects the channel status for each resource block and scattered sub-carrier, in other words, resource block bandwidth and entire bandwidth, respectively.
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Figure 1 Link adaptation methods
The criterion to evaluate method (a) and (b) could be, 

· link adaptation performance,

· signaling overhead,

· and complexity. 

The link adaptation performance of method (b) could outweigh that of method (a) because method (b) is likely to have more possibility to adapt to the channel status. But in method (b) the link adaptation capability could be reduced if the allocated resources are limited in a low level. Consequently, the overall system level gain of method (b) is not significant and the detailed performance evaluation can be found in section 3. 

Regarding the signaling overhead, for method (b) Node B should inform UE of more control signaling of modulation scheme for each allocated resource than method (a). This control signaling for method (b) increases as the allocated resources increase. Moreover, imperfect CQI measurements and CQI feedback error could impact more on method (b). Because the improper selection of modulation scheme for each resource based on incorrect CQI(s) could take the benefit of link adaptation capability from method (b).
3 Simulation
3.1 Simulation assumptions
Table A1 - A3 in Annex list the detailed simulation parameters. We followed OFDM parameters and the simulation conditions described in [3]. A 19-cell configuration was assumed, where each cell has 3 sectors. We set the cell radius to 289 m. Modulation and coding schemes used are shown in Table 3. The delay between the point channel measurement at UE and the point that the scheduler uses the CQI, was 3 TTI (=1.5 ms).  The round trip delay of the hybrid ARQ with packet combining (Chase combining) was 6 TTIs (=3ms). We used the exponential effective SIR mapping (EESM) method for the link error prediction [4].
In this simulation localized transmission on the allocated resource block is assumed. 
3.2 Simulation results
Table 1 Average user throughput according to link adaptation method
	Simulation scenario
	Average user throughput [Mbps]

	Resource block-common modulation and coding
	1013

	Resource block-dependent modulation and coding
	1058

	Throughput difference
	 4.4 %


For the simplicity of performance evaluation and scheduling operation, we assumed that each resource block has its own code block and can be controlled the modulation scheme and coding rate independently, and this is named ‘resource block-dependent modulation and coding’ in Table 1. Then, to reflect the method (a) in the simulation each resource block is set to have the same modulation scheme and coding rate, which is indicated ‘resource block-common modulation and coding’ in Table 1. It can be inferred that the performance of method (b) would be between above mentioned two simulation cases. Based on this simulation it is expected that the performance benefit of method (b) over method (a) is below 4.4% in terms of average user throughput. Note that as the signalling overhead has not been taken into account, the performance benefit of method (b) would be reduced further. 
4 Conclusion
In this document, link adaptation aspect for single transmission antenna case is discussed. In conclusion, we propose to take method (a), which is called ‘allocated resource-common adaptive coding rate and adaptive modulation’, as E-UTRA link adaptation method. And we also propose to include text proposal attached below into section 7.1.2.2 in TR25.814. 
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Text Proposal (Section 7.1.2.2 in TR 25.814) 
------------------------------------------------------------ Start of Text Proposal --------------------------------------------------------
7.1.2.2 Link adaptation
Link adaptation, i.e., adaptive modulation and coding scheme, is performed in both time and frequency domain to maximize spectral efficiency. For the diversity transmission (See 7.1.1.2.1), link adaptation is performed based on the CQI feedback reflecting average SINR for the entire bandwidth. For the block-wise transmission (See 7.1.1.2.1), link adaptation is performed based on the CQI feedback reflecting average SINR for the resource block bandwidth.
For the link adaptation, the channel coding rate and the modulation scheme are common for resource blocks/sub-carriers, which is shown in Figure 7.1.2.2-x. At first, CRC is attached on the transport block delivered from higher layer. After CRC attachment, the information bits are encoded. Then physical layer HARQ functionality/rate matching selects the sub-set of the channel-coded bits that is to be transmitted during the TTI. The selected coded bits to be transmitted are then interleaved and split into different resource blocks or sub-carriers which have been allocated by the scheduler.
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Figure 7.1.2.2-x. Link adaptation
------------------------------------------------------- End of Text Proposal ----------------------------------------------------
Annex: Simulation parameters

Table A1. OFDM Parameters
	Parameter
	Assumption

	TTI duration (msec)
	0.5

	FFT size
	1024

	OFDM sample rate (Msamples/sec)
	15.36

	CP duration ((sec/ samples)
	(4.75/73) ( 6, (4.82/74) ( 1

	Subcarrier separation (kHz)
	15

	# of OFDM symbols per TTI
	7

	OFDM symbol duration ((sec)
	66.67

	# of useful subcarriers per OFDM symbol
	600

	Transmission bandwidth (MHz)
	9.015


Table A2. System simulation parameters
	Parameter
	Assumption

	Cellular layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Inter-site distance
	500 m

	Minimum distance between UE and cell
	35 m

	Distance dependent path loss
	128.1 + 37.6log10(R), R in kilometers

	Antenna pattern
	70 deg (-3 dB) with 20 dB front-to-back ratio

	Total BS Tx power
	46 dBm

	Penetration loss
	20 dB

	Standard deviation of slow fading
	8 dB

	Shadowing correlation between cells / sectors
	0.5 / 1.0

	Carrier frequency
	2000 MHz

	BS/UE antenna gain
	14 dB / 0dBi

	UE noise figure
	9 dB

	Thermal noise density
	-174 dBm/Hz

	Modulation scheme and Channel coding rate
	See Table 3.

	Control delay in scheduling and AMC
	1.5 msec (3 sub-frames)

	Scheduling algorithm
	Proportional Fairness

	Effective SIR mapping function
	Exponential Effective SIR Mapping ([4])

	Round trip delay in hybrid ARQ
	3.0 msec (6 TTI)

	Packet combining method in hybrid ARQ
	Chase combining

	Number of receiver antennas
	2

	Channel model
	Typical Urban

	UE speed
	3 km/h

	DRCH/LRCH
	LRCH

	Number of LRCHs
	16

	Number of UEs per sector
	1


Table A3. Modulation and coding scheme
	Modulation
	Code Rate
	Repetition Factor
	Effective Code Rate

	QPSK
	1/3
	2
	1/6

	
	1/3
	1
	1/3

	
	1/2
	1
	1/2

	16 QAM
	1/3
	1
	1/3

	
	1/2
	1
	1/2

	
	2/3
	1
	2/3

	64 QAM
	1/2
	1
	1/2

	
	2/3
	1
	2/3

	
	4/5
	1
	4/5












