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1. Introduction

At the RAN1#40bis (Beijing), RAN1#41 (Athens) and RAN1 adhoc meetings (Sophia Antipolis), most companies proposed OFDM based radio access in the downlink. It is anticipated that OFDM-based radio access will be the most promising candidate in the downlink. In OFDM-based radio access, frequency and time domain channel-dependent packet scheduling is an essential technique to improve the sector throughput and user throughput particularly at the cell boundary. Therefore, this contribution presents the optimum adaptive modulation and channel coding (AMC) scheme for frequency and time domain channel-dependent packet scheduling in the Evolved UTRA downlink.

2. AMC Scheme for Frequency and Time Domain Channel-dependent Scheduling
We assume the application of the following techniques to the shared data channel in the downlink [1],[2].

· Link adaptation (AMC) with modulation schemes such as QPSK, 16QAM, and 64QAM

· Hybrid ARQ with packet combining. Incremental redundancy is the current assumption.

· Frequency and time domain channel-dependent scheduling
We consider the following three types of AMC schemes for frequency and time domain channel-dependent scheduling as shown in Figs. 1.  

The common features of these schemes are given below.

- Channel coding is applied over multiple chunks assigned to a user, which brings about a low overhead.

- Within the respective chunks, cell-specific scrambling and/or hopping is applied to the symbols after data-modulation mapping.

The features of the respective types of transmission block diagrams are as follows.
(a) Chunk-dependent adaptive modulation and chunk-common channel coding rate

Although the same channel coding rate (including rate matching) is employed over multiple chunks, adaptive control of the data modulation scheme is applied to each chunk.
· CRC is attached at every L2 PDU and channel encoding is performed. The coding rate is common to all chunks.

· Interleaving (bit interleaving) is performed for each encoded bit sequence.

· The interleaved coded block is segmented into multiple chunks. According to the chunk size, data modulation is adaptively changed.

The features of this scheme are as follows.

· According to the CQI of each chunk, efficient bit mapping is achieved by changing the data modulation.

(b) Chunk-common adaptive modulation and channel coding rate

The same channel coding rate (including rate matching) and data modulation scheme is employed over multiple chunks.
· CRC is attached at every L2 PDU and channel encoding is performed. The data modulation and coding rate are common to all chunks.

· Interleaving (bit interleaving) is performed for each encoded bit sequence.

· The interleaved coded block is segmented into multiple chunks.

· The data modulation scheme is adaptively selected according to the average CQI over all chunks. 

The features of this scheme are as follows.

· The number of required control signaling bits is less than Scheme (a).

· The achievable performance may be degraded due to MCS selection based on the channel conditions averaged over multiple chunks.
(c) Chunk-dependent adaptive modulation and channel coding rate

Adaptive control of the channel coding rate (including rate matching) and adaptive control of the data modulation schemes are applied to each chunk.
· CRC is attached at every L2 PDU and channel encoding is performed.

· Interleaving (bit interleaving) is performed for each encoded bit sequence.

· The interleaved coded block is segmented into multiple chunks. According to the chunk size, i.e., the number of bits accommodated at each chunk, the data modulation and coding rate is changed.

The features of this scheme are as follows.

· There is no merit to changing the coding rate by puncturing or repetition, since the achievable throughput is degraded due to the difference in reliability (i.e., SINR) of the coded bits at different chunks in the same channel coding block.  

· The number of required control signaling bits for MCS information of the respective chunks is increased.

As mentioned above, chunk-dependent coding rate control is meaningless because the channel coding gain is reduced if we change the coding rate according to the CQI of each chunk within the one coding block. We focus on the following two schemes hereafter.

Scheme (a): Chunk-dependent adaptive modulation and chunk-common channel coding rate 
Scheme (b): Chunk-common adaptive modulation and channel coding rate 
The difference in the two schemes is whether or not chunk-dependent data modulation control is beneficial in improving the achievable throughput.
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(a) Chunk-dependent adaptive modulation and chunk-common channel coding rate
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(b) Chunk-common adaptive modulation and channel coding rate
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(c) Chunk-dependent adaptive modulation and channel coding rate
Figure 1 – AMC schemes for frequency and time domain channel-dependent scheduling

3. Throughput Comparisons
We investigate the throughput based on the following two schemes.

Scheme (a): Chunk-dependent adaptive modulation and chunk-common channel coding rate 
Scheme (b): Chunk-common adaptive modulation and channel coding rate 
Table 1 gives details regarding the simulation parameters. We followed the simulation conditions described in [3]. The channel bandwidth is 10 MHz. We assume the chunk bandwidth is 300 kHz (then, there are 30 chunks). We employed the following combination of modulation and coding rates in the Turbo code: QPSK with R = 1/8, 1/4, 1/2, and 2/3; 16QAM with R = 1/2 and 2/3; and 64QAM with R = 1/2, 3/5, 2/3, and 3/4. We set the control delay of link adaptation to 1 TTI (= 0.5 msec). 

Table 1 – Simulation Parameters

	System bandwidth
	10 MHz

	Number of sub-carriers
	600

	Sub-carrier spacing
	15 kHz

	Occupied bandwidth
	9 MHz

	Chunk bandwidth
	300 kHz (30 chunks / 9 MHz)

	Symbol duration
	Useful data
	66.67 sec

	
	Guard interval
	4.75 sec

	Sub-frame length
	0.5 msec (7 OFDM symbols)

	Pilot channel overhead
	7.14 %

	Data modulation
	QPSK, 16QAM, 64QAM

	Interleave
	Random

	Channel coding / decoding
	Turbo code (K = 4)

/ Max-Log-MAP decoding

(8 iterations)

	Number of receiver antennas
	2

	Channel

estimation
	Frequency domain
	Coherent averaging

	
	Time domain
	Coherent averaging over one-sub-frame


Table 2 – Set of Modulation Scheme and Channel Coding Rate Assumed in Simulation

(a) Chunk-Dependent Adaptive Modulation and Chunk-Common Channel Coding Rate
	Data modulation
	
	Channel coding rate

	QPSK
	
	1/8

	16QAM
	
	1/4

	64QAM
	
	1/3

	
	
	1/2

	
	
	2/3

	
	
	3/4


(b) Chunk-Common Adaptive Modulation and Channel Coding Rate
	MCS
	Data modulation
	Channel coding rate
	Data rate

	1
	QPSK
	1/8
	1.942 Mbps

	2
	QPSK
	1/4
	3.884 Mbps

	3
	QPSK
	1/2
	7.782 Mbps

	4
	QPSK
	2/3
	10.376 Mbps

	5
	16QAM
	1/2
	15.582 Mbps

	6
	16QAM
	2/3
	20.776 Mbps

	7
	64QAM
	1/2
	23.382 Mbps

	8
	64QAM
	3/5
	28.058 Mbps

	9
	64QAM
	2/3
	31.176 Mbps

	10
	64QAM
	3/4
	35.072 Mbps



Figure 2 shows the throughput as a function of the average received signal energy per symbol-to-noise power spectrum density ratio (Es/N0) per antenna. The figure shows that the throughput is improved by approximately 800 kbps and 1.5 Mbps at the average received Es/N0 of 5 and 10 dB, respectively, although the improvement seems to be small. Looking at the additional control signaling overhead in chunk-dependent data modulation control (Scheme (a)) compared to that of chunk-common data modulation (Scheme (b)), the control bits for the modulation scheme information are necessary. If we assume that the number of control signaling bits for the modulation scheme information per chunk is two (for QPSK, 16QAM, and 64QAM), the increase in the number of control signaling bits in Scheme (a) compared to Scheme (b) becomes only 2 x (30 chunks) - 2 = 58 (corresponding to 116 kbps). Therefore, we see that there is a benefit to chunk-dependent data modulation control considering the small increase in the additional control signaling overhead.


In conclusion, we propose the chunk-dependent adaptive modulation and chunk-common channel coding rate control scheme for frequency and time domain channel-dependent packet scheduling in the downlink OFDM based radio access.
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Figure 2 – Throughput comparisons on AMC schemes for frequency and time domain channel-dependent scheduling

4. Conclusion
This contribution clarified the following results on AMC in the frequency and time domain channel-dependent scheduling in the downlink OFDM based radio access.

· There is no merit to changing adaptively the channel coding rate according to the CQI at each chunk because the achievable performance is degraded due to the difference in reliability, i.e., received SINR, of the coded bit within the same coding block.

· The chunk-dependent adaptive modulation and chunk-common channel coding rate scheme can improve the achievable throughput compared to the chunk-common adaptive modulation and channel coding rate scheme considering the small increase in the additional control signalling overhead.

In conclusion, we propose the chunk-dependent adaptive modulation and chunk-common channel coding rate scheme for frequency and time domain channel-dependent scheduling in the Evolved UTRA downlink.

5. Text Proposal  (Section 7.1.2 in TR 25.814)
---------------------------------------- Start of Text Proposal --------------------------------------------------

7.1.2 Physical layer Procedure
7.1.2.2 Link adaptation

For the adaptive modulation and channel coding (AMC) associated with the frequency and time domain channel-dependent scheduling, the chunk-dependent adaptive modulation and chunk-common channel coding rate scheme shown in Fig. 1 should be employed.
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Figure 1 – AMC schemes for frequency and time domain channel-dependent scheduling

As an alternative scheme, the chunk-common adaptive modulation and channel coding rate scheme should be investigated.
---------------------------------------- End of Text Proposal --------------------------------------------------
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