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1. Introduction

In last RAN1 meeting, there was a discussion on the desirable options for link adaptation [1] but no agreement is reached yet. In this paper, we discuss further aspects on the link adaptation options and suggest a way forward.

2. Link adaptation options

2.1 Chunk-dependent adaptive coding rate 

It is theoretically possible to apply different rate matching, that is, different puncturing rates or repetition factors to different chunks assigned to a same UE within a radio sub-frame. However, if we assume a  interleaving of channel coded bits over the whole code word, there seems to be no difference between chunk-dependent coding rate and chunk-common coding rate. Figure 1 illustrates the code block transmission and reception process with and without chunk-dependent coding rate. As shown in figure 1(b), there will be no basic difference between chunk-dependent and chunk-common coding rate in the view point of the code block obtained in a receiver if the channel interleaver is designed well to disperse the coded bits within a code block sufficiently. Therefore, we don’t expect special gain by a chunk-dependent adaptation of coding rate in a frequency-time scheduling.
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Figure 1. Code block transmission and reception with and without chunk-dependent coding rate

2.2 Chunk-common adaptive modulation vs. Chunk-dependent adaptive modulation

Figure 2(a) illustrates a coding chain with chunk-common adaptive modulation, where common modulation and coding rate over the chunks assigned to a same UE within a radio sub-frame. Also, Figure 2(b) illustrates a coding chain with chunk-dependent adaptive modulation, where modulation order of different chunks can be set different even for a same UE within a radio sub-frame. We consider several aspects with these AMC schemes.
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Figure 2. Coding chain with deferent link adaptation assumptions

· Scheduling aspect

Scheduler should decide on the chunk assignment, modulation order and a channel coding rate. A simple way of scheduling is to have a look-up table as illustrated in Table 1 in Node B scheduler. Node B may first decide number of chunks to be assigned to a UE according to the downlink channel quality and MAC buffer states of the UEs. Then, average SIR of a UE over the assigned chunk can be calculated and the appropriate modulation and coding rate to obtain a target BLER can be obtained from the look-up table.

Table 1. Example of look-up table for scheduling (chunk-common modulation)

	# of chunks
	modulation & coding
	TrBlk size (approx.)
	SIR to obtain 1% BLER (averaged over multiple chunks)

	1
	QPSK, 1/8
	N
	...

	
	QPSK, 1/6
	N x 8/6
	...

	
	QPSK, 1/3
	N x 8/3
	...

	
	QPSK, 1/2
	N x 8/2
	...

	
	16QAM, 1/3
	N x 16/3
	...

	
	16QAM, 1/2
	N x 16/2
	...

	
	64QAM, 1/3
	N x 32/3
	...

	
	64QAM, 1/2
	N x 32/2
	...

	2
	QPSK, 1/8
	2N
	...

	
	QPSK, 1/6
	2N x 8/6
	...

	
	QPSK, 1/3
	2N x 8/3
	...

	
	QPSK, 1/2
	2N x 8/2
	...

	
	16QAM, 1/3
	2N x 16/3
	...

	
	16QAM, 1/2
	2N x 16/2
	...

	
	64QAM, 1/3
	2N x 32/3
	...

	
	64QAM, 1/2
	2N x 32/2
	...

	:

:

:


With chunk-dependent adaptive modulation, there exist various combinations of modulation for each number of chunks and the transport block size or code block length varies according to those combinations. As illustrated in table 2, the number of possible combinations of modulation orders and the corresponding code word lengths is much larger than that in case of chunk-common adaptive modulation. Moreover, it can be expected that the number of combinations increases dramatically as the number of chunks increases. This will make testing difficult and scheduler should make decision among large number of possibilities.

Another difficulty is that there is no exact way of defining BLER performance of an AMC combination since there can be various cases of SIR combination over multiple chunks even for one AMC combination. A scheduler should select an AMC combination which provides a target BLER based on current SIR values over multiple chunks, so the scheduler should know the BLER performances corresponding to the combinations of different SIR values of multiple chunks to support a chunk-dependent adaptive modulation. This seems to be impractical.

Table 2. Example of look-up table for scheduling (chunk-dependent modulation)

	# of chunks
	modulation & coding combination
	TrBlk size (approx.)
	SIR combination to obtain 1% BLER

	1
	QPSK, 1/8
	N
	...

	
	QPSK, 1/6
	N x 8/6
	...

	
	QPSK, 1/3
	N x 8/3
	...

	
	QPSK, 1/2
	N x 8/2
	...

	
	16QAM, 1/3
	N x 16/3
	...

	
	16QAM, 1/2
	N x 16/2
	...

	
	64QAM, 1/3
	N x 32/3
	...

	
	64QAM, 1/2
	N x 32/2
	...

	2
	QPSK, 1/8 & QPSK, 1/8
	2N
	?

	
	QPSK, 1/8 & 16QAM, 1/8
	3N
	?

	
	QPSK, 1/8 & 64QAM, 1/8
	4N
	?

	
	QPSK, 1/6 & QPSK, 1/6
	2N x 8/6
	?

	
	QPSK, 1/6 & 16QAM, 1/6
	3N x 8/6
	?

	
	QPSK, 1/6 & 64QAM, 1/6
	4N x 8/6
	?

	
	QPSK, 1/3 & QPSK, 1/3
	2N x 8/3
	?

	
	QPSK, 1/3 & 16QAM, 1/3
	3N x 8/3
	?

	
	QPSK, 1/3 & 64QAM, 1/3
	4N x 8/3
	?

	
	QPSK, 1/2 & QPSK, 1/2
	2N x 8/2
	?

	
	QPSK, 1/2 & 16QAM, 1/2
	3N x 8/2
	?

	
	QPSK, 1/2 & 64QAM, 1/2
	4N x 8/2
	?

	
	16QAM, 1/3 & 16QAM, 1/3
	4N x 8/3
	?

	
	16QAM, 1/3 & 64QAM, 1/3
	5N x 8/3
	?

	
	16QAM, 1/2 & 16QAM, 1/2
	4N x 8/2
	?

	
	16QAM, 1/2 & 64QAM, 1/2
	5N x 8/2
	?

	
	64QAM, 1/3 & 64QAM, 1/3
	6N x 8/3
	?

	
	64QAM, 1/2 & 64QAM, 1/2
	6N x 8/2
	?

	:

:

:


· Signaling aspect

As already mentioned in [1], Node B should signal modulation order for each chunk to a UE in downlink for a chunk-dependent adaptive modulation, while Node B need to signal only one modulation order a UE for a chunk-common adaptive modulation. This will increase the downlink signaling burden.

· Others

Some simplification of the chunk-dependent adaptive modulation may be considered. For example, code block lengths may be decimated so that only a part of the possible code block length set is used in actual scheduling. Some approximation is also needed in BLER estimation of each combination of modulation and SIR values. For example, modulation of each chunk may be selected independently from the modulation of other chunks. However, any kind of simplification or approximation will reduce the gain of chunk-dependent adaptation over the chunk-common adaptation.

It should be also noted that it may not be a frequent case that all the chunks within a radio frame are assigned to one UE. If the number of chunks assigned to a UE is small, then the achievable gain with chunk-dependent adaptation will be also small. Similarly, some part of the UEs will be assigned distributed frequency resources to get frequency diversity gain rather than frequency scheduling gain, which will reduce the overall system-level gain of chunk-dependent adaptation further.

3. Conclusions

As a conclusion, we don’t expect any benefits in chunk-dependent coding rate adaptation. In addition, actual benefits of chunk-dependent adaptive modulation are unclear at this stage. Therefore, we suggest assuming a chunk-common adaptive modulation and coding rate as a basic link adaptation scheme for EUTRA, and the gain of chunk-dependent adaptive modulation may be investigated further. It should be also noted that we need another discussion for the antenna-dependent link adaptation in multiple antenna transmission. Finally, we suggest including the related text proposal attached to the end of this document.
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Start of text proposal -------------------------------------

7.1.2.2

Link adaptation

For the frequency and time domain channel-dependent scheduling, modulation and channel coding (AMC) is adapted to the downlink channel quality of each UE in each sub-frame, and the modulation and channel coding within a sub-frame is common over the resource blocks dedicated to a same UE as shown in figure 7.1.2.2-1. It should be noted that a resource block may consist of either sub-carriers consecutive in frequency domain or sub-carriers dispersed in frequency domain. Alternatively, adaptive modulation dependent on each resource block even for a same UE should be investigated.
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Figure 7.1.2.2-1 AMC scheme for frequency and time domain channel-dependent scheduling
7.1.2.3

HARQ
End of text proposal --------------------------------------
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