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1. Introduction

In last RAN1 meetings, there were several link adaptation options proposed for E-UTRA downlink [1]-[5] 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 RB-dependent adaptive coding rate vs. RB-common adaptive coding rate
It is theoretically possible to apply different rate matching, that is, different puncturing rates or repetition factors to different resource blocks (RBs) assigned to a same UE within a radio sub-frame. However, if we assume a code block is spread over multiple RBs and the channel-coded bits are interleaved well before RB mapping, there is no big difference between RB-dependent coding rate and RB-common coding rate.

Figure 1 illustrates the code block transmission and reception process with and without RB-dependent coding rate, especially in case of applying puncturing. As shown in figure 1, after deinterleaving, higher and lower received SINR will be evenly distributed over received code block for both RB-dependent and RB-common adaptive coding rate strategies. Therefore, we don’t expect special gain by a RB-dependent adaptation of coding rate in a frequency-time scheduling.
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(a) with RB-common coding rate
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(b) with RB-dependent coding rate

Figure 1. Code block transmission and reception with and without chunk-dependent coding rate

In case of applying repetition, there may be a gain from reducing variation of received SINR values over a received code block by applying different repetition factors to the RBs through different radio channel responses. However, the possibility is limited only to the repetition case, and the actual gain is not expected to worth the complexity.
2.2 RB-common adaptive modulation vs. RB-dependent adaptive modulation

Figure 2(a) illustrates a coding chain with RB-common adaptive modulation, where the modulation and coding rate is common over the RBs assigned to a same UE within a radio sub-frame while figure 2(b) illustrates a coding chain with RB-dependent adaptive modulation, where modulation order of different RBs can be set different even for a same UE. We consider several aspects with these two alternatives.
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(a) with a RB-common adaptive modulation                (b) with a RB-dependent adaptive modulation

Figure 2. Coding chain with deferent link adaptation schemes
· Scheduling aspect

Operation of Node B scheduler is implementation-dependent. However, possible basic operation can be considered to understand the difference in scheduling of the two alternative AMC schemes.

Figure 3(a) depicts a possible scheduling operation in case of RB-common adaptive modulation. Node B scheduler should decide on the number of RBs and AMC to be assigned each UE. For a UE, scheduler may calculate the average SINR for each number of  RBs based on downlink SINR set reported by the UE, then obtain best AMC for each number of RBs referring to the SINR-AMC mapping table. In the end, scheduler may decide on which number of RBs should be assigned considering buffer status, multiple user, etc.
Figure 3(b) depicts a possible scheduling operation in case of RB-dependent adaptive modulation. Node B scheduler should decide on the number of RBs and AMC for each RB to be assigned each UE. In an optimum way, scheduler should find out the best combination of AMCs based on the combination of the received SINRs for each possible number of RBs for each UE. This requires a large table mapping the combination of received SINR values to the best combination of AMCs for each number of RBs, which would make Node B scheduler operation complex. Moreover, the large number of possible AMC set will make testing difficult. 
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(a) with a RB-common adaptive modulation
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(b) with a RB-dependent adaptive modulation

Figure 3. Examples of Node B scheduling operation
· Signalling aspect

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

· Others

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

It should be also noted that it would not be a frequent case that large number of RBs within a radio frame are assigned to one UE. Smaller the number of RBs assigned to a UE is, then the achievable gain with RB-dependent adaptation will be also smaller. 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 RB-dependent adaptation further.
3. Conclusions

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