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1 Introduction

The amount of resources available for data transmission changes across sub-frames because of the dynamic variation of resources used for control signaling, depending on, e.g., how many OFDM symbols are used for control in the DL and whether UL control is multiplexed with data in the resources assigned to data.

However, there could be mismatch between eNB and UE on the amount of REs used for control due to e.g., error on CCFI in DL and missed DL grant which requires an ACK/NACK feedback.
In this contribution, we first discuss what happens for data transmission if there is mismatch between eNB and UE on the amount of resources assumed to be used for control signaling. We then propose a data symbol to RE mapping rule that is robust against errors on the amount of resources available for data. 
2 What happens in case of error on CCFI or DL grant missing?
Figure 1 illustrates what happens for DL data transmission in case of a CCFI error at a UE. In Figure 1 it is assumed that coded symbols selected for a HARQ transmission are mapped from the first OFDM symbol available for data, i.e., very next to the last control-bearing OFDM symbol. The position of the first OFDM symbol available for data is signaled by CCFI. What happens if there is an error on CCFI at UE, e.g., n = 1 to 3, where n denotes number of OFDM symbols used for control in DL? Then, the first K coded symbols will be lost, where K equals to (the number of REs available for second and third OFDM symbol in the sub-frame) x (modulation order). Then, the remainder of the total symbols selected at eNB will be mapped to wrong positions in the circular buffer at UE.
The problem described above will not happen for dynamic scheduling where the PDCCH is always transmitted together with the PDSCH and the PDCCH would never be successfully decoded due to different CCE to RE mapping for different CCFIs. 
Similar problem occurs in the uplink as well. When the eNB sends a DL grant to a UE and there are UL resources granted for data transmission at the sub-frame corresponding to the ACK/NACK feedback timing, the eNB expects that the UE will send the ACK/NACK by puncturing some of the resources assigned to the UL data transmission. However, the UE would not puncture the resources of UL data if the DL grant is missed. 
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Figure 1. What happens for DL data transmission in case of error on CCFI reception at UE
3 Proposed rule for HARQ symbol to RE mapping
In this section, we propose a HARQ symbol to RE mapping rule, which is robust against the mismatch between eNB and UE on the amount of resources available for data transmission. 
Figure 2 describes the proposed mapping rule. Total resources, in resource block(s) assigned, are divided into two parts, Region I and Region II. Region I corresponds to the resources, which cannot be used for control transmission, e.g., 4th OFDM symbol through 14th OFDM symbol of a sub-frame in downlink. Region II corresponds to the resources, which can be potentially used for control transmission, e.g., 1st OFDM symbol through 3rd OFDM symbol of a sub-frame in downlink. The proposed mapping rule is that HARQ symbols for a transmission are first mapped to Region I and then mapped to Region II. In the proposed mapping, the variation in the amount of resources actually used for control does not affect the mapping of symbols to Region I. Therefore, packet decoding could be successful through received symbols from Region I, even in the case of CCFI error or DL grant missing.
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Figure 2. HARQ symbol to RE mapping rule proposed
Figure 3 illustrates the proposed HARQ symbol to RE mapping in DL. In this example, it is assumed that one OFDM symbol is used for DL control transmission. According to the rules introduced in Figure 2, data symbols are first mapped to the REs in Region I in increasing order in time, i.e., from the 4th OFDM symbol to 14th OFDM symbol of the sub-frame. Then, they are mapped to the REs available for data transmission in Region II in decreasing order in time, i.e., from 3rd OFDM symbol to 1st OFDM symbol of the sub-frame. The reason why the decreasing order is used in the mapping of Region II is that the probability of each OFDM symbol being used for control transmission among the first three OFDM symbols decreases as OFDM symbol index increases, i.e., the 3rd OFDM symbol is used with the lowest probability among the first three OFDM symbols. This implies that we could further reduce the impact of the CCFI error if we apply the decreasing order in time for Region II. 
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Figure 3. Illustration of the proposed HARQ symbol to RE mapping in DL
The same rule can be applied to the uplink data symbol to RE mapping. Figure 4 illustrates Region I and II in uplink SC-FDMA symbols. According to the proposed rule described in Figure 2, HARQ symbols are mapped to Region I through Region II. 
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Figure 4. Illustration of Region I and II in uplink
4 Summary
In this contribution, we discussed what happens to the data transmission if there is mismatch between eNB and UE on the amount of resources assumed to be used for control. 
There would be critical performance degradation for data transmission if there is mismatch between eNB and UE on the amount of REs used for control due to e.g., error on CCFI in DL or missed DL grant in the UL.

We propose the following rule for data symbol to RE to be robust against the errors on CCFI or DL grant missing:
“Data symbols are first mapped to the resources which are never used for control transmission, then mapped to the resources which can be potentially used for control.”
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