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1 Introduction
R-PDCCH for RNs will be transmitted in the legacy PDSCH region, while supporting the backward compatibility. Therefore, it should be carefully considered how to multiplex among R-PDCCH, R-PDSCH, and PDSCH. Based on the previous discussions [1-5], reasonable approaches for R-PDCCH multiplexing schemes are FDM and FDM+TDM. 
In this contribution, we compare advantage and disadvantage of two multiplexing schemes, and show our preference according to comparison results.
2 R-PDCCH multiplexing 
· FDM 
In this scheme, R-PDCCH occupies the whole OFDM symbols within the PRBs allocated for R-PDCCH transmission. FDM can be a simple way to allocate resource for R-PDCCH transmission with little impact on scheduling flexibility for R-PDSCH and macro PDSCH. However, FDM multiplexing induces an increase in R-PDCCH decoding time, and correspondingly, R-PDSCH decoding latency will be increased. Therefore, it needs to be carefully investigated that this increased R-PDSCH decoding latency may cause the lack of HARQ processing time for ACK/NACK feedback on UL backhaul subframe especially for the case that the distance between donor eNB and RN is large. Moreover, FDM will be difficult to exploit frequency selective gain because multiple R-PDCCHs are probably multiplexed in an allocated PRB(s) for efficient resource usage.
· TDM+FDM
If TDM+FDM scheme is applied for R-PDCCH multiplexing with R-PDSCH, one or multiple OFDM symbols in a single or multiple PRB(s) are used for R-PDCCH transmission, and the remaining symbols are used for R-PDSCH as shown in Figure 1. In this scheme, RNs have relatively short decoding time compared with FDM, and thus, TDM+FDM enables to guarantee more HARQ processing time at RNs. And this scheme is also easy to exploit frequency selective gain on R-PDCCH transmission by allocating RN-specific R-PDCCH resource on its favourable band. However, resource allocation can be more complicated, but it can be solved by Primary and Secondary backhaul resource concepts as shown in Figure 1 and Rel-8 compatible resource allocation schemes.
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Figure 1. TDM+FDM-based RN-specific R-PDCCH allocation
· Our preference on the R-PDCCH multiplexing scheme
As described above, each multiplexing scheme has some advantage and disadvantage. However, considering the fixed RN scenario which is the first priority at this stage, it seems important to enable frequency selective R-PDCCH transmission efficiently for achieving selection gain under the stationary channel status of fixed RNs. Therefore TDM+FDM can be more desirable than FDM. Additionally, we can guarantee more HARQ processing time on TDM+FDM, and it brings lower burden on the RN HARQ process.
3 Other issues related to R-PDCCH multiplexing
· Start of OFDM symbol for R-PDCCH
The possible starting point of R-PDCCH can be changed according to the PDCCH size of both donor eNB and RN for a given DL bandwidth[6]. For example, assuming the DL bandwidth larger than 10 RBs, if the PDCCH size of a RN is 1 and the PDCCH size of donor eNB is 1 or 2 in a DL backhaul subframe, the 3rd symbol can be the start of OFDM symbol for R-PDCCH transmission. Otherwise, the 3rd symbol is not available and therefore, the starting symbol for R-PDCCH should be after the 4th symbol. Therefore, it is desirable to configure the start of OFDM symbol used for R-PDCCH semi-statically according to the PDCCH size of donor eNB and RN for both R-PDCCH multiplexing schemes. Or alternatively, if TDM+FDM is applied for R-PDCCH multiplexing scheme, it is also possible to fix the starting point of R-PDCCH to the 4th symbol and use the 3rd symbol for R-PDSCH transmission in available cases. 

· Interleaving among R-PDCCHs
Distributed R-PDCCH allocations are sufficient for exploiting diversity gain since fixed or nomadic scenarios are mainly focused in this stage. Interleaving among R-PDCCHs can make multiplexing among R-PDCCH, R-PDSCH and macro PDSCH more complicated regardless of the multiplexing schemes. In case of FDM, the interleaving among R-PDCCHs can be necessary to avoid waste of resource because the amount of REs is too large to be allocated to a single R-PDCCH. Therefore, we prefer to FDM+TDM to avoid the intra-PRB interleaving.
4 Conclusion
We investigated the features of two different R-PDCCH multiplexing schemes, i.e. FDM and TDM+FDM. In aspect of exploiting frequency selection gain for stationary channel status of fixed RNs and guaranteeing adequate R-PDSCH decoding time, we proposed TDM+FDM can be the baseline of R-PDCCH multiplexing scheme. Additionally, some other issues, i.e., starting point of R-PDCCH and intra-PRB interleaving for R-PDCCH are described. These points should be considered together when discussing the multiplexing schemes.
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