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Introduction

Some R-PDCCH related aspects have been discussed from last Ran-1 meeting. In [1], we have proposed a way of multiplexing R-PDCCH and R-PDSCH. Also listed therein are some points to be taken into account when considering the interleaving method for R-PDCCH, e.g., 
- Reduced frequency domain interleaving gain due to rather flat channel response over backhaul.
- Potential impact of R-PDCCH frequency domain interleaving on macro cell scheduling gain

- Flexibility of multiplexing macro cell PDSCH on the PRBs within R-PDCCH searching space but not actually used for backhaul transmission.

In this paper, we provide further discussions on this aspect based on which some proposals are also made.  
Granularity for R-DCCH interleaving 
In [2] it is agreed that R-PDCCH transmitter processing should reuse Rel-8 functionality to the extent possible. In Rel-8, PDCCHs for UEs are extensively interleaved across the bandwidth to combat the interference as well as the deep fading in frequency domain. The basic granularity in Rel-8 PDCCH interleaving is resource element group (REG), which contains four consecutive sub-carriers in an OFDM symbol. 
As pointed out, R-PDCCH interleaving design shall consider several aspects among which is supporting flexible multiplexing of backhaul and macro cell DL. An example in Fig. 2 shows that simply reusing Rel-8 interleaving way will impact such multiplexing. As in the Figure, four REGs of a certain RN are interleaved and mapped to frequency resources. With a REG size of four REs, it is possible that REG of the RN may only occupy a fraction of the resources in a PRB (e.g., REG #k mapped to PRB #i), wherein the left parts will by no means be available for macro DL. The loss of multiplexing flexibility of backhaul and macro will reduce DL throughput for the cases where backhaul is not occupying the vast majority of resources in the subframe. One exception is that all REGs of different RNs happen to fall into the same set of PRBs, thus there is no resource wasting issue. But such kind of constraint will much complicate the backhaul design. 
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Figure 1
Example of R-PDCCH interleaving
On the other hand, we expect the backhaul link to have much better geometry compared with that of the eNB to UE link, and the backhaul link frequency domain response to be rather flat due to higher possibly of the existence of LoS component as well as smaller multipath delay spread. Also considering slow varying property of backhaul link, frequency domain scheduling of R-PDCCH may further reduce the possibly of encountering any deep fading. As a result we see no reason for having such small interleaving granularity for R-PDCCH as what is done in Rel-8 PDCCH.

Based on the discussions, we have the following proposal.
Proposal 1 R-PDCCH should be interleaved on the basis of a minimum granularity of 1PRB per OFDM symbol.
Need for joint R-PDCCHs interleaving
Given Proposal 1, there is then no real need for jointly interleaving multiple RNs’ R-PDCCHs as long as frequency resources for certain R-PDCCHs are well separated in frequency domain or are properly scheduled to good PRBs based on the CSI available at DeNB. 
We also see some potential issues for joint R-PDCCHs interleaving. For example, by joint interleaving generally each RN’s data will be TDMed with other RN’s control in same set of PRBs. This makes utilizing unified demodulation RS for both control and data to allow precoding on the R-PDCCH and R-PDSCH impossible. Furthermore, joint interleaving will likely result in distributed mapping of a RN’s R-PDCCH in frequency domain which means demodulation reference signal have to be available for all the PRBs allocated for backhaul even if the channel response can be rather flat. 
Based on these, we have one more proposal as the following. 

Proposal 2 There is no need for joint interleaving among multiple RNs’ R-PDCCHs.
Conclusion

In this contribution, we present discussions on interleaving of R-PDCCH over backhaul. Two proposals are made based on the discussions, as follows:

Proposal 1 R-PDCCH should be interleaved on the basis of a minimum granularity of 1PRB per OFDM symbol.

Proposal 2 There is no need for joint interleaving among multiple R-PDCCHs.
With the above two proposal we propose to further study the exact interleaving pattern as well as qualify the performance gain it can introduce.
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