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Introduction

Type I Relays can use the MBSFN subframe on the link towards their UEs to support backhaul transmission in later part of the subframe. In [1], some aspects of backhaul control signaling and a way of multiplexing it with data were discussed and some of them were agreed as working assumptions in [2]. In this contribution, we present further discussions on some of these aspects.  
Backhaul DL control timing 
Due to MBSFN configuration, RN will first transmit PDCCH symbols in its own cell, and then switches from Tx to Rx mode to get prepared for backhaul reception. In [3], we have discussed on backhaul timing alignment aspects and it is preferred that backhaul control starting time is set as symbol #3 (the 4th symbol in subframe) for all RNs. Furthermore, we propose the following regarding the ending time of backhaul control signaling.

Proposal 1 The backhaul control ending time for all RNs should be the same and this timing is statically or semi-statically configured by DeNB.

Benefits of such proposal include, e.g., no need for any RN-specific signaling for timing indication, no control overhead due to any dynamic signaling, etc. One other benefit of the proposed way is that it facilitates the flexible multiplexing of R-PDCCH and R-PDSCH. One example of backhaul data/control mapping is shown in Fig. 1. In the figure, R-PDCCHs for all RNs begin at symbol #3 and end at symbol #4. R-PDCCHs for all the RNs are interleaved and mapped to the set of PRBs reserved for backhaul as shown in the figure. Assume RN #1 detects from R-PDCCH that there is not any DL data for itself in the reminder of the subframe, then it will stop buffering the data and ignore the remainder of the subframe. While for RN #3, from R-PDCCH it knows some frequency resources including PRB #j contains its R-PDSCH, and it can then collect all symbols after symbol #4 and decode the data. The unified control ending time simplifies such flexible backhaul data/control multiplexing. 
Further discussions on R-PDCCH and R-PDSCH multiplexing are presented in the next section. 
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Figure 1
Example of backhaul data/control mapping
Data and control multiplexing in backhaul DL
Both data and control for the RNs need to be mapped in the part of resources available for backhaul. Flexible multiplexing is favored due to resource efficiency.
Backhaul DL control should be mapped to the frequency resources in such a way that deep fading in wireless backhaul can be avoided. In the cases where backhaul fading channel status is known by DeNB dynamic scheduling of R-PDCCH on good PRBs is possible and will not only avoid deep fading but also provide frequency domain scheduling gain, similarly as for PDSCH. In other cases frequency diversity is a good tool to combat fading. Both cases can be implemented by interleaving the R-PDCCH over the set of assigned PRBs: in case of frequency domain scheduling one PRB or a few adjacent PRBs are used, in case of diversity some well separated PRBs are used. Thus we have the following proposal: 
Proposal 2 R-PDCCH should be mapped to one or multiple PRBs with frequency channel interleaving across all the allocated PRBs. To support both frequency domain scheduling and frequency diversity, the PRBs may be adjacent or well separated
Assume that in some cases R-PDCCH for certain RN is mapped to two well-separated PRBs for frequency diversity, and further assume that in total there are 11 symbols used for R-PDCCH per each PRB (i.e., all the symbols available for backhaul are used for R-PDCCH). Since backhaul link is rather stable and of good link quality, we may further assume backhaul requires not less than QPSK and rate 1/2 coding. Thus, ignoring overhead for reference signals, such a mapping is able to support up to 264 R-PDCCH bits including CRC. Since the average R-PDCCH payload size is likely to be far below this, we consider it to be a lack of resource efficiency when solely mapping R-PDCCH into certain PRBs. If, for some cases, we consider even mapping the control to up to 4 PRBs (if it is necessary to combat fading) the efficiency issue will be even more significant. Based on these discussions, we propose to use only a subset of the available symbols within the relevant PRBs for control signaling and utilize the remaining ones for R-PDSCH: 

Proposal 3 In certain PRB, R-PDCCH can be TDMed with R-PDSCH so that resource efficiency is improved.
R-PDCCHs Frequency-domain interleaving
In [1], it is agreed that to the extent possible R-PDCCH transmitter processing should reuse Rel-8 functionality, where PDCCH processing includes a frequency domain interleaving on a REG basis. Such interleaving may increase robustness against frequency selective fading and interference, and is done jointly for multiple PDCCH channels over the entire bandwidth in Rel-8. 

Proposal 2 in the last section shows our preference on mapping R-PDCCH to distributed PRBs with certain frequency interleaving, while several aspects are still FFS regarding detailed R-PDCCH transmitter processing, e.g., 

-R-REG size

-RN-common or RN-specific R-PDCCH searching space

-Frequency interleaving method

When considering the above aspects, we see the following aspects as important ones

-The backhaul link can be assumed to have relatively smaller delay spread compare to Macro cell UEs due to higher antenna height of relay. It can therefore be assumed that the coherence bandwidth typically experienced by the relay on the backhaul link could be rather large, which may impact the R-PDCCH frequency domain interleaving gains.

-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

Conclusion

In this contribution, we present discussions on backhaul DL data/control multiplexing aspect. Several proposals are made based on the discussions, as follows:

Proposal 1 The backhaul control ending time for all RNs should be the same and this timing is statically or semi-statically configured by DeNB.

Proposal 2 R-PDCCH should be mapped to one or multiple PRBs with frequency channel interleaving across all the allocated PRBs. To support both frequency domain scheduling and frequency diversity, the PRBs may be adjacent or well separated
Proposal 3 In certain PRB, R-PDCCH can be TDMed with R-PDSCH so that resource efficiency is improved.
We also discuss on frequency domain interleaving for backhaul control, and list several aspects for further consideration. 
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