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1 Introduction
In recent meetings, some contributions were intensely discussed and several specializations were agreed on R-PDCCH, but there are still some problems to be discussed. For instance, starting point for R-PDCCH, resource assignment for R-PDCCH transmission, whether R-PHICH is used or not, etc. Most companies all support R-PDCCH design schemes should reuse Rel-8 functionality to the extent possible, but they may be simplified if some procedures are necessary. Basing on this principle, we will discuss the above problems, and these problems are important to design efficient control channel.
2 Discussion

2.1 Starting point for R-PDCCH
It has been agreed that for the R-PDCCH, “is transmitted starting from an OFDM symbol within the subframe that is late enough so that the relay can receive it”. Now, there are three solutions:
· RN assumes maximum number of eNB PDCCH symbols.
· RN is notified via RRC signalling including maximum number of eNB PDCCH symbols.
· RN reads eNB PCFICH by shifting access link. (like staggering of backhaul and access link)
For the first solution, RN shall always assume that number of OFDM symbols for PDCCH when 
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 is 4. Therefore, the preferable starting of RN’s control and traffic is 4th or 5th OFDM symbol. When the number of DL PRBs is less than 10, RN starts receiving its control and traffic from 5th OFDM symbol, otherwise, RN starts receiving its control and traffic from 4th OFDM symbol. Here, only a few frequency resources are wasted inside wait symbol but this isn’t crucial.
For the second solution, PCFICH is dynamically noticed in each subframe for adapting to changeful PDCCH. Although RN can obtain the maximum numbers of symbols used for PDCCH due to RRC signaling form eNB, this solutions is not preferable because RRC signalling is semi-static. Unless PCFICH keep invariable until the next RRC signalling, but this badly limit efficiency of PDCCH.
For the third solution, this likes “With staggering” mentioned in former meeting for RN can receive eNB’s PCFICH and PDCCH as seen in Figure 1. A visible disadvantage is interference between R-UEs PDCCH and M-UEs PDSCH.
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Figure 1: Backhaul link control channel structure
2.2 Resource assignment for R-PDCCH transmission
It has been agreed that for the R-PDCCH, “Within the PRBs semi-statically assigned for R-PDCCH transmission, a subset of the resources is used for each R-PDCCH. The actual overall set of resources used for R-PDCCH transmission within the above mentioned semi-statically assigned PRBs may vary dynamically between subframes. These resources may correspond to the full set of OFDM symbols available for the backhaul link or be constrained to a subset of these OFDM symbols. The resources that are not used for R-PDCCH within the above mentioned semi-statically assigned PRBs may be used to carry R-PDSCH or PDSCH”. This means that R-PDCCH is semi-statically assigned in frequency domain and dynamically or semi-statically varied in time domain. Therefore, semi-static and dynamic signalling need be studied. Because it is necessary to obtain these signallings before RN can demodulate R-PDCCH, it should be carried on the certain physical channel, e.g, R-PBCH or R-PCFICH. There are three appropriate schemes: 
· R-PBCH semi-statically assigns the number and position of RBs in frequency domain and R-PCFICH (like PCFICH) dynamically assigns the number of OFDMs in time domain.
· R-PBCH semi-statically assigns the number and position of RBs in frequency domain and the number of OFDMs in time domain.
· R-PCFICH semi-statically assigns the number and position of RBs in frequency domain and the number of OFDMs in time domain.

Obviously, the first scheme has more flexibility due to dynamical R-PCFICH. To reduce overhead of R-PCFICH, R-PCFICH can be also periodically transmitted (i.e., R-PCFICH may assign the number of OFDMs in one or more later subframes), or R-PCFICH can adopt higher-order modulation due to better channel quality of the backhaul link.
2.3 R-PHICH is used or not
There is an argumentative problem on whether existing R-PHICH or not, however, they have respective advantage and disadvantage. If it has not special PHY channel to carry ACK/NACK, i.e., backhaul UL HARQ has to be operated via R-UL grant. Obviously, adaptive HARQ depending on R-UL grant has more flexibility in operations than explicit ACK/NACK, but the main advantage of explicit ACK/NACK over adaptive HARQ is the need for less control signalling. Considering better channel quality of the backhaul link, the average number of HARQ retransmission for UL backhaul link is smaller than UL direct link or access link, and this means that explicit ACK/NACK is more effective than adaptive HARQ because of channel quality of the backhaul link. Therefore, R-PHICH needs to be introduced for backhaul link.
Currently, LTE-A supports UL single user spatial multiplexing, meaning that up to two transport blocks can be transmitted from a scheduled UE in a subframe per UL component carrier, i.e., UL RN may be also support spatial multiplexing. In other words, each transport block may have its own ACK/NACK feedback signaling and a direct way is QPSK modulation corresponding to 2 bits ACK/NACK as seen in Figure 2. Here, backhaul DL ACK/NACK shall be bit-wise or symbol-wise repeated and multiplied with an orthogonal sequence, this will result in the number of RNs multiplied in one R-PHICH group become less. However, this may not be a serious issue because the number of RN in system is expected to be smaller than that of UEs.
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Figure 2: R-PHICH with QPSK modulation

3 Summary
Several aspects regarding to control channel were discussed. In this contribution we proposed:
· Starting point for R-PDCCH
· When the number of DL PRBs is less than 10, RN starts receiving its control and traffic from 5th OFDM symbol
· Otherwise, RN starts receiving its control and traffic from 4th OFDM symbol
· Resource assignment for R-PDCCH transmission
· R-PBCH semi-statically assigns the number and position of RBs in frequency domain and R-PCFICH (like PCFICH) dynamically assigns the number of OFDMs in time domain.

· R-PHICH is used or not

· Explicit R-PHICH adapt to channel quality of the backhaul link
· The design scheme of PHICH can be reused
· QPSK modulation corresponding to ACK/NACK of two transport blocks
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