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1 Introduction

So far, RAN1 has considered two types of inband Relay Node (RN). At least Type 1 relay requires discussion on the design of L1/L2 control information from the donor eNB to RN(s). This document discusses the placement of such L1/L2 control information in the PDSCH region in the subframe where the backhaul is used for DL.
2 Discussion
In TR36.814[1], it was captured that a Type 1 relay is an inband node, i.e. the donor eNB to relay link (= backhaul link) shares the same band with donor eNB to d-UE links. Furthermore, Rel-8 UEs should be able to connect to the donor eNB as well as to the RN.
In order to support a link between a Type 1 RN and Release 8 UEs, to use MBSFN subframes to maintain connectivity was agreed. Therefore the RN has to transmit the PDCCH in the first two OFDM symbols, where consequently the RN cannot receive the PDCCH (including PCFICH and PHICH) from its donor eNB. A new L1/L2 control channel (R-PDCCH) design located in PDSCH region is necessary for the eNB to send control information to the RN. Several R-PDCCH placements were discussed in [2]-[12]. 
2.1 Placement of R-PDCCH 
"Within the PRBs semi-statically assigned for R-PDCCH transmission, a subset of the resources is used for each R-PDCCH." is agreed [1]. Therefore the placement of R-PDCCH is restricted to only some RBs. For the placement of R-PDCCH in the time/frequency grid, we consider the following two alternatives. The example of the illustration is showing in fig 1. In both options, in the RB where no R-PDCCH is allocated in the subframe, the RB can be used for R-PDSCH, PDSCH for rel 8/non-rel 8 UE. If some dynamic signalling is provided for non-rel 8 and/or RN, in the RB where R-PDCCH is dynamically allocated in the subframe, the RB can be also used for R-PDSCH and PDSCH for non-rel8 UE modified in such condition. 
· TDM + FDM hybrid placement,
R-PDCCH is placed from the earlier OFDM symbols and end in some specific OFDM symbol before the last symbol of subframe. For simplification and potential easier use for non R-PDCCH usage within a RB, we may consider the option to place only within the first slot. 
· Pure FDM placement,
R-PDCCH is placed from the earlier OFDM symbol to last OFDM symbol of the subframe. If the last OFDM symbol of the subframe is required as a guard period for switching between reception and transmission at the RN, the last OFDM symbol used for R-PDCCH is the second-but-last OFDM symbol of the subframe.
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(a) TDM + FDM hybrid                                                 (b) Pure FDM

Fig. 1 Placement of R-PDCCH and PDSCH
2.2 Characteristics of the placement schemes
· Resource sharing between R-PDCCH and PDSCH for rel8 UEs
In TDM+FDM hybrid placement and pure FDM placement, PDSCH for rel 8 is possible in the RBs where no R-PDCCH is placed in the subframe.
· Power sharing between R-PDCCH and PDSCH

In TDM +FDM hybrid placement, power sharing between the R-PDCCH and PDSCH is possible. However, if the R-PDCCH is boosted, the power of the PDSCH should be reduced in the corresponding OFDM symbols.  The power of the PDSCH for rel8 UEs should be reduced in all OFDM symbols since the rel 8 UE assumes that the transmission power does not change during a subframe in case of higher order modulation. Therefore, power sharing between R-PDCCH and PDSCH is not so efficient. 
In pure FDM placement, Power sharing can be easily supported since the power of R-PDCCH can be constant during a subframe. The coverage of the R-PDCCH in this case can be larger than the others since eNB can allocate more power for R-PDCCH than the others. On the other hand, if the required amount of the power for R-PDCCH is small, the remaining transmission power can be used for the PDSCH.
· Decoding delay 
In TDM + FDM hybrid placement, the RN can start decoding the R-PDCCH earlier than in pure FDM placement. The difference of starting time for R-PDSCH decoding between TDM + FDM hybrid placement and pure FDM placement depends on the last OFDM symbol of the R-PDCCH. When the R-PDCCH ends at 4th OFDM symbol, the processing time gain against pure FDM placement is 0.714 ms. When the R-PDCCH ends at the 7th OFDM symbol, the processing time gain against pure FDM placement is 0.5 ms. 
The decoding delay of R-PDCCH has an impact on the start time of the R-PDSCH decoding. The power consumption constraints of an RN would be relaxed compared to those of a UE. It would consequently be feasible to have a faster decoder using a higher operating frequency in the RN. Therefore, faster decoding R-PDCCH and R-PDSCH would be more feasible than for a UE.  Such aspect should be taken into account for the design and placement of the R-PDCCH.
· Frequency and interference diversity gain
The frequency/interference diversity gain depends on the distribution of the R-PDCCH. Both the TDM + FDM hybrid placement and the pure FDM placement can obtain sufficient frequency/interference diversity. 

· Relation to the beam forming 
We expect that beamforming of R-PDSCH is important. In order to obtain proportional gain from R-PDSCH, to consider the beamforming gain of R-PDCCH is one area of study. In TDM+FDM hybrid placement, R-PDCCH and R-PDSCH can be allocated in one RB. Therefore, we need to consider whether the same beam (same DMRS) for R-PDCCH and R-PDSCH is mandatory or not. In case the system allows that R-PDCCH and R-PDSCH use different beams, we should make sure the number of DMRS is enough to demodulate each of R-PDCCH and R-PDSCH. In case the system mandates that R-PDCCH and R-PDSCH use the same beam, the amount of DMRS might be relaxed because it allows to use DMRS in the second slot for R-PDCCH demodulation. On the other hand, it increases the delay of R-PDCCH decoding. This vanishes one merit of TDM+FDM hybrid i.e. the reduction of the delay. It also has high restriction on the scheduling of donor eNB. 
In pure FDM placement, the beam of R-PDSCH can be set independently from R-PDCCH.

Therefore, the beam forming aspect would impact the discussion on TDM+FDM placement or FDM placement. This aspect should be studied further. 
According to above discussion, we propose to further continue the discussion on the required degree of TDM taking into account the trade-off on power sharing and decoding delay.
3 Summary 
We propose to further continue investigating the required degree of TDM taking into account the following trade-off points:
- the amount of power sharing flexibility between L1/L2 control channel from donor eNB to RN and PDSCH. 

- the need for latency reduction for decoding of the R-PDCCH and R-PDSCH.
- the impact of beamforming for R-PDCCH and R-PDSCH.
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