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1. Introduction
L1/L2 control signaling between a donor eNB and a relay node is currently under discussion in RAN1. Two main design approaches were proposed and discussed:
· R-PDCCH, i.e. the introduction of an additional control channel structure in Rel-10. 

· PDCCH, i.e. reuse of L1/L2 control channels already existing in LTE Rel-8.
It is straightforward that PDCCH can be used as Un control signaling with outband relaying or when there is sufficient antenna isolation between these two links. If there is no sufficient isolation (via frequency or antenna deployment), time-domain shifted frame structures make it possible even for an inband relay to receive the PDCCH from its donor eNB. However, the DL overhead seems to be a concern [1]. The current contribution also analyzes the DL overhead of timing shifting approach. Note that there is no difference between R-PDCCH usage and PDCCH re-use in uplink. 
2. Overhead comparison
For both PDCCH scheme and R-PDCCH scheme, an additional half-symbol shifting is assumed to reduce overhead for Rx-Tx and Tx-Rx switching. With this assumption, the R-PDCCH scheme corresponds to “DL case 1” in [2], while PDCCH scheme corresponds to “DL case 4” [2].
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Figure 1 Resource utilization example for R-PDCCH and PDCCH
Figure 1 illustrates the resource utilization of R-PDCCH and PDCCH when the number of OFDM symbols for the L1/L2 control region at the RN and at the eNB equals two. Both alternatives may cause some overhead, i.e., unusable RBs and/or OFDM symbols:
· R-PDCCH uses semi-statically assigned RBs inside the Rel-8 PDSCH region, causing overhead to both Un and donor Uu links. Besides the overhead due to the R-PDCCH, more OFDM symbols are unusable for the Un if the donor eNB L1/L2 control region is smaller than the RN L1/L2 control region, as illustrated in Figure 1. Note that Figure 1 illustrates a pure FDM multiplexing of the R-PDCCH, a hybrid TDM+FDM multiplexing would increase the potential overhead to the donor eNB Uu link because more RBs need to be set aside.
· PDCCH: due to the shifted subframe timings, the relay can not receive the last OFDM symbols of the Un subframe. This shift causes overhead to the Un link only. It does not cause overhead on the donor eNB Uu interface. 
As different alternatives result in different overhead on different links, in the following we analyze two scenarios with and without Uu transmissions in Un subframes.
2.1. Scenario 1: all resources in the Un subframe are used for donor Uu transmission
This scenario occurs when there is no data to be transmitted towards relays, so the Un subframe is used for donor Uu transmissions instead. Such a use case occurs, when relays serve only a few users, which do not fill up Un subframes permanently, e.g., when relays are deployed for coverage extension in rural areas, or with customer owned home relays.
With the R-PDCCH, some RBs in Rel-8 PDSCH region are semi-statically assigned for the R-PDCCH and hence can not be used for Rel-8 PDSCH. So R-PDCCH introduces some amount of overhead. On the contrary, if PDCCH approach is used, no extra resources are needed for Un control. The PDCCH does not introduce any additional overhead.
So in this scenario, PDCCH scheme is more efficient than R-PDCCH. 
2.2. Scenario 2: all resources in the Un subframe are used for Un transmission
This scenario occurs when the relay has a large amount of traffic, and the entire Un subframe is used for Un transmissions only. As no resources are allocated for donor Uu transmission, there is no downlink assignment for UEs in donor eNB. 
To compare the overhead of R-PDCCH and PDCCH, we define the following parameters:
· 
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n

: the number of whole-bandwidth OFDM symbols needed for UL grant in donor Uu (0…3, real number)
· 
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n

: the number of whole-bandwidth OFDM symbols needed for Un control (0…3, real number)
· 
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 : the number of OFDM symbols used for the L1/L2 control region at the RN access (1 or 2)
For the R-PDCCH approach, we assume FDM multiplexing. The resources left for R-PDSCH can be calculated for R-PDCCH and PDCCH respectively:
· For R-PDCCH
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· For PDCCH
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where 
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 to the nearest integers towards infinity.
The difference of these two alternatives in usable OFDM symbols for R-PDSCH can then be calculated as
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The difference is calculated and plotted in Figure 2 for different  n1, n2 and k. It can be draw from the plots that R-PDCCH is more efficient than PDCCH. The average difference is 1.29 symbols for k=1 and 1.40 symbols for k=2. When focusing on the most relevant area, n1 < 1 and n2 < 1, the difference between the R-PDCCH and the PDCCH is becomes even smaller.
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Figure 2 Difference in usable OFDM symbols for R-PDSCH
3. Conclusion
PDCCH and R-PDCCH schemes have their advantages in different scenarios:
· Using the PDCCH is more efficient when there is little Un data so that Un subframes can be used for Uu traffic
· Using the R-PDCCH is more efficient when there is lots of Un data so that Un subframe are filled up permanently
Considering also the standardization, implementation and testing effort, we propose the following:

Proposal 1
Support of PDCCH as Un control channel for inband relaying 
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