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1 Introduction

In RAN1 [1], it was agreed to use R-PDCCH for type 1 half duplex RN to send control information to a RN. In [3] [4] a PDCCH with RN timing shift was described. This solution does not require R-PDCCH and the normal PDCCH can be used to send control information to RNs, at the cost of backhaul resources. In this contribution, the impact of reducing the amount of backhaul resources is quantified for a FDD system. In this manner, the system performance reduction due to the use of time-shifted PDCCH can be evaluated. A decision can then be made of whether this performance reduction is acceptable or not.
The R-PDCCH scheme has been widely discussed in RAN1. A description of it can be found, e.g., in [2]. The time-shifted PDCCH solution has been discussed in several contribution; e.g., in [3]. This solution consumes more backhaul resources than the R-PDCCH solution, but requires less standard changes. Note also that time-shifted PDCCH reduces the maximum achievable cell radius because of less backhaul resources available, and that the support for CoMP or MBMS is not obvious,
2 Evaluations
In this section we evaluate the end to end system level performance impact of various overheads.  We simulated several different numbers of RN, in the Case 1 environment. Also, the reference chosen is the no-relay case: for the no-relay case, the sum throughput and cell edge throughput are both set to one. Figure 1 illustrates the relative throughput gains and cell-edge throughput gains for several numbers of relays and several numbers of backhaul symbols available. 
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Figure 1: Relative cell edge and sum throughput performance for different overheads.  The number represents the number of RNs simulated for that point.

As it can be seen, and expected, reducing the number of backhaul symbols has a significant impact on the system performance. In order to more finely illustrate these results, the relative loss in system performance when the number of backhaul symbols is reduced is shown in Table1 and Table 2.   The reference case is that 11 symbols are available for backhaul: two symbols are used for the RN PDCCH and one for the TX/RX switching, which corresponds to a typical case for R-PDCCH usage.
The relative loss due to less backhaul is obtained by calculating Gains/Gains with less backhaul.
Table 1: Loss in relative sum Throughput Gains due to increased overhead
	Number of RN
	1
	3
	5
	10

	10 OFDM symbols for backhaul
	37%
	17%
	16%
	13%

	9 OFDM symbols for backhaul
	66%
	36%
	36%
	37%

	8 OFDM symbols for backhaul
	100%
	55%
	56%
	53%


Table 2: Loss in Cell Edge performance Gains due to increased overhead
	Number of RN
	1
	3
	5
	10

	10 OFDM symbols for backhaul
	8%
	8%
	4%
	12%

	9 OFDM symbols for backhaul
	10%
	25%
	11%
	25%

	8 OFDM symbols for backhaul
	19%
	51%
	16%
	32%


As it can be seen, the loss of performance is significant and increases quickly when the number of backhaul resources is reduced. For instance, using only 8 backhaul symbols incur a penalty of more than 50% on the sum throughput gain, for all the scenarios studied here. The loss in cell edge performance is significant as well. If time-shifted PDCCH is used, the number of punctured backhaul symbols really has to be minimized. However, even if the time shifted PDCCH design results in less backhaul symbols being available than R-PDCCH, it is still a viable solution that can be used when system performance is not an issue; e.g., when quickly deploying a network and wanting to make sure that adequate coverage is achieved. 

3 Conclusion

Both R-PDCCH and time-shifted PDCCH are solutions that can be used for RNs. However, when the major goal is coverage improvement, time-shifted PDCCH is an option. It has to be carefully designed though, because each additional symbol that is not available for backhaul significantly reduces the system performance.
Note also that this study was done for FDD only, and that for TDD, the feasibility of time-shifted PDCCH has yet to be studied.
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