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1 Introduction

At meeting RAN1#61, the following was discussed for the R-PDCCH interleaving with CRS [1]:
· Mode 1: Rel. 8 type of REG level interleaving across different R-PDCCHs in a PRB

· Separate interleavings for DL grants in 1st slots and UL grants in 2nd slots

· Mode 2: no interleaving across different R-PDCCHs in a PRB

· Both modes are supported when CRS is used for demodulation
As this way forward explicitly states, CRS based demodulation can be used for the R-PDCCH with two possible modes to pick up the frequency diversity (FD) gain or frequency selective (FS) gain, respectively [2-4]. Moreover, it makes sense to use distributed resource for further diversity gain improvement and it is natural to consider DVRB, which has been used for Rel-8 UE, for R-PDCCH allocation since it is compatible with macro UE scheduling [4].
In this contribution, we discuss the CRS-based R-PDCCH and evaluate the link level performances of R-PDCCH with DVRB (distributed) and localized allocation. 
2 DVRB-based R-PDCCH for FD gain
Interleaving has been shown to pick up frequency diversity gains for CRS-based R-PDCCH [2-4]. Several pros are mentioned: Robust, not rely on the feedback, that is typical for control channel; Reuse Rel-8, with diversity gain, simple for test and implementation. Possible good forward compatibility for mobile relay. However, the frequency domain location of the R-PDCCH has not been discussed. For Rel-8 LTE, distributed resource allocation is achieved by using DVRB. It is natural to consider the same scheme for R-PDCCH allocation since it is compatible with macro UE scheduling and will get some frequency diversity gain. For single VRB-pair total allocation (i.e., one PRB in frequency by one slot in time for each of the DL and the UL grants) the DVRB mapping works but does not provide any diversity gain, as the PRB for the DL grant remains by itself within the first slot (similar for the PRB for the UL grant on the second slot). To achieve interleaving within the first slot for the DL grant and within the second slot for the UL grant via DVRB, more than a single VRB-pair for the total allocation is needed. A simple example is shown in Fig. 1 for 1 VRB pair (i.e. DL0 UL0) and Fig. 2 for 2 VRB pairs (i.e. DL0 UL0 DL1 UL1, using the DVRB mapping rule defined in section 6.2.3.2 of [5]. For this example, the system BW is 50 RB and the first gap value are used. 
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Fig. 1 One VRB pair (DL0 UL0)
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Fig. 2 Two VRB pair (DL0 UL0 DL1 UL1)
3 Performance evaluation for CRS-based R-PDCCH
In this section, we study the performance comparison between R-PDCCH with DVRB (distributed) and localised allocation. Herein, DVRB-based R-PDCCH with interleaving is used for FD gain while fixed RB RB allocation is used for localized R-PDCCH allocation.. For DVRB-based R-PDCCH, 2 and 10 RBs in the 1st slot are assigned for the resource. For example, PRB0 and PRB12 will be used for DVRB while PRB0 and PRB1 will be used for localized allocation for the 2RBs case (as shown in Fig. 2). For all cases of DVRB or localized allocation, only one CCE with 40 bits is considered for the simulation. Moreover, for simplicity, 2D-MMSE channel estimation is carried out with full CRS within two slots. 
Fig. 3 shows that DVRB-based allocation outperforms localized allocation by about 1.7 dB gain at 1% BLER for 2 and 10 RBs, respectively. This implies that DVRB is a useful resource allocation scheme for R-PDCCH to achieve the further diversity gain. Note that with FS scheduling the gain is possible to further improve, but it may not always be possible to do so. The actual scheduling gain will be degraded by all kinds of non-ideal factors to some extent, In particular, it may be difficult in practice to apply PMI/scheduling to a control channel, if channel is unknown or varying.
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Fig. 3 Demodulation performance comparisons of between DVRB-based and localized R-PDCCH 
4 Conclusions
In this contribution, we study the performance for the CRS-based R-PDCCH. Note that the further diversity gain achieved by the DVRB allocation is considerable, we recommend that the DVRB should be adopted for R-PDCCH with interleaving and the R-PDCCH with FD gain should be accepted for backhaul link as a baseline. Moreover, CRS-based R-PDCCH with FS gain should be FFS by considering a reasonable and actual scheduling gain.
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Appendix A．Simulation assumptions for R-PDCCH 
Table 1 Simulation assumptions for R-PDCCH with full Rel-8 CRS
	Parameter
	Assumption

	Number of eNB antennas
	2 uncorrelated

	Number of RN antennas
	2 uncorrelated

	System bandwidth
	10 MHz (available RB num = 50)

	Frame structure 
	LTE Rel-8 FDD, Normal CP

	Transmission Mode
	LTE transmit diversity (SFBC)

	Modulation scheme

	QPSK

	Channel coding and rate

matching
	Same as Rel-8 PDCCH

	RN deployment
	Fixed

	Channel model
	3km/h, NLOS scenarios, detailed parameters are listed in R1-100559.

	Channel estimation algorithm
	Realistic 2D-MMSE

	Channel estimation granularity
	Rel-8 CRS: Full CRS within two slots

	R-PDCCH CCE aggregation level
	1 CCE with REG-based interleaving

	Carrier frequency
	2.0 GHz

	R-PDCCH OFDM symbols
	#3,#4,#5,#6 OFDM symbol in the first slot

	R-PDCCH RBs
	Fixed 2 or 10 localized RBs
Distributed: Rel-8 DVRB-based 2 and 10 RBs in 1st slot

	R-DCI payload

	40 bits (including 16 bits CRC) 
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