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1 Introduction

At meeting RAN1#61bis, a resource allocation scheme based on DVRB mapping was presented for CRS-based R-PDCCH [1]. When using CRS and when not doing frequency selective scheduling, it is necessary to pick up frequency diversity (FD) to ensure robust transmission. DVRB has been proven to provide non negligible FD gain for interleaved R-PDCCH in a previous contribution [2]. In this contribution, reusing Rel-8 DVRB allocation is described for non-interleaved R-PDCCH resource allocation. It is shown that DVRB based R-PDCCH resource allocation is compatible with Rel-8 Macro UE scheduling and supports flexible R-PDSCH resource allocation. Performance gains of DVRB transmission for non-interleaved R-PDCCH are quantified.

2 Resource allocation for DVRB R-PDCCH

For Rel-8, distributed resource allocation can be achieved by using type2 (DVRB), and type0/1. 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. In addition, considering the overhead of type0/1 is more than DVRB, and the resource granularity of type0 is RBG, which is not efficient for R-PDCCH to some extent; DVRB is a simple and appropriate way to pick up frequency diversity gain.

An example of DVRB allocation for non-interleaving based R-PDCCH is described in Fig. 1 with 
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=28. Using DVRB to allocate the DL grant and UL grant for each RN, for instance, the DVRB allocated in 1st slot are ‘13,14’ for RN3’s DL grants, and DVRB index ‘13’ in 2nd slot is for RN3’s UL grants. The other RNs’ DL grant and UL grant allocation are also shown in Fig. 1.  All the Rel-8 resource allocation types e.g. type 0/1/2 can be reused for the R-PDSCH frequency resource allocation. As described in the WF [3], “If the RN receives a resource allocation which overlaps a PRB pair in which a DL grant is detected in the first slot, the RN assumes there is PDSCH data transmission for it in the second slot of that PRB pair. Otherwise the RN assumes no data transmission for it in the second slot of that PRB pair. For an R-PDCCH PRB pair where RN detects at least part of DL grant in the first slot, RN shall assume the first slot of the R-PDCCH PRB pair is not used for data transmission.” In this way, RN can identify the R-PDSCH location according to its resource allocation information by type 0/1/2. 
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Fig. 1 The example of R-PDSCH resource allocation in type0/1/2 when using DVRB for R-PDCCH
3 Performance evaluation for non-interleaved R-PDCCH

In this section, we study the non-interleaved R-PDCCH performance with DVRB (distributed) and localized allocation. Herein, DVRB-based R-PDCCH is used for FD gain, while fixed RB allocation is used for localized R-PDCCH allocation. For one 40-bit R-PDCCH, 2 and 4 RBs in the 1st slot are assigned. Fig 2 shows the performance gain achieved by the DVRB without considering the interference. Obviously, for 2 RB and 4 RB allocation cases, DVRB-based allocation outperforms localized allocation. At 1% BLER, the gains are 0.5 dB and 1.1 dB respectively. It should be noted that when considering the interference, FD gain becomes more important.
Based on the above observations, DVRB should be used to obtain the frequency diversity gain of non-interleaved R-PDCCH.
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Fig. 2 Demodulation performance for non-interleaved R-PDCCH
4 Conclusions

In this contribution, reusing Rel-8 DVRB allocation for non-interleaved R-PDCCH resource allocation is described. It is shown that DVRB based R-PDCCH resource allocation is compatible with Rel-8 Macro UE scheduling and can support flexible R-PDSCH resource allocation. The DVRB diversity gain is quantified. Based on this analysis, we thus propose:

· DVRB transmission should be used for R-PDCCH.
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Appendix ．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 (50RBs)

	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 and RB-level rate matching

	RN deployment
	Fixed

	Channel model
	3km/h, NLOS scenarios, ETU.

	Channel estimation algorithm
	Realistic 2D-MMSE

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

	Carrier frequency
	2.0 GHz

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

	R-PDCCH RBs
	Fixed 2, 4 localized RBs

Distributed: Rel-8 DVRB-based 2 and 4RBs in 1st slot

	DCI payload

	40 bits 
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