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1 Introduction

In the last WG1 meeting, it was agreed that a virtual resource block pair of distributed type (DVRB pair)  for downlink transmission should be mapped on resource elements (REs) in Nd different physical resource block pairs (PRB pairs). Furthermore, there are two allowed values of Nd: Nd =2 and Nd =3. 

For Nd =2, the first DVRB in the DVRB pair is mapped on one PRB in the first slot of the sub-frame and the second DVRB on one PRB in the second slot of the sub-frame. The two PRBs are located at different frequencies, and the mapping is denoted slot-based hopping. 
For Nd =3 the mapping is still to be defined. In general, the mapping can be described in two independent steps:

Step 1: The set of PRB pairs into which a DVRB pair is mapped.
Step 2: The set of REs within the set of PRB pairs onto which a DVRB pair is mapped. 

Several proposals have been made for the mapping for Nd =3. The first step in the mapping was considered in e.g. [1-3] and the second step in the mapping has been treated in e.g. [4-9]. 
Link-level simulation results have shown that Nd =3 provides additional frequency diversity gain compared to Nd =2, see e.g. [7]. It has also been shown during the study item phase of LTE that cell-specific mapping improves performance when several cells are considered [10] because of interference randomization.
Interference randomization can be obtained within a sub-frame by cell-specific mapping in Step 1 and/or Step 2. A detailed proposal for cell-specific mapping in Step 2 has been provided in [4]. Interference randomization may also be obtained over several sub-frames by cell-specific scheduling, i.e. by cell-specific allocation of DVRB pairs. However, for persistent scheduling a grant is valid for several transmissions and it is not clear to what extent cell-specific scheduling can be combined with low signalling overhead. 

In this contribution we present multi-cell link-level simulation results for Nd =3 with mappings in [4] and [5] (same in Step 1 but different in Step 2), as well as for the agreed mapping for Nd =2.
2 Simulation Setup
The mapping schemes have been evaluated by means of multi-cell link-level simulations. Statistics are collected from one cell with six interfering cells in the first tier. The transmit power is equal in all cells.
The BLER is evaluated versus geometry factor G=S/(I+N) where S is the average received total power of from the own cell, I is the average received power from other cells, and N is the noise power. In the simulations, N=I. Other simulation parameters are given in Table 1.
Table 1 Simulation parameters

	Transmission BW
	5MHz

	Carrier frequency
	2GHz

	Sub-carrier spacing
	15kHz

	Number of occupied sub-carriers
	288 (DC sub-carrier is null.)

	Number of OFDM symbols per sub-frame
	14

	Number of OFDM symbols reserved for PDCCH
	2

	Channel Estimation
	Realistic

	Transport bit block size (including CRC)
	132 ( 1 VRB-pair), 264 (2 VRB-pairs)

	Channel coding/decoding
	½-rate Turbo code /

Max-Log-MAP decoding with 8 iterations

	HARQ
	No

	Modulation
	QPSK 

	Channel environments
	6-path Typical Urban 30km/h

	Antenna configuration
	2 transmit antenna, 2 receive antenna (SFBC)


Three different mappings are considered: 

1. Slot-based hopping with Nd =2.
2. Symbol-based hopping as in [5] with Nd =3.

3. Cell-specific mapping as in [4] with Nd =3.

Step 1 of the mapping of the VRB pairs is performed as follows:

For Nd=2, VRB pair i is mapped on PRB i in the first slot and PRB (i +12) mod 24 in the second slot.

For  Nd =3, VRB pair i is mapped on PRBs i, (i +8) mod 24 and (i +16) mod 24. Hence, the symbol-based hopping and the cell-specific mapping differ only in Step 2.

The mappings are illustrated in Figures 1-3.
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Figure 1 Slot-based hopping
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Figure 2 Symbol-based hopping
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Figure 3 Cell-specific mapping 
The allocation of VRB pairs (scheduling) is either cell-common or cell-specific. With cell-common allocation, the same VRB pairs are allocated in all cells and in all sub-frames, whereas for cell-specific allocation, the VRB pairs are allocated according to cell-specific hopping sequences ranging over all VRB pairs. The load factor is measured as the number of allocated VRB-pairs per sub-frame divided by the total number of VRB-pairs in a sub-frame.
3 Simulation Results

The simulation results are shown in Figures 4 and 5, for load factors of 25 % and 50 %, respectively. From the Figures we first observe that for cell-common scheduling there is a gain of at least 0.5 dB at BLER = 0.1 for both mappings with Nd =3 compared to slot-based hopping with Nd =2. With cell-specific scheduling, the gain is at least 0.2 dB. It should be noted that this gain appears although there is already transmit antenna diversity.
For cell-common scheduling there is a 1.4 dB gain for cell-specific mapping compared to symbol-based hopping at 25 % load factor (Figure 4), whereas for 50 % load factor (Figure 5) the gain is 0.9 dB. With cell-specific scheduling the difference between all mappings at BLER=0.1 is within 0.6 dB, but the cell-specific mapping still performs best. Finally, from the Figures one can see that interference randomization is equally well obtained by cell-specific mapping as by cell-specific scheduling.
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Figure 4 BLER vs G for the three mappings at 25 % load factor, transport block size = 132 bits.
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Figure 5 BLER vs G for the three mappings at 50 % load factor, transport block size = 264 bits.
4 Conclusion
From the simulation results we conclude that 

· mappings with Nd =3 provide a substantial gain compared to Nd =2 and should therefore be supported. 
· interference randomization by cell-specific mapping for Nd =3 improves the performance compared to symbol-based hopping. 
· interference randomization is equally well obtained by cell-specific mapping as by cell-specific scheduling but without extra signaling overhead required for cell-specific persistent scheduling.
We propose to specify the cell-specific mapping in [4] for Nd =3 in TS 36.211. 
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