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1 Introduction

Downlink frequency diversity transmission is useful in case frequency selective scheduling gain is not achievable e.g., due to high doppler. For the frequency diversity transmission, resource block(RB)-wise distributed transmission scheme has been proposed by some companies, where multiple physical RB’s (PRB) are assigned for the diversity transmission and a distributed virtual resource block (DVRB) is mapped to resource elements (RE’s) of the PRBs. 
Another candidate of the diversity transmission scheme for EUTRA downlink could be RB hopping which is currently being as a working assumption in uplink. 
In this document, we compare the RB hopping and the resource block(RB)-wise distributed transmission from the perspective of link performance, throughput, and complexity. 

2 Downlink frequency diversity transmission schemes
Two kinds of DL diversity transmission schemes are considered, RB-wise distributed transmission (hereafter referred to as DT for convenience sake) and resource block hopping (RBH).
DT (Distributed Transmission)
More than one physical resource blocks (PRB) scattered across the entire bandwidth are reserved or scheduled for the distributed transmission. Virtual resource block (VRB) is mapped to the RE’s of the multiple PRB’s assigned to the distributed transmission. An illustration is shown in Figure 1 a). Note that to support frequency diversity and selective transmission, two different VRB to PRB mapping rules need to be defined.
RBH (Resource Block Hopping)
VRB is directly mapped to physical resource block. Resource block hopping within a subframe across the entire bandwidth is applied to capture the frequency diversity. The RBH may span smaller number of PRBs within a subframe than the DT in case of a small assignment. An illustration is shown in Figure 1 b). In this RBH, VRB to PRB mapping rule is common for both frequency diversity and frequency selective transmission. The only difference between these is whether or not RB hopping is applied. 
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Figure 1. DL frequency diversity transmission schemes: Distributed Transmission (DT) vs. Resource Block Hopping (RBH)
3 Performance results
3.1 Simulation assumptions
In this section, we provide the performance comparison results between the DT and the RBH. We evaluate the cases where 1 and 2 RB’s are assigned to packet transmission so that we can see the maximum performance difference between DT and RBH. Note that it was proposed by companies to assign 2 RB’s for a VoIP packet in talk period. Details of link simulation parameter are shown in table 1. Total 4 cases are simulated as shown in Figure 2. The first two cases, case I and II are for 1 RB assignment. 2 and 3 PRB’s are used for the DT in case I and II, respectively. The next two cases, case III and IV are for 2 RB assignment. 4 and 6 PRB’s are used for the DT in case III and IV, respectively.
Table 1: Simulation parameters
	Transmission bandwidth (MHz)
	5

	IFFT size
	512

	Number of subcarriers
	300

	Subcarrier spacing (MHz)
	15kHz

	subframe duration (ms)
	1.0 (14 OFDM symbols)

	Sampling frequency (Mhz)
	7.68

	Modulation
	QPSK

	Code rate
	1/2 for the initial transmission

	Number of antennas (Tx, Rx)
	(1,2)

	Channel model
	6-ray Typical Urban

	UE speed (km/h)
	3

	Pilot structure
	Every 6 subcarriers in the 1st and 5th OFDM symbol

	Channel estimation 
	Ideal

	Hybrid ARQ
	ON (up to 8)
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Figure 2. Simulation Scenario: a) 1 RB assignment & 2 PRB’s for DT, b) 1 RB assignment & 3 PRB’s for DT, c) 2 RB assignment & 4 PRB’s for DT, d) 2 RB assignment & 6 PRB’s for DT
3.2 Simulation results
Performance results for case I, II, III, and IV are shown in Figure 3, 4, 5, and 6, respectively. It is observed that DT and RBH show the exactly same performance in case I and III as the frequency diversity order is same, i.e., 2 and 4, respectively. Even in case II and IV where DT has higher diversity order than RBH, these two schemes also show very similar link and throughput performance due to HARQ which provides another form of diversity.
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Figure 3. Performance comparison of DT and RBH for case I: 1 RB assignment & 2 PRB’s for DT
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Figure 4. Performance comparison of DT and RBH for case II: 1 RB assignment & 3 PRB’s for DT
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Figure 5. Performance comparison of DT and RBH for case III: 2 RB assignment & 4 PRB’s for DT
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Figure 6. Performance comparison of DT and RBH for case IV: 2 RB assignment & 6 PRB’s for DT
4 Summary
In this document, we compared two frequency diversity transmission schemes for EUTRA downlink, RB-wise distributed transmission and RB hopping. Simulation results show that these schemes provide very similar performance. As the RB hopping is much simpler than RB-wise distributed transmission in terms of VRB to PRB mapping rule as well as implementation, we propose to adopt RB hopping as the diversity transmission scheme in EUTRA downlink. 
Once the RB based hopping is adopted for DL data transmission, the following issues should be further studied in order to multiplex two different transmission schemes in a subframe in FDM manner, frequency diverse transmission (FDT) and frequency selective transmission (FST), which is a working assumption in RAN1,;
· Resource partitioning between FDT and FST
· Hopping patterns for the FDT
· FST design considering the potential discrepancy between the resource allocation unit (one RB at minimum) and the CQI reporting (or frequency selective scheduling) unit, e.g., RB hopping across slot boundary within a subframe within the bandwidth corresponding to the CQI reporting BW.
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