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1
Introduction
In this document, we address the following issues:

· How should we map the virtual resource blocks (VRBs) to physical resource blocks (PRBs) in downlink?
· Tone level vs. RB level of granularity

The VRB(PRB mapping is assumed to be provided in the dynamic BCH.

2
Mapping DL VRB to PRB
In the downlink, there are two classes of transmissions:

· Frequency diverse scheduling (FDS) transmissions that rely on channel and interference diversity

· Frequency selective scheduling (FSS) transmissions that rely on at least channel selectivity

To efficiently multiplex both classes of transmissions within the same TTI, it is preferable to semi-statically separate the bandwidth allocation to frequency selective scheduling (FSS) and frequency diverse scheduling (FDS) users.
What we call in this document “subband” represents the granularity of bandwidth allocation to FSS and FDS users. This is shown in the upper part of Figure 1, wherein subbands {0, 1, 3} are intended for FSS users and subbands {2, 4} are intended for FDS users. The subband bit-map is indicated on dynamic BCH.
For maximizing the channel and interference diversity for FDS transmissions, we propose:
· Tone level granularity

· VRBs intended for FDS span the entire bandwidth allocated for FDS

· Fast tone hopping is applied within the FDS subbands

Alternatively, one could allow for multiple VRBs to span multiple PRBs in a non-contiguous manner. In other words, the mapping from VRB to PRB is at a RB level of granularity. However, as the number of allocated VRBs gets smaller, this scheme becomes less and less efficient. In the limit, if a UE is allocated only 1 VRB, there is no diversity.
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Figure 1

VRB ( PRB Mapping – Tone Level Granularity
3
Simulations
This section presents DL VoIP simulation results to compare the performance difference with the following configurations:

· Distributed transmissions

· Tone level granularity

· RB level granularity

· Inter-TTI hopping

· Intra-TTI (slot level) hopping
The simulation assumptions are in line with [1] and table 1 and 2 present the results:

	Case, D1
	VoIP Capacity
	% capacity increase

	
	RB level

Inter-TTI Hopping
	Tone level hopping
	

	50ms delay budget
	192
	202
	5.2

	100ms delay budget
	198
	209
	5.6


Table 1

 DL VoIP capacity: RB hopping/TTI vs. Tone level
	Case, D1
	VoIP Capacity
	% capacity increase

	
	RB level

Intra-TTI hopping
	Tone level hopping
	

	50ms delay budget
	200
	202
	1.0

	100ms delay budget
	202
	209
	3.5


Table 2

DL VoIP capacity: RB hopping/slot vs. Tone level
As we can see from the simulation results above, tone level hopping performance is always superior to that of RB level hopping. For 100ms delay budget, the gain ranges from 5.6% gain with inter-TTI hopping to 3.5% gain with intra-TTI hopping.
Further, we note the following:
· Interference diversity in partial loaded scenarios
· The interference diversity with tone-level distributed transmissions is much more compared to RB level distributed transmissions

· Impact of Rx antenna gain imbalance

· If the number of Rx antennas is reduced to 1 (if allowed in LTE) or the diversity antenna gain is lesser compared to primary antenna, the channel diversity diminishes substantially

From the standardization perspective, the only requirement to allow for a tone-level hopping in the DL is to introduce a VRB to PRB mapping that is signaled in e.g., the D-BCH. It poses no other constraints.
4
Conclusions

Based on the discussions in sections 2 and 3 we propose to adopt the following principles:

· DL VRB to PRB mapping

· Tone level of granularity

· Fast tone hopping applied within the FDS subbands

The benefits of tone-level hopping can be achieved with the only requirement to signal a VRB to PRB bit map in the D-BCH.
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