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1
Introduction
Frequency Diverse Scheduling (FDS) in the DL of E-UTRA targets maximizing frequency diversity at the same time as attaining good levels of interference averaging.

Different proposals have been discussed ranging from a randomly hopped structure at the OFDM symbol and tone level, to a transmission strategy with transmissions distributed at the resource block (RB) level with one hop at the slot boundary.
2
Background

This background section goes over the specifics of different transmission strategies for FDS allocations.
2.1
OFDM symbol and tone level hopping (Nd=NDPRB)
The main features of this FDS transmission strategy are:

· Maximum order of interference and frequency diversity

· Requires the notion of “virtual” resource block

· Virtual RB (VRB) is defined as a set of resources that are mapped to physical elements in a distributed fashion

· Requires semi-static partitioning of localized and distributed transmissions

· Localized transmissions are meant for frequency selective scheduling (FSS)

· Distributed transmissions are meant for frequency diverse scheduling (FDS)

· The sub-band indication can be done via the dynamic broadcast channel (D-BCH)

· Once the FDS and FSS sub-bands have been defined, the mapping from VRB to Physical RB (PRB) is determined

· A localized VRB gets mapped directly to a PRB

· A distributed VRBs get mapped to multiple PRBs though a well-defined relationship achievable by a e.g., RE interleaver mapping virtual REs to physical REs. 
2.2
VRB mapped to 2 or 3 PRB (Nd=2 or 3)

The main features of this FDS transmission strategy are:

· Good level of interference and frequency diversity assuming receive diversity at the UE
· Requires the notion of “virtual” resource block

· The only difference with the Nd=NDPRB approach discussed in the previous section is that each VRB is mapped to 2 or 3 PRBs. 

· The PRB will need 2 or 3 UEs to fully utilize the bandwidth

· No semi-static partitioning of localized and distributed resources is needed

· The distribution is localized or distributed based on the mapping from VRB to PRB

· Signalling via the PDCCH is required to inform the UE about the VRB to PRB mapping

2.3


Slot and RB level hopping (Nd=1)

The main features of this FDS transmission strategy are:

· Transmission performed over multiple frequency-localized strips that hop at the slot boundaries.

· Similar to UL hopped transmissions but with the difference that these strips do not have to be contiguous for DL transmissions

· Extra interference averaging is achievable when compared to UL

· With the current definition of PRB in [1], this structure would not require the definition of VRBs. 

A physical resource block is defined as 
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 consecutive OFDM symbols in the time domain and 
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consecutive subcarriers in the frequency domain, where 
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are given by Table 16.2.3-1. A physical resource block thus consists of
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resource elements, corresponding to one slot in the time domain and 180 kHz in the frequency domain.

· This transmission strategy does not require semi-static partitioning of localized and distributed resources.

· The only indication that is needed is whether resources on each PRB hop at the slot boundaries.

· If resources do not hop at the slot boundaries, the same PRB is used for transmission over the second slot of the subframe

· If resources hop at the slot boundaries, the PRB for the second slot needs to be know at the eNB and at the UE

Both, approaches (Nd=2 or 3) and Nd=1 share the benefit of not requiring a semi-static partitioning of resources for localized and distributed transmissions. Also, both approaches provide a good diversity order for very small data allocations (single RB-pair). The frequency and interference diversity order for large data allocations (multiple RBs) can always be attained by allocating multiple RB “strips” transmitted in a distributed fashion by way of bit-map or island based resource signalling approaches [1]. 
2 Proposal

3.1 Goals

The goals of the proposal are:

· Enable FDS transmissions without the need to semi-statically partition resources for FDS and FSS allocations

· Provide low-overhead signalling support for the indication of FDS transmissions while achieving most of the diversity gain

3.2 Details

The proposal consists of the choice of Nd = 1, i.e. one VRB is mapped to one PRBs with a possible hop at the slot boundary for FDS transmission.

Define the VRB index by 
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where
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 indicates the number of resource blocks in the system.

For each (V)RB allocated the transmission over the first slot would be:

· 
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 is a function with a one-to-one mapping from VRB index to PRB index. Note that one possibility is to have 
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, and therefore there would be no need to define the notion of VRB. 

The transmission over the second slot would be:

· 
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where 
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 takes integer values including 0 and is dynamically signalled in the DL grant assignment. The same value is used for all the (V)RBs allocated in one assignment. A value of 0 indicates no hopping of frequency resources for the transmission in the second slot. A value different to 0 indicates a hop of resources for the transmission over the second slot in the subframe. The hopping is defined by the circular “hop” of  
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 PRBs over the entire system bandwidth. The value of 
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  is semi-statically configured and indicated over the D-BCH. Finally,  NRB is the number of RBs in the system depending on the system bandwidth (and known from the PBCH). 

The preferred configuration would be: 

· Direct indication of the PRB in the first slot 

· No VRB notion required

· 1 or 2 bits to indicate the value of 
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  in the DL grant

· 1-bit: 0 or +1

· Special care can be taken to have 
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 co-prime

· 2-bit: 0, +1, -1

· 
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 is semi-statically configured and is indicated in D-BCH

· Possible values for  
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 include 
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Example

In the following example, the function 
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  which would require 2 bits in the DL grant. 
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 For this example, we assume 4 users with the following information that would be conveyed with the DL grant: 

· User 1: RB0 and RB2 (distributed), 
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· User 2: RB1 and RB3 (localized), 
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· User 3: RB4 and RB6 (distributed) 
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· User 4: RB5 (distributed) 
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4 Conclusions

We have presented a proposal to eliminate the need to have the semi-static partitioning of localized and distributed resources. 

The proposal includes low overhead to signal whether or not, and how resources hop at the slot boundaries. The VRBs are mapped directly to PRBs and therefore they get filled by a single UE facilitating the scheduler. 
This proposal still retains most of the diversity gains that are provided for a fully randomized OFDM symbol and tone level hopping based FDS allocation. 
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