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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.

In RAN1#50 the following was agreed for the VRB to PRB mapping of DL resources:
· Nd = 2 and 3

· The need for Nd=3 is FFS

Note that RB-level distributed transmissions are possible for allocations with multiple RB-pairs by way of the resource allocation itself (where RBs are allocated from non contiguous parts of the spectrum). 

This contribution addresses the value added by the Nd=3 option. 

2
Simulations
The mapping of resource elements for the Nd=2 case was agreed in RAN1#50 to be 

· a VRB-pair is mapped onto 2 PRBs with hopping at the slot boundaries. 

However, different proposals were discussed for the mapping of resource elements for the Nd=3 case. 

The aim of this contribution is to show the performance difference for a narrowband VoIP application (7.95kbps) requiring a single RB pair as a resource allocation. 

2.1 Simulation Assumptions
The following list summarizes the simulation assumptions: 

· D1 scenario:

· Inter-site distance: 500m

· Penetration loss:  20dB

· Carrier frequency: 2GHz

· System bandwidth: 5MHz

· TU 3km/h

· 50ms delay budget

· Delay-sensitive scheduling

· Static grouping of resources: 1RB/UE

· Codec: 7.95kbps (224 bits full rate payload)

· SID transmissions enabled (120 bits payload)

· 50% voice activity factor

· 8 HARQ interlaces and up to 6 transmissions

· 1 interlace/UE (to allow for DRX)

· “Semi-persistent” scheduling

· 1 persistent RB/UE for 1st transmissions

· Dynamic scheduling of retransmissions

· Distributed transmission

· Nd=2 vs Nd=12

· UE antenna configuration: 2 way RxDiv

· eNB antenna configuration: single Tx antenna

Due to simulator constraints we compare the DL VoIP capacity for Nd=2 and Nd=12. The results for Nd=3 are expected to be in between those. 

2.2
Simulation Results

Table 1 summarizes the results:

	Case, D1
	VoIP Capacity
	% capacity increase

	
	Nd=2
	Nd=12
	

	Static, 50ms
	377
	382
	1.3


Table 1

DL VoIP capacity: RB hopping/slot vs. Tone level mapping
As we can see from the results in Table 1, Nd=12 provides a 1.3% increase in DL VoIP capacity. The performance for Nd=3 is expected to be between the result for Nd=2 and the result for Nd=3. Therefore, the DL VoIP capacity for Nd=3 is expected to be practically the same as for Nd=2. 
Note that the simulations have assumed a narrowband codec (7.95kbps) where only an RB-pair is necessary. Other larger rate codecs, e.g. 12.2kbps, will require two RB-pairs, in which case there will be two RBs distributed in frequency per slot. The performance difference for such a case is expected to disappear. 

3 Conclusions

Based on the simulations presented in Section 2, we consider that the VRB to PRB mapping option with Nd=3 does not provide any additional value. Therefore, we do not see the need to specify such a mapping for E-UTRA. 
Therefore, the support of distributed transmissions is achieved by:

· PRB mapping with slot level hopping

· RB-based distributed transmissions for allocations with multiple RB pairs 

Based on the decisions above, we see no need to specify the VRB notion in the specifications of E-UTRA as individual PRB can be explicitly or implicitly allocated. 
Annex A provides a possible indication strategy that would not require the VRB notion. 
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Annex A
The goals of the VRB to PRB mapping with Nd=2 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 frequency diverse transmissions while achieving most of the diversity gain
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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. 

The resource indication could 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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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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