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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 presents an extensive characterization of DL VoIP capacity for the following cases: 
· Nd = 2, where one RB is physically continuous in the frequency domain, but its frequency location is hopped at the slot boundary

· Nd = 3, where one RB is physically continuous in the frequency domain, but hops in three different frequency locations in a subframe

· Nd  = 12, where one RB is fully distributed in the frequency domain

Two vocoders are considered, namely, 7.95 kbps and 12.2 kbps. Two delay budgets, i.e., 50ms and 100ms, are also studied. 

2
Simulations
2.1 Simulation Assumptions
Table 1 summarizes the simulation assumptions: 
Table 1 List of Some Key Simulation Assumptions

	Parameter
	Explanation/Assumption

	Cellular layout
	19 Node-Bs, 3-cell sites wraparound

	Number of UEs per cell
	N VoIP UEs  in the center sector, 1 Full-Buffer UE in each of the other 56 sectors

	Deployment Scenario
	D1

	BS total Tx power
	43 dBm 

	Bandwidth
	5 MHz

	Antenna Configuration
	1x2 SIMO

	TTI
	1ms, with 14 OFDM symbols

	Overhead modelling
	Overall overhead equivalent to 2.33 OFDM symbols, or 16.7%

	Resource Block
	Each RB has a size of 140 REs

	Number of sub carriers available to VoIP
	288 tones or 24 RBs (out of 25 RBs)

	PDCCH
	Not explicitly modeled

	Traffic Model
	2-State (ON/OFF) model

50% voice activity, transition probability 0.01

Full-rate frames: 224 (7.95 kbps) or 320 bits (12.2 kbps)

SID: every 160ms of silence, 120 bits

	H-ARQ
	8 Interlaces, 

up to 6 transmissions, 

Target termination: if Geometry <-2dB, 1% after 2 tx; otherwise, 10% after 1 tx

	CQI
	Every 20ms

	Power Control
	CQI based, max power per UE 6dB above nominal average power

	Delay budget
	100ms and 50ms

	MCS Format (7.95 kbps)
	1 RBs, QPSK, 4/5 coding rate

	MCS Format (12.2  kbps)
	2 RBs, QPSK, 4/7 coding rate

	Packet bundling
	NO

	Discontinuous Reception (DRX) at UE
	DRX Enabled: Each UE only monitors one H-ARQ interlace. Geometry-based power balance is adopted in assigning UEs into different H-ARQ interlaces

	Simulation Time
	3 seconds warm-up, and 20 seconds running

	Number of runs
	5 (random seeds)

	Scheduling type
	Delay-sensitive scheduling

	Grouping
	Each UE monitors one logical RB-pair (7.95 kbps) or two logical RB-pairs (12.2 kbps), equivalent of carrying one VoIP full-rate packet.  

The above grouping is kept fixed (static grouping)

	Persistent vs. Dynamic Schedule of VoIP packets
	New transmissions: always persistently scheduled

Re-transmissions: always dynamically scheduled


The comparison of the total diversity levels for Nd = 2, 3, and 12 is listed below:

Table 2 Comparison of Diversity Levels

	Scheme
	Vocoder 7.95
	Vocoder 12.2

	Nd  = 2
	2(2 (SIMO) = 4
	2(2(SIMO) (2 (2 RBs) = 8

	Nd = 3
	3(2 = 6
	3(2(2 = 12

	Nd = 12
	12(2 = 24
	12(2(2 = 48


2.2
Simulation Results

2.2.1
7.95kbps vocoder

Table 3 summarizes the resulting VoIP capacity numbers for different cases. Under the 50ms delay budget, Nd = 3 shows a 0.6% capacity gain over Nd =2, while Nd =12 shows a 3.3% capacity improvement. 

The capacity gain is even less when the delay budget increases to 100 ms. Indeed, under 100ms delay budget, all schemes yield roughly the same capacity.

The detailed system outage vs. VoIP load plots are shown in Figure 1 and Figure 2.

Table 3 VoIP Capacity, 7.95 kbps, D1

	Case
	50 ms
	100ms

	
	Capacity
	% inc
	Capacity
	% inc

	Nd = 2
	363
	N/A
	387
	N/A

	Nd = 3
	365
	0.6
	387
	0

	Nd = 12
	375
	3.3
	388
	0.3


[image: image1.emf]340 345 350 355 360 365 370 375 380 385 390

3

4

5

6

7

8

9

10

Number of Loaded VoIP Users

Percentage of UEs in Outage

Delay budget: 50ms, Target 1.1 Tx

 

 

Nd=2

Nd=3

Nd=12


Figure 1. System outage performance, 7.95 kbps, 50ms
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Figure 2. System outage performance, 7.95 kbps, 100ms
2.2.2 12.2kbps vocoder

Table 4 summarizes the resulting VoIP capacity numbers for different cases. It can be seen that, regardless of the delay budget, all schemes yield roughly the same capacity.

The detailed system outage vs. VoIP load plots are shown in Figure 3 and Figure 4.

Table 4 VoIP Capacity, 12.2 kbps, D1

	Case
	50 ms
	100ms

	
	Capacity
	% inc
	Capacity
	% inc

	Nd = 2
	199
	N/A
	201
	N/A

	Nd = 3
	198
	-0.5
	200
	-0.5

	Nd = 12
	200
	0.5
	201
	0
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Figure 3. System outage performance, 12.2 kbps, 50ms
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Figure 4. System outage performance, 12.2 kbps, 100ms

3 Conclusions

The specification of VRB to PRB mappings for Nd=2 and Nd=3 implies:

· Mandatory support at the UE receiver

· Optional support at the eNB transmitter

Based on the extensive simulation analysis presented in Section 2 we see no value in the specification of the Nd=3 option. In fact the specification of the Nd=3 option unnecessarily complicates the system, the UE implementation and the UE testing. Further, Nd=3 does not even apply with UE specific (dedicated) RS transmissions.
Therefore, we propose to base DL distributed transmissions by:

· PRB mapping with slot level hopping

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

Based on the proposal above, we see no need to specify the VRB notion in the specifications of E-UTRA as individual PRBs can be explicitly or implicitly allocated. 
Annex B provides a possible indication strategy that would not require the VRB notion. 
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Annex A

The following presents a comparison of the scheduled CQI for different diversity cases (12.2kbps, 100ms, 200 VoIP load). All three cases exhibit similar scheduled CQI characteristics.
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Annex B
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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, 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. 

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 
[image: image23.wmf])

(

×

g

 is transparent,  
[image: image24.wmf]4

=

D

 and 
[image: image25.wmf]1

,

1

,

0

-

+

=

g

  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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