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1. Introduction

This contribution addresses minimum resource allocations for VoIP in 5MHz LTE carrier along with using a frequency switched allocation on UL retransmissions for a frequency diversity benefit.  Also discussed is the need for granularity flexibility, longer TTIs and the benefits of a 15 subcarrier resource block (RB).

2. Minimum resource allocation
Several minimum resource allocation options are considered for supporting VoIP users in a given carrier:
· 4x15 subcarrier resource (900 kHz) in 1.25 MHz carrier with 1x15 for control
· 2x25 subcarrier resource (750 kHz) in 1.25 MHz carrier with 1x25 for control

· 4x15 subcarrier resource (900 kHz) in 5 MHz carrier
 

· 3x25 subcarrier resource (1125 kHz) in 5 MHz carrier (control handled as in 4x15 case)
· 5x15 subcarrier resource (1125 kHz) in 5 MHz carrier (control handled as in 4x15 case)
Figure 1 shows an example of a 4x15 subcarrier resource allocation in a 5 MHz carrier for DL and UL. 
3. Granularity Flexibility
There are several reasons to allow for resource allocation granularity flexibility:

1) Support High SINR environments efficiently and avoid capacity bottlenecks due to RB & TTI size
2) More than one TTI to allow for better uplink coverage
3) Tight match of VoIP codec rate (voice packet size) preferably to just fit into integer #RBs with supportable MCS especially a single RB with good coverage which enables high capacity
High SINR scenarios (1)
As shown in ANNEX C, a small TTI size with thin RBs avoids a capacity bottleneck in high SINR scenarios or deployments. Under high SINR conditions a 0.5ms TTI size with 15 subcarrier RB size enables increased packing of UEs per TTI where otherwise capacity would be limited with 1ms TTI size and 25 subcarrier RBs.
Uplink Coverage (2)
Longer TTI is better (see ANNEX B with link budget analysis) for UL coverage due to more power per subcarrier for FDM allocation (single long RB) compared to shorter TTI which requires multiple (shorter) RBs.  Also a longer TTI has better channel estimation performance that may reduce SINR requirements and further enhance coverage.

Efficient resource mapping of voice packet (3)
Granularity constraints can have a more significant impact on VoIP capacity as they directly impact the adaptive modulation and coding benefit. Some codec rates perform better with the granularity provided by a 25 subcarrier RB or an effective 30 subcarrier RB (2x15 subcarriers) due to the resulting MCS selection options that improve per TTI packing and RB coverage.  For example [under simulation condition case 1] as shown in Table 1 below we see that 15 subcarrier RB is too small a choice for 12.2kbps AMR codec.
Table 1 – MCS for 7.95kbps and 12.2kbps AMR codec for single RB (Case 1)
	Condition
	MCS
	ACR

	7.95k, 1x15sc
	R=0.62 16QAM
	62%

	7.95k, 1x25sc
	R=0.75 QPSK
	102%

	12.2k, 1x15sc
	R=0.858 16QAM
	38%

	12.2k, 1x25sc
	R=0.515 16QAM
	60%

	12.2k, 1x30sc
	R=0.430 16QAM
	67%


Figure 2 shows how VoIP capacity is sensitive to mapping.  The best mapping achieved is when a voice packet fits in a single RB with good coverage enabling efficient packing.  In this case three 25 subcarrier RBs are better than four 15 subcarrier resource blocks or even five 15 subcarrier resource blocks (not shown in Figure 2) since three users can be supported each with a single RB using QPSK 0.75 providing significant coverage while he 5x15sc case can support 2 users but the third only gets a single 15sc RB using 16QAM R=0.62.  Note unfortunately 3x25sc RBs does not fit in a 1.25 MHz carrier given control resources takes one of the three 25sc RBs while for 5x15 case there are 4x15 sc RBs + 1x15sc for control.
4. VoIP Performance with RA Frequency Switching
It has been shown in [1] that high VoIP capacity can be achieved with 1.25MHz allocation where five 225 kHz (15 subcarrier) resource blocks is enough to support up to 100 VoIP 7.95AMR Erlangs/sector.

Both L1/L2 control and VoIP resource allocation can be allocated in a frequency diverse manner as shown for the uplink subframes shown in Figure 1. In the case of UL VoIP packets the resource allocation is switched from the top to the bottom band of the 5 MHz carrier to achieve a small frequency diversity benefit for retransmission as shown in Figure 3. The downlink is composed of two 450 kHz resources (each with a pair of contiguous 15 subcarrier resource blocks) to achieve a frequency diversity benefit within a subframe by including a RB from both the top and bottom group resources for a given VoIP user’s allocation.
Table 2 summarizes VoIP capacity based on 95% of the user having 1% residual FER. About 100 Erlangs/sector is supported for 4x15 frequency switched case (see also Figure 3). Figure 4 shows the 98% delay CDF as used in [2].
Table 2 – VoIP Capacity using Grouping & Frequency Switching (case1 – 500m ISD, 20dB penetration)
	NRB x Nsc_per_RB
	7.95kbps, 1.25MHz
(Erlangs/sector)
	12.2kbps, 1.25MHz
(Erlangs/sector)
	12.2kbps, 5MHz

(Erlangs/sector)

	
	
	
	

	4x15 = 900KHz
	101
	63
	63*4 = 252

	  3x25 = 1125KHz
	more than 120
	NA
	NA

	2x25 = 750KHz
	82
	NA
	NA

	Notes : 

1. All results for 0.5ms TTI  and results in green have frequency switching enabled
2. Outage criteria : UEs with residual FER>1% @ 40ms delay bound
3. Case4, 7.95kbps AMR, 4x15sc supported 94 Erlangs/sector given in [1] were without frequency switching


5. VoIP Grouping complexity analysis
Grouping was used to limit potential number of addressable UEs per set of assigned resources (TTIs). That is, each UE persistently allocated to a set of TTIs can be identified using a single bit in a bitmap. Grouping based on CQI was not used. In these results switching between groups was only necessary if voice activity was too low or too high in a particular group.  Note the UL bitmap reuses existing UL ACK/NACK bits (bits sent on downlink for UL transmissions).  The UL bitmap avoids contention on uplink transmissions for the shared group resource.  The downlink bitmap is not strictly necessary and downlink operations could also be supported in a blind manner with some loss in flexibility in resource allocation and hence some degradation in performance (although blind detection yields another kind of complexity).
6. Conclusions

A minimum resource allocation of 900 kHz can be allocated in a frequency diverse manner increasing further VoIP capacity (~100 Erlangs/sector) based on the grouping approach.  Different TTI sizes and a smaller resource block size allow flexibility in semi-static VoIP resource allocations that maximize VoIP capacity thus allowing for increased throughput for data users on the same carrier.
7. References

[1] R1-061724, “UL VoIP performance with grouping”, Motorola, RAN1 LTE Ad Hoc, Cannes France, June 2006.
[2] R1-061807, “Evaluation of Uplink VoIP Capacity for E-UTRA and comparison to Rel-99”, Qualcomm, RAN1 LTE Ad Hoc, Cannes France, June 2006
[3] R1-061770, “VoIP System Performance for E-UTRA Downlink”, Panasonic, RAN1 LTE Ad Hoc, Cannes France, June 2006.
[4] R1-061551, “LTE Uplink System Performance of VoIP”, Motorola, RAN WG1#45, Shanghai China, May 2006.
[5] R1-061734, “Scheduling for Voice”, Motorola, RAN1 LTE Ad Hoc, Cannes France, June 2006.

[image: image1.wmf]D

L

C

RB

pairs persistently 

assigned to user group i

1

2

3

4

5

TTI 

1

TTI 

2

TTI N

+

1

TTI N

+

2

R

B

I

n

d

e

x

26

27

28

29 

30

RB

pairs persistently 

assigned to user group i

+

1

RBs available for non VoIP 

data traffic

U

L

1

2

3

4

5

6

R

B

I

n

d

e

x

26

27

28

29 

30

TTI 

1

+

k

TTI 

2

+

k

TTI N

+

1

+

k

TTI N

+

2

+

k

Control signal overhead

Reference signal overhead

N 

-

Group Repetition interval

k 

–

 uplink

/

downlink frame offset

5

 

M

H

z

UL L

1

/

L

2 

Control


Figure 1 – Frequency diverse allocation of RB pairs assigned to a persistently scheduled user group
ANNEX A – System Simulation Assumptions

Table 4 – Macro-cell system simulation baseline parameters
	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Distance-dependent path loss
	L=128.1 + 37.6log10(.R), R in kilometers

	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.41.4 

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m  (See D,4 in UMTS 30.03)

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss  
	10 dB (Case 4) or 20 dB (Case 1)

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Channel model
	6-ray GSM Typical Urban (TU)

	Total BS TX power (Ptotal)
	43dBm

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
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	Minimum distance between UE and cell
	35 meters

	AMC
	ON  (2/3<MCS<5)

	HARQ
	Synchronous HARQ with N=6 stop-and-wait HARQ protocal

	DFT-SOFDM symbols (Data symbols) per subframe
	2 SBs and 6 LBs (6 LBs)

	Scheduler
	Delay dependant scheduling within each group  (UL CQI not used). HARQ retransmissions given higher priority

	Link Mapping
	Symbol SINR computed using methodology Described in R1-051335 (RAN1 #43, Motorola, Nov 2005)

	Node-B Receiver / UE Transmitter
	2 receive antennas / 1 transmit antenna
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Figure 2 – VoIP capacity sensitivity to mapping. RA frequency switching is on. Best mapping achieved when voice packet fits in a single resource block with good coverage enabling efficient packing.
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Figure 3 – VoIP Capacity w/wo RA frequency switching on retransmissions (900 kHz RA)
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Figure 4 – 98% Delay CDF with RA frequency switching on retransmissions (900 kHz RA)
ANNEX B
TTI Size and coverage

Coverage for 1ms TTI is shown (see Figure 5 below) to be better than 0.5ms TTI due to:

1) Same # of tx opportunities - the time between transmissions (TBTX) being 5ms is more than the minimum time between transmissions for N=6 S&W for 0.5ms TTI and N=4 S&W for 1ms TTI 

2) Same carrying capacity - For 1ms TTI a 1ms RB = two 0.5ms RBs in 0.5ms TTI (given same RB size)
3) More FDM (link budget) benefit by using 1ms RB compared to two 0.5ms RBs.

 

For N=3 S&W and 2ms TTI the 6ms minimum time between transmissions exceeds 5ms hence to achieve same maximum number of transmissions per packet the delay bound is increased to 50ms. Note that 1ms with 50ms delay bound still has poorer coverage than 2ms with 50ms delay bound due to FDM benefit being more significant than the retransmission benefit (10 transmissions per packet for 1ms case and 50ms delay bound).  Obviously there is a capacity vs. delay tradeoff between TBTX selection for a given delay bound conditioned on the minimum N (N-channel S&W protocol) for a TTI size.
Note results are shown for ideal channel estimation.  Further improvement for larger TTIs is expected given non-ideal channel estimation improves with larger TTI sizes given the current 0.5ms subframe structure.
Note also in Figure 5 that labels for case 3 and the 25.942 (rural model) correspond to different pathloss models with different lognormal shadowing and penetration loss which accounts for the different coverage distances supported (1km and 30km respectively for the respective transmission gains).
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Figure 5 – Link budget analysis indicating coverage (Transmission gain) sensitivity to TTI size
Table 3 – 0.5ms TTI UL Link Budget, (Antenna Gain = 14 dB, Pathloss Model: 97.51 + 35.225log(d) from 25.943 Rural case, MPR =0.75 x log2(SINR+1) )
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[image: image8.emf]#Subcar # # Log- Penetration Total Tx Loss (dB) PerSubcar Max Packet Data

RB Retx RBs Distance Normal .+BodyLoss TxPower

PL+LN+Gant+Pen.

Rx Power SINR SINR MPR EncRate Size Rate

(meters) (dB) (dB) (dBm) (dB) (dBm) (dB) (bits) (Kbps)

15 7 4 25175 8 3 24.0 143.9 -126.8 -1.06 0.78 0.63 0.313

225 56.3

15 7 3 24450 8 3 24.0 143.4 -125.1 0.63 1.16 0.83 0.416 225 56.2

15 7 2 22950 8 3 24.0 142.4 -122.4 3.36 2.17 1.25 0.624 225 56.2

25 7 2 24750 8 3 24.0 143.6 -125.7 -0.01 1.00 0.75 0.374 225 56.2

15 3 3 19800 8 3 24.0 140.2 -125.1 0.63 1.16 0.83 0.416 225 112.3

15 3 2 18590 8 3 24.0 139.2 -122.4 3.36 2.17 1.25 0.624 225 112.3

25 3 2 20025 8 3 24.0 140.4 -125.7 0.00 1.00 0.75 0.375 225 112.5

15 1 3 15750 8 3 24.0 136.7 -125.1 0.65 1.16 0.83 0.417 225 225.1

15 1 2 14800 8 3 24.0 135.7 -122.4 3.36 2.17 1.25 0.624 225 224.6

25 1 2 15950 8 3 24.0 136.9 -125.7 0.00 1.00 0.75 0.375 225 224.9

15 0 3 12010 8 3 24.0 132.5 -125.1 0.65 1.16 0.83 0.417 225 450.1

25 0 2 12150 8 3 24.0 132.7 -125.7 0.01 1.00 0.75 0.376 225 450.9

15 0 2 11275 8 3 24.0 131.6 -122.3 3.37 2.17 1.25 0.625 225 449.9

15 0 1 9150 8 3 24.0 128.4 -116.1 9.58 9.07 2.50 1.250 225 449.9

25 0 1 10830 8 3 24.0 131.0 -120.9 4.78 3.01 1.50 0.751 225 450.6

Per Subcarrier



Table 4 – 1 ms TTI UL Link Budget, (Antenna Gain = 14 dB, Pathloss Model: 97.51 + 35.225log(d) from 25.943 Rural case, MPR =0.75 x log2(SINR+1))
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15 7 4 32050 8 3 24.0 147.6 -130.5 -4.76 0.33 0.31 0.156

225 28.1

15 7 3 31600 8 3 24.0 147.3 -129.0 -3.29 0.47 0.42 0.208 225 28.1

15 7 2 30650 8 3 24.0 146.9 -126.8 -1.06 0.78 0.63 0.313 225 28.2

25 7 2 31790 8 3 24.0 147.4 -129.6 -3.84 0.41 0.37 0.187 225 28.1

15 3 3 25590 8 3 24.0 144.1 -129.0 -3.29 0.47 0.42 0.208 225 56.1

15 3 2 24825 8 3 24.0 143.6 -126.8 -1.07 0.78 0.63 0.313 225 56.3

25 3 2 25725 8 3 24.0 144.2 -129.5 -3.83 0.41 0.37 0.187 225 56.2

15 1 3 20370 8 3 24.0 140.6 -129.0 -3.29 0.47 0.42 0.208 225 112.4

15 1 2 19780 8 3 24.0 140.2 -126.8 -1.08 0.78 0.62 0.312 225 112.4

25 1 2 20490 8 3 24.0 140.7 -129.5 -3.83 0.41 0.37 0.187 225 112.4

15 0 3 15525 8 3 24.0 136.5 -129.0 -3.28 0.47 0.42 0.208 225 225.0

25 0 2 15625 8 3 24.0 136.6 -129.6 -3.84 0.41 0.37 0.187 225 224.6

15 0 2 15070 8 3 24.0 136.0 -126.8 -1.06 0.78 0.63 0.313 225 225.2

15 0 1 13725 8 3 24.0 134.6 -122.3 3.38 2.18 1.25 0.625 225 225.0

25 0 1 14800 8 3 24.0 135.7 -125.7 0.00 1.00 0.75 0.375 225 225.1

Per Subcarrier


ANNEX C
VoIP Performance with 0.5ms vs. 1.0ms TTI and different SINR environments

· Scenarios reflect different SINR assumptions (see Table below)

· 1 Resource Block (RB) = 15 subcarriers

·  7.95kbps AMR codec is assumed

· For high SINR scenarios, capacity with 1ms TTI will be limited due to lack of granularity

·  For 0.5ms

·  M2 = 1 RB, M1 = 2 RBs, M0 = 4RBs

·  For 1.0ms

·  M2 = 1(0.5)RB, M1 = 1RB, M0 = 2RBs

· i.e. want to used 0.5RB for 1ms TTI

· Further improvements for packing:

·  <7.95kbps AMR codec rate

·  Interference Avoidance

·  Frequency diversity or hopping

·  PC enhancements
· More HARQ opportunities / tighter group packing

· Addressable subframes within a longer 1-2ms TTI

For low to moderate SINR scenarios then UEs pack into the TTI efficiently for both the 0.5ms and 1.0ms TTI. However, for High SINR scenarios, UEs cannot be packed as efficiently into the 1.0ms TTI because only ½ a resource block is needed for a significant portion of the users in a cell. 
This spreadsheet analysis is meant to show that RB bandwidth needs to shrink as TTI length gets larger or that the RBs need to be split in order to efficiently support VoIP or other small packet services

Further drivers or improvements for more dense packing of VoIP users are lower codec rates, higher SINR from interference avoidance, frequency diversity, or PC enhancements


[image: image10]

[image: image11]
· Assumptions for spreadsheet analysis:

·  7.95kbps AMR codec

·  Solid lines from spreadsheet analysis (100% VAF)

·  Dotted lines from simulation capturing voice activity (32% VAF + SID)

·  Retransmissions are not assumed

·  Nominal capacity assumes a scheduler that packs users in perfect manner. This means no control channel limitations, DRX/DTX limitations, grouping is not accounted for. 
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� Control (CQI & RSN e.g.) is handled via in-band signalling while UL L1/L2 control resources at edge of band support ACK/NACK


� A minimum RB bandwidth (e.g. 15 subcarriers) exists below which channel estimation performance degrades especially for edge of cell users with interference from other user’s RS. A RB of 15 subcarriers yields a length 7 or 8 RS due to fewer short block subcarriers. 12 sequences (such as from length 12 GCL/CAZAC my be sufficient with careful cell planning. One potential solution which retains the coverage benefit is to use a 30 subcarrier RB containing two users on every other subcarrier, with a CDM pilot over the 30 subcarriers. In this case it is FFS if the sequence length improvement (to length 15) offsets the reduction in RS power per subcarrier compared to the data
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