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1. Introduction
This contribution provides system simulation results for E-UTRA uplink VoIP capacity for the 1.25MHz LTE bandwidth mode.     
2. Discussion and Results

For LTE, a large number of VoIP users can potentially be supported per cell even for 1.25MHz. However, as discussed in [2], designing efficient control signalling schemes to assign and distribute resources among the users can be challenging. Table. 1 shows the number of bits required in a grant to schedule one user in the uplink and one user in the downlink. Reserving 25 subcarriers for reference symbols, 9 subcarriers for ACK/NACK and rate 1/3 QPSK encoding for control data, the total control signalling overhead would be 25+9+67*0.5*3 =134 subcarriers
.  If the target is to limit all the control signalling to two OFDM symbols, it can be seen that with this setup, only one user can be scheduled on the Uplink. One possible way to address this issue is to use the group scheduling concepts described in [1]. Group scheduling can decrease control signalling considerably by replacing the explicit signalling grants with simple bitmaps that implicitly signal MCS and resource assignment information to different users.  This contribution describes one particular example of how the grouping concepts can be used to schedule VoIP users with low control channel overhead. 
	Control Data
	Downlink
	Uplink
	Total
	Comments

	UEID
	16
	16
	32
	UE specific ID - color coded with CRC

	Resource block assignment
	3
	3
	6
	Indicates which resource blocks the UE(s) shall demodulate.

	Duration
	2
	2
	4
	The duration for which the assignment is valid

	Modulation
	2
	2
	4
	QPSK, 16QAM, 64QAM

	Payload size
	6
	6
	12
	

	HARQ Process No. + RV
	5
	2
	7
	Assume Full Chase fro VoIP (for now)

	Multi Antenna indicator
	2
	0
	2
	E.g., MIMO1, MIMO2, Tx Diversity, Beamforming, Single Antenna, .... etc

	Total bits required to schedule 1user for uplink and 1 user for downlink
	67
	


Table. 1

Figure 1 summarizes the uplink VoIP capacity system simulation results. Link to system mapping details for the simulations are given in [3]. The system is modelled as a VoIP only system with no data traffic. All UEs in the system use 7.95Kbps AMR codec rate. Assuming RoHC header compression, this maps to a VoIP packet size of 28 Bytes [2]. HARQ with full chase combining is assumed to be present. The number of available retransmissions for HARQ is variable and is determined by the delay bound (40ms) and cell loading.  
Curves 1 and 2 in the Figure correspond to performance with group scheduling with ideal and realistic channel estimation respectively. Curves 3 and 4 correspond to a case where only a single user is scheduled per subframe due to control signalling limitations. Annex A describes all other system simulation assumptions. Annex B provides details about the approach used to model realistic channel estimation. Annex C shows the packer error rate CDF plots for the scenarios shown in Figure 1.
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Figure 1 – VoIP Capacity with Group Scheduling
Figure 2 illustrates the simple group scheduling setup that was employed for these simulations. UEs in this setup are initially classified into three separate groups based on their path loss (this information can inferred from downlink C/I or downlink pilot SNR measurements). UEs with group ID 101 have the highest path loss while UEs with group ID 301 are in the most favourable channel conditions. Once a UE is assigned a group ID, it only needs to ‘wake up’ according to a predetermined pattern specific to that group ID. For instance, a UE with group ID 201 needs to wake up every 10th subframe while  a  UE with group ID 101 wakes up for 3 subframes in every 10 subframes.  In each 0.5ms subframe, 63 subcarriers of each long block (LB) are available for voice traffic with the other 12 subcarriers being reserved for control signalling. The voice traffic is assigned accordingly 32 or 33 reference subcarriers in each of the short blocks (SBs) with the remaining 5 or 6 reference symbols in each SB are for the control signalling.  Note the uplink control signalling in this case is used to support DL ACK/NAKs.  It is assumed that the CQI or group step indicator (GSI) can always be piggy backed with each uplink SID or full voice packet by reserving bits. In the case of the GSI only three bits are needed. 
For this simulation, resources within a particular subframe are shared in a TDM fashion, i.e., if two UEs share a subframe, one UE is allocated 63 subcarriers in each of 2 LBs and the other UE is allocated 63 subcarriers in each of 3 LBs (results with FDM allocation of resources within will be presented in a later contribution) . A UE scheduled in a particular subframe is allowed to transmit using only those MCS levels that are allowed for its group (as shown in Table 3). It should be noted that with this setup, information about which exact MCS to use and which exact resources to transmit in, can be conveyed to the UEs scheduled in a particular subframe, by using a simple bit map whose length is equal to the number of UEs that have been assigned a particular group ID associated with that subframe. It should also be noted that, as the UEs transmit their packets, the scheduler can get a better idea about the channel conditions and uplink interference for each UE using ACK/NACK information. For instance, if the scheduler notices that a UE with group ID 201 is dropping packets, it can move that UE  to group 101 which has more resources reserved for it (thereby allowing more retransmission opportunities). 
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MCS MOD ER

0 QPSK 0.2987

1 QPSK 0.4978

2 QPSK 0.7467

3 16QAM 0.7467

Table 3

subframe time (ms) groupid

0 0.5 101

1 1 101

2 1.5 101

3 2 201

4 2.5 202

5 3 203

6 3.5 204

7 4 205

8 4.5 206

9 5 301

10 5.5 101

11 6 101

12 6.5 101

13 7 201

14 7.5 202

15 8 203

16 8.5 204

17 9 205

18 9.5 206

19 10 301

Group IDs Allowed MCS Max users/TTI

101 0,1,2 2

201 - 206 0,1,2 2

301 0,1,2 and 3 5


Figure 2 – Group Scheduling Setup 

3. Conclusions
Results presented in this document indicate that for E-UTRA, VoIP traffic of about 80
 Erlangs/sector can be supported for 1.25MHz carrier bandwidth with a 40 ms delay bound. Results also show that if control signalling restricts data allocation to only 1 UE/subframe, then VoIP capacity reduces to 64 Erlangs per sector for the same delay bound. 
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ANNEX A – Simulation Assumptions and Cell Layout


In Tallinn the simulation assumptions in [RP-050634] were created for evaluating uplink macro-diversity (MD) and other cell edge enhancements.  These are largely a subset of those given in 25.814.  RP-050634 effectively augments in the Simulation Case table in 25.814 to include a case 5 to cover the 5MHz case and is reflected below in Table 1. Due to simulation run time issues for VoIP we chose to use Case 4 which is consistent with assumptions used in our previous results [R1-060397].
Table 1 – UTRA and EUTRA Simulation Case Minimum Set

	Simulation
	CF
	ISD
	BW
	PLoss
	Speed

	Cases
	(GHz)
	(meters)
	(MHz)
	(dB)
	(km/h)

	1
	2.0
	500
	10
	20
	3

	2
	2.0
	500
	10
	10
	30

	3
	2.0
	1732
	10
	20
	3

	4
	0.9
	1000
	1.25
	10
	3

	5
	2.0
	1732
	5
	20
	3


Table 1 – Macro-cell system simulation baseline parameters

	Parameter
	Assumption

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

	Inter-site distance (ISD)
	1000m (case 4)

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

I=128.1 – 2GHz,   I=120.9 - 900MHz

	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 – Case4,    20dB – Case5

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Carrier Frequency / Bandwidth mode
	900MHz / 1.25MHz – Case4

	Channel model
	Typical Urban (TU)

	UE speeds of interest
	3km/h

	Total BS TX power (Ptotal)
	43dBm

	UE power class
	24dBm

	Inter-cell Interference modelling
	UL: Explicit modelling (all cells occupied by UEs), 

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	


	Users dropped uniformly in entire cell
	


	Minimum distance between UE and cell
	>= 35 meters


Table 2 – Other Simulation conditions

	Simulation method
	UL EUTRA System simulation  - with wraparound

	AMC
	ON ( MCS levels given in Table 2 in Section 3)

	HARQ
	Full Chase
with N=10 Stop&Wait HARQ protocol

	Antenna Diversity
	2 antennas

	Receiver
	DFT-SOFDM 

	Channel & Delay dependent scheduling
	Delay dependant scheduling within each group  (UL CQI not used)

	Evaluation method
	As per 25.913 and 25.814. 

1. For VoIP use CDF of user residual FER

	User Bandwidth
	1.25 MHz – case 4

	Traffic Model
	VoIP description:

- 28 byte voice packets (with headers) generated every 20ms

- average voice activity of 0.35 with SID (actual size 11 bytes but modelled as 28 bytes ) every 180ms

- 2 state Markov full rate speech source model – VAF=0.3175

	Power Control 
	Slow Power Control 

	Multipath interference
	Ideal suppression

	Handover add / delete threshold
	4 dB, 6 dB

	Link Mapping
	EESM 


ANNEX B – Modelling Realistic Channel Estimation
Referring to Section 3.1 in [R1-050718], if the SNR of 
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is the SNR of the channel estimate used to demodulate the data on 
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Here, 
[image: image13.wmf]x

 is the Mean Square Error (MSE) of the of the channel estimate. The analysis below derives the MSE for an MMSE channel estimator that was assumed for the simulations in this document.. 
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 “noisy” pilot channel estimates obtained by simply dividing the received pilot signals by the pilot symbols.  After linear MMSE “smoothing”, the estimate is given by
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where 
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 is the vector of the Wiener coefficients optimized under the assumed noise variance 
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 and can be obtained from standard Wiener theory as
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where 
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 is the autocorrelation matrix of pilot subcarriers under no noise (the channel and noise variance are normalized such that 
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 is the cross correlation vector of a data subcarrier with the pilot subcarriers, and 
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is the noise variance derived from an assumed design SNR The resulting mean square error with an assumed noise power of 
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where 
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 (the last term) are, respectively, the asymptotic mean square error and post-processing noise gain at data subcarrier 
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denotes that the MMSE filter derivation assumes a specific noise variance. The asymptotic MSE, 
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,contains all factors other than noise amplification including the interpolation error and the MMSE modeling error due to mismatch between the assumed and actual channel correlation as well as the mismatch between the assumed and actual SNR.  It should be noted that , the mismatch between assumed and actual SNRs does not affect performance significantly, if the assumed SNR is set higher than the actual SNR. Based on the analysis, the channel estimation error can be parameterized according to the assumed SNR as follows



[image: image35.wmf]2

MMSE

ab

xs

=+


 MACROBUTTON MTPlaceRef \* MERGEFORMAT (1.6)

where 
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is the mean asymptotic MSE due to SNR assumption mismatch and 
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is the mean noise gain of the filter, where the mean is taken over all  data subcarriers in a SC-FDM long block.  
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is the noise variance. For the E-UTRA uplink simulations presented in this document, the number of pilot subcarriers available to a particular UE depends upon the number of UEs scheduled in a subframe. Moreover pilot subcarrier locations can vary depending on how the data resources are shared among different UEs in the subframe (FDM localised/distributed or TDM). Table B.1 lists the parameter values that were used for the TDM configuration where users are allocated resources in terms of SC-FDM long blocks. Note that, if care is taken that the received subcarrier SNR is lower than the assumed design SNR, the parameter 
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 in (1.6)

 can be neglected as the noise term will dominate the estimation error. 
	#users/subframe
	TDM Resource Allocation

Design SNR =18dB

	1
	b = 0.0912 a = 5.1e-05

	2
	b = 0.1716 a = 9.1e-05

	3
	b = 0.2665 a = 2.1e-04

	4
	b = 0.3384 a =2.6e-04

	5
	b = 0.4476 a =6.2e-04


Table B.1
Ignoring 
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 gives (1.6)

 in 
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 to create the required SNR that accounts for channel estimation errors. Figure B.1 show plots of (1.7)

 is used in  GOTOBUTTON ZEqnNum365956  \* MERGEFORMAT with respect to 
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Figure B.1
ANNEX C – CDF Plots
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� It should be noted that an encoding rate less than 1/3 may be required to provide sufficient edge cell coverage.


� Capacity is measured as the maximum load at which 95% of the users in a cell have a VoIP packet error rate less than 1%


� As the simulations are for 3kmph and the subframe duration is small, channel can be assumed to be constant for the duration of the subframe. Allowing this assumption, the long block prefix n is dropped in subsequent analysis.
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