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Discussion
1. Introduction

In the last meeting RAN1#72bis, target scenarios and candidate solutions were discussed. Parts of the agreements are listed below.
	Agreements

- proposal marked with green above are agreed （i.e. proposal 7, 9b, 10, 11, 15 in R1-131555）
- impact of increased Power Spectral Density investigation is encouraged

- the coverage of S-UMTS should be evaluated against UMTS

- the latency of S-UMTS should be evaluated against UMTS

- access latency

- latency in Cell_DCH

- For standalone 2.5 MHz carrier the voice capacity should be evaluated


This contribution focuses on discussing the voice capacity of standalone 2.5MHz S-UMTS.
2. Discussion
2.1 Voice Decoding Performance
Since voice traffic is in fixed rate, S-UMTS should also support the same bit rate voice service. S-UMTS applies the same AMR codec used in legacy UMTS and the following changes for S-UMTS are listed to support the same AMR codec:
· S-UMTS chip rate is scaled down by scaling factor N, i.e. 3.84Mbps/N

· Spreading factor is reduced by scaling factor N, such as AMR 12.2Kbps in UMTS uses SF64, corresponding to SF32 in S-UMTS when N equals 2.
· The voice frame is 20ms in UMTS. 20ms voice frame is kept for S-UMTS, which is actually 10ms*N TTI. 

In this paper, we provide the simulation results of scaling factor N = 2, and in order to compare the performance of S-UMTS with UMTS, the following performance metrics are computed as shown:

· S-UMTS gain (UL) = (Rx Ec/No with UMTS) – (Rx Ec/No with S-UMTS -3dB)
· S-UMTS gain (DL) = (Tx Ec/Ior with UMTS) – (Tx Ec/Ior with S-UMTS -3dB)
Table 1 shows the downlink and uplink link level simulation results for AMR 12.2Kbps on DCH, in PA3, VA3 and VA120 channels. 
Table 1 Standalone S-UMTS gain (in dB) for AMR12.2Kbps on DCH
	
	PA3
	VA3
	VA120

	UL
	0.53
	0.64
	-0.31

	DL
	0.06
	1.11
	-0.45


From the simulation results, we observe that it requires about additional 3dB SNR to support the same voice service for S-UMTS comparing to UMTS. However, the power assumption of transmitter is almost the same since the noise power is reduced by half due to the bandwidth of S-UMTS is also halved, which can be illustrated as below 
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2.2 Voice capacity

2.2.1  DL voice capacity
For DL, the DL voice capacity can be analyzed from both power aspect and code resource aspect.

From the power consumption point of view, it is assumed the PSD of S-UMTS is kept the same as UMTS and then the max power for this cell at NodeB is halved. Although the Ec/Ior for a specific user is almost doubled, the absolute power P0 is almost kept the same according to the conclusion in section 2.1. Based on the assumptions above, the user number supported by S-UMTS is approximately halved:
User number of S-UMTS = P’max/P0=1/2* Pmax/P0=1/2*(user number of UMTS)
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Figure 1 Illustration of Power consumption of R99 service for both UMTS and S-UMTS
From the code resource point of view, to support the same bit rate, the S-UMTS with scaling factor N=2 need consume double channelization codes, e.g. one SF64 for S-UMTS matches one SF128 for UMTS. Given the same portion of code resource, the user number of S-UMTS supported the same bit rate will be halved.
2.2.2  UL voice capacity
For UL, the voice capacity is not restricted by code resource but by the RoT at NodeB. Assuming that the RoT for both S-UMTS and UMTS are the same, we have,

[image: image3.wmf]N

P

K

N

P

K

N

N

P

K

RoT

RoT

N

N

P

K

UMTS

UMTS

S

×

=

×

Û

+

×

=

=

=

+

×

-

'

'

'

'

'

'

'


According to the simulation result in section 2.1 that the decoding SNR is nearly doubled, we have the equation:
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From the two above, K’ can be derived as 
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The deduction result shows that the user number supported by S-UMTS at the same bit rate is nearly half of the number supported by legacy UMTS.
3. Conclusion
The analysis shows that the voice capacity is nearly halved for S-UMTS comparing to UMTS, which matches the intuition from the bandwidth reducing by the scaling factor N=2. Since the capacity is almost halved along with bandwidth, the efficiency of voice service for S-UMTS is almost the same as the efficiency for UMTS.
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Appendix
Table 2 lists the baseline parameters to be used for standalone S-UMTS DL link simulations. Reference scenarios specific parameters can be found in Table 2. 
Table 2: General Simulation Assumptions for standalone S-UMTS Downlink
	Parameter
	Value

	Carrier Frequency
	900 MHz, 2GHz

	Scaling factor
	1; Legacy UMTS carrier
2; S-UMTS carrier

4; S-UMTS carrier (HSPA data only)

	P-CPICH_Ec/Ior
	-10dB

	P-CCPCH_Ec/Ior
	-12dB 

	SCH_Ec/Ior
	-12dB 

	PICH_Ec/Ior
	-15dB 

	HS-SCCH_Ec/Ior
	-12dB

	HS-PDSCH_Ec/Ior
	Remaining power so that total transmit power spectral density of Node B (Ior) adds to one

	Spreading factor for HS-PDSCH
	16

	Modulation
	QPSK, 16QAM, 64QAM

	TTI [ms]
	DCH: 20ms

	TBS
	Variable for HS-PDSCH

AMR12.2K for DCH

	HSDPA Scheduling Algorithm
	CQI based

	Geometry
	[-5 0 5 10 15 20]dB

	CQI Feedback Cycle
	1TTI, 2TTIs

	CQI feedback error
	1%
CQI error means CQI erasure, in which case the Node B uses the previous CQI

	HS-DPCCH ACK/NACK feedback error
	1%

	Maximum number of HS-DSCH codes
	Up to 15*SF16 for TTI=2ms*Scaling factor per carrier for HS-PDSCH

	Number of HARQ Processes
	6

	Maximum HARQ Transmissions Time
	50ms * Scaling factor 

	HARQ Combining
	Incremental Redundancy

	First transmission BLER
	10% after 1 transmission

	Number of Rx Antennas
	2 

	Channel Encoder
	3GPP Turbo Encoder

	Turbo Decoder
	Log MAP

	Number of iterations for turbo decoder
	8

	CQI Feedback delay
	8ms*Scaling factor (the case TTI length is increased); 

8ms (the baseline or the case TTI length is not increased)

	Propagation Channel Type
	PA3,VA3, VA30,VA120

in specific cases AWGN simulations could be used

	Channel Estimation
	Realistic

	Noise Estimation
	Realistic

	UE Receiver Type
	1-Rx Rake and 2-Rx LMMSE (Type 3)

	Antenna imbalance [dB]
	0

	Tx Antenna Correlation
	0

	Rx Antenna Correlation
	0


Table 3 lists the general parameters to be used for UL link simulations, including DCH for voice traffic evaluation and E-DCH for data traffic evaluation.
Table 3 : General Simulation Assumptions for standalone S-UMTS Uplink 
	Parameter
	Value

	Physical Channels
	E-DCH: E-DPDCH, DPCCH, EDPCCH
DCH: DPCCH, DPDCH

	Scaling factor
	1; Legacy UMTS carrier
2; S-UMTS carrier

4; S-UMTS carrier (HSPA data only)

	TTI [ms]
	E-DCH: 

(2ms/10ms)*Scaling factor

DCH: 

20ms

	TBS[bit]
	DCH: 

AMR12.2K for DCH

	Maximum HARQ Transmissions Time
	50ms * Scaling factor 

	Operating Point
	E-DCH: 

HARQ 1 % Residual BLER within maximum HARQ transmission time.

DCH: 

1 % BLER 

	E-DCH Scheduling Algorithm
	RoT based

	RoT
	6dB

	Number of Rx Antennas
	2

	Channel Encoder
	3GPP Release 6 Turbo Encoder

	Turbo Decoder
	Log MAP

	Number of iterations for turbo decoder
	8

	DPCCH Slot Format
	1 (8 Pilot, 2 TPC)

	Inner Loop Power Control
	ON

	Outer Loop Power Control
	ON

	Inner Loop PC Step Size
	±1 dB

	UL TPC Delay (sent on F-DPCH)
	E-DCH: 

1.33ms*Scaling factor 

	UL TPC Error Rate (sent on F-DPCH)
	4%

	Propagation Channel
	PA3, VA3, VA30, VA120
in specific cases AWGN simulations could be used

	NodeB Receiver Type
	LMMSE, Rake

	Antenna imbalance [dB]
	0

	UE Tx Antenna Correlation
	0

	NodeB Rx Correlation
	0

	UE DTX
	OFF
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