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1. Introduction 
We present some DL VoIP capacity results for reduced complexity HS-SCCH-less operation [1]

 REF _Ref147590058 \r \h 
[2] under dual antenna receive-diversity at the UE and compare it that of legacy Release 6 HSDPA systems. The results demonstrate that in the presence of dual antenna diversity reception as well, there is a useful increase in the VoIP capacity due to the reduced complexity HS-SCCH-less operation. 
2. Simulation Set up

The common assumptions in our simulation set up are provided in the appendix. Specifically, for modeling dual-antenna receive-diversity, we assume:

· Two balanced and uncorrelated antennas 

· RAKE receiver with ideal Maximal Ratio Combining of the antenna gains. 
3. VoIP capacity results
For the legacy Release 6 HSDPA simulation as well as for the reduced complexity HS-SCCH-less operation we use the Exponential scheduler. We allow both the systems to use up to 4 simultaneous HS-SCCHs to be transmitted in a TTI. In Figure 1, Figure 2, Figure 3, and Figure 4 we show the fraction of VoIP users in outage (facing FER > 0.03 over the call length) as the number of VoIP users is increased, for channel models AWGN, Ped B 3 kmh, Veh A, 3kmh, and Veh A, 30 kmh. By convention the 5% outage point can be taken as a measure of VoIP capacity for comparison of the two systems. It is readily seen that the reduced complexity HS-SCCH-less operation achieves a capacity gain of 15-20 users or more across the channel models. 
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Figure 1 VoIP capacity comparison for AWGN channel, 2 antenna rx-diversity, delay bound 100 ms
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Figure 2 VoIP Capacity comparison for Ped B, 3kmh channel, 2 antenna rx-diversity, delay bound 100 ms
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Figure 3 VoIP Capacity comparison for Veh A, 3kmh channel, 2 antenna rx-diversity, delay bound 100 ms [image: image4.emf]Veh A 30kmh VoIP capacity 
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Figure 4 VoIP Capacity comparison for Veh A, 30 kmh channel, 2 antenna rx-diversity, delay bound 100 ms
4. Conclusion
In this contribution the VoIP capacity results for the reduced complexity HS-SCCH-less operation of [1] are shown when the UEs are equipped with dual antenna receive diversity. The results show that the reduced complexity HS-SCCH-less operation continues to gain useful capacity over the legacy Rel 6 HSDPA operation. 
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Annex: Simulation Assumptions
	Multipath channel models
	· AWGN, Ped B 3 km/h, Veh A 3 km/h, Veh A 30 km/h
· Fader type: JTC.

	Cell layout and link budget
	According to TR 25.848 (section A.3 of [3]):

· Site-to-site distance: 2.8 km.

· 3-cells per site.

· Node B Tx power: 44 dBm.

· Log-normal shadowing: 8 dB.

· Shadow-correlation between co-located cells: 1.0.

· Shadow-correlation between non co-located cells: 0.5.

· Carrier frequency: 2 GHz.

· Bandwidth: 5 MHz.

· Number of UE antennas: 2 

	UE Receive-Diversity Modelling
	· The two antennas at the UE are

· Balanced (Equal gain)

· Uncorrelated 

· MRC combining of both antenna signals 
· RAKE receiver, no equalizer, no interference cancellation

	Node B resources
	· Power reserved for common channels and DPCH for all users: 7.5 Watt (30%)

· 3 Watt for common channels + 1 Watt / ~100 users for DPCH

· Remaining power for all HS-SCCH and HS-PDSCH: 17.6 Watt

· OVSF codes reserved for common channels:

Channel

SF

Nb

CPICH

256

1

P-CCPCH

256

1

S-CCPCH

256

1

E-AGCH

256

1

AICH

256

1

PICH

256

1

· OVSF code usage modelled for dedicated channels:

· F-DPCH (SF – 256)

· Soft-handover overhead: 1.8

· Up to 4 simultaneous HS-SCCH transmissions allowed.
· HS-PDSCH OVSF code usage and collisions are explicitly modelled.

	IMS VoIP packet format and overheads
	· VoIP packet with payload according to RFC3267[3].

· 24-bit ROHC overhead.

· 8-bit RLC overhead.

· No forced voice packet bundling.

	VoIP traffic details
	· AMR 12.2 kbps.

· SID transmitted every 160 ms of silence.

· Voice activity model:

· 50% voice activity.

· ON and OFF periods of duration exponentially distributed, of average 3 seconds.

· 100 ms maximum delay bound with 100 ms SDU discarding at the MAC-hs.

· Call length: 30 seconds.

· Call Outage: VoIP calls with FER over call length greater than 3% are considered in outage.

	Signaling traffic
	· SRB, RTCP, and SIP not modeled.

	Parameters of HS-SCCH-less operation
	· TB sizes:

· 4 TB sizes: 137 bits, 317 bits, 584 bits, and 893 bits

· 24-bit CRC overhead.

· No DRX or DTX.

· Each user is assigned two of the available HS-PDSCH OVSF codes at call setup.

· OVSF code collision and fragmentation is explicitly modelled.

	Scheduler
	· Voice traffic scheduled first, then best-effort (BE) traffic scheduled next (if applicable).

· Voice traffic scheduler:

· HARQ re-transmissions have highest priority

· Oldest transmissions are re-transmitted first

· Format is selected such as to minimize power usage

· New transmissions are scheduled when there are no more HARQ re-transmissions to schedule:

· Users are prioritized according to the exponential scheduling rule of [5] modified as follows:
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 averaged using a 1-tap IIR low-pass filter of time-constant 3.3 seconds.

· Format is selected such as to send the most of that user’s voice packets as possible.

· (“Greedy” resource allocation.)

· If there are several options, the format requiring the least power is selected.

	Feedback delays
	· CQI delay: 8 slots from time of measure to start of HS-PDSCH transmission.

· HARQ delay: minimum 15 slots from end of a transmission to start of a re-transmission.

	Error modelling
	· HS-PDSCH:

· Threshold-based decoder.

· Energy combining assumed.

· HS-SCCH: Threshold-based decoder.

· CQI: perfect estimation with quantization errors.

· HS-DPCCH: HARQ feedback errors modelled with ACK false alarm probability of 10-3 and ACK mis-detection probability of 10-2.

· No channel estimation modelled.
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