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1. Introduction

HS-SCCH related overhead is relatively small for transmission of large packets of data, e.g. for full-buffer type of traffic. However, it has been observed that HS-SCCH related overhead can be considerable for IMS real-time services such as VoIP.  To reduce the HS-SCCH overhead while avoiding any extra burden with additional UE processing complexitiy and load, we have proposed a restricted HS-SCCH operation in [1].

This contribution presents VoIP capacity results for HS-DSCH operation with UMTS Rel.6 HS-SCCH, restricted HS-SCCH operation [1] and HS-SCCH-less operation introduced in [5,6]. 

2. Link Level Performance for Restricted HS-SCCH 

In this section, we compare the link level performance from restricted HS-SCCH operation with the one for Rel.6 HSDPA. Simulation assumptions for the link simulations are summarized in Table 1.

Table 1. Link simulation assumptions

	Simulation parameter
	Value or assumption

	Links simulated
	HS-SCCH

	UE Geometry
	5 dB

	HS-SCCH transmit power
	Constant (varied across different simulations)

	Channel
	Case 1: static AWGN

Case 2: single path Rayleigh

	Channel estimation
	Ideal

	Number of cell transmit antennas
	1

	Number of UE receive antennas
	1


HS-SCCH word error rate as a function of HS-SCCH transmit power fraction in a static AWGN channel is shown in Figure 1 for both the legacy HS-SCCH and the proposed restricted HS-SCCH. The results from Figure 1 show that the link gain in an AWGN channel is approximately 3.7 dB for an HS-SCCH word error rate of 1%.
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Figure 1. Link error performance of legacy HS-SCCH and restricted HS-SCCH under static AWGN channel. Geometry = 5 dB.

The comparison of link performance under single-path Rayleigh fading channel is shown in Figure 2 for different values of Doppler. From the figure, the gain of using the restricted HS-SCCH over the legacy HS-SCCH in single path Rayleigh channels is seen to be between 4.5 dB and 7 dB, depending on the Doppler. 

Note that, in addition to the link gain whenever the restricted HS-SCCH is transmitted, we obtain an average power savings due to the fact that the restricted HS-SCCH is not transmitted during retransmissions. Assuming an average of 1.5 HARQ transmissions per packet, we obtain an additional gain of 10*log10(1.5) = 1.8 dB by not transmitting HS-SCCH during retransmissions.
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Figure 2. Link error performance of legacy HS-SCCH and restricted HS-SCCH under a 1-path Rayleigh channel. Geometry = 5 dB.

3. Performance Comparison of HS-SCCH modes for CPC

In this section, we compare the system level performance with respect to HS-SCCH operation for CPC for 

· Rel.6 HSDPA operation.

· Genie HS-SCCH: genie-aided control signaling with no consumption of code or power for HS-SCCH. This is useful as an upper bound on performance by enhancing the HS-SCCH channel.

· HS-SCCH less operation: according to [7].

· Restricted HS-SCCH: according to [1].

Performance comparisons are made under two different sets of assumptions. The first set of assumptions closely matches the assumptions made in [7], and is referred to here as the set of “optimistic assumptions” because they are optimistic compared to the other set of assumptions considered in this paper, which is referred to as the set of “pessimistic assumptions”. All the assumptions are tabulated in the annex. 
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Figure 3.  Cell outage rates with different HS-SCCH schemes, using optimistic link budget assumptions
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Figure 4. Cell outage rates with different HS-SCCH schemes, using pessimistic link budget assumptions.
Using the criterion that no more than 5% of the users in the cell must experience more than 3% voice frame outage, we obtain the following VoIP capacity results. 

Table 2: VoIP Capacity Results
	Scenario
	Optimistic assumptions
	Pessimistic assumptions

	Genie-aided
	110
	65

	HS-SCCH less
	100
	55

	Restricted HS-SCCH
	95
	60

	Release-6
	90
	35


4. Conclusions

The following conclusions can be drawn from the simulation results presented in Section 3:

· VoIP capacity over HSDPA depends very heavily on system simulation assumptions such as pathloss model and extra losses. With rel-6 HS-SCCH, our results show that differences in such assumptions can lead to capacity results that vary from 35 users/cell to 90 users/cell.

· There is not much room for enhancing VoIP capacity by modifying the HS-SCCH channel if optimistic assumptions are used for simulations (gains using HS-SCCH less transmission or restricted HS-SCCH are less than 5%). But the use of more pessimistic (and arguably more realistic) system assumptions show that capacity can be increased by around 70% by using the restricted HS-SCCH.

· The performance of restricted HS-SCCH is very close to that of HS-SCCH less transmission. 

Furthermore, HS-SCCH less transmission would result in a substantially higher average computational complexity for the UE than restricted HS-SCCH operation, since it requires multiple blind Turbo decodes at every TTI, compared to only a very simple detection operation every TTI and one Turbo decode in every scheduled TTI. 

The restricted HS-SCCH operation, proposed in [1], can also coexist with regular HS-SCCH operation. 

We conclude from the above that potentially large VoIP capacity gains are possible with the use of the restricted HS-SCCH, and that is an attractive solution also from a UE complexity point of view.

Although simulations presented were limited to IMS VoIP with AMR 12.2 kbit/s, it is expected that the benefit extends to other types of real-time services such as gaming and video-over-IP.
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Annex: Simulation Assumptions

The “optimistic” set of assumptions for system simulation is similar to the set of assumptions made in [7], with a few exceptions, as shown below.

	Multipath channel models
	· VA, user speed – 3kmh

	Cell layout and link budget
	According to TR 25.848 (section A.3 of [8]):

· Site-to-site distance: 2.8 km

· 3-cells per site

· Node B Tx power: 44 dBm

· Pathloss model: path-loss (dB) = 128.1 + 37.6 log10(d_km)

· Antenna pattern: attenuation (dB) = 
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· Node-B peak antenna gain: 17 dBi

· Node-B cable losses: 3 dB

· Body losses: 0 dB

· TTLNA and other losses: 0 dB

· 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: 1

· UE noise figure: 9 dB

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

· 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 modeled for dedicated channels:

· F-DPCH (SF – 256)

· Soft-handover overhead: 1.8

· Up to 8 simultaneous HS-SCCH transmissions allowed (for Rel-6 and restricted HS-SCCH schemes)

· HS-SCCH code collisions are not modelled.

	IMS VoIP packet format and overheads
	· VoIP packet with payload according to RFC3267

· 24-bit ROHC overhead

· 8-bit RLC overhead

· No voice packet bundling above the MAC layer

· SID frames not modeled

	VoIP traffic details
	· AMR 12.2 kbps

· MAC-d PDU size: 296 bits

· Voice activity model:

· 50% voice activity.

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

· 90ms maximum delay bound

· Call length: 30 seconds

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

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

	UE
	· UE category: 5

	Parameters for HS-SCCH-less format
	· No code or power overhead for HS-SCCH 

· Synchronous IR

· TB size: 317 bits with 24 Bit CRC. The other transport format will be used for SID frames.

· No DRX or DTX

· Each user is randomly assigned one of the available HS-PDSCH codes

· Code collisions are explicitly modelled

· No limit on the number of simultaneously scheduled users due to HS-SCCH

	Parameters for Genie HS-SCCH format
	· No code or power overhead for HS-SCCH

· Error-free HS-SCCH signalling assumed

· No limit on the number of simultaneously scheduled users due to HS-SCCH

	Parameters for Restricted HS-SCCH Format
	· Synchronous IR

· HS-SCCH signalling only during new transmissions

· TB sizes: {317, 616, 914} bits with 24 Bit CRC. The fourth transport format will be used for SID frames.

· No DRX or DTX

· Each user is randomly assigned four HS-SCCH codes, and is provided a one-to-one mapping from the set of monitored HS-SCCH codes to the set of available HS-PDSCH codes

· Code collisions are explicitly modelled

	Scheduler
	· Voice traffic scheduler:

· Users are prioritized according to the FIFO scheduling rule
· HARQ re-transmissions have highest priority; oldest transmissions are re-transmitted first

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

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

· (“Greedy” resource allocation.)

· Max number of HARQ transmissions: 

· 7 for genie-HS-SCCH, 7 for Rel-6 HS-SCCH, 7 for restricted HS-SCCH, 3 for HS-SCCH-less transmission

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

· CQI feedback cycle: 2 ms

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

	Error modelling
	· HS-PDSCH:

· Virtual decoder accurately abstracts link performance

· True IR combining modelled with specific redundancy versions

· No implementation margin in link abstraction

· HS-SCCH: 

· Virtual decoder accurately abstracts link performance

· CQI: estimation using an IIR filter, followed by quantization 

· HS-DPCCH: assumed error-free

· Channel estimation losses captured by the virtual decoder.


The following table lists the set of “pessimistic” assumptions wherever they differ from the table above for the set of optimistic assumptions. 

	Cell layout and link budget
	· Node B Tx power: 43 dBm

· Pathloss model (COST 231): path-loss (dB) = 139.6 + 35.74 log10(d_km)

· Antenna pattern: as shown in Figure 5.

· Node-B cable losses: 4 dB

· Body losses: 3 dB

· TTLNA and other losses: 1 dB

· Carrier frequency: 2.11 GHz

· UE noise figure: 10 dB

	Node B resources
	· Power reserved for common channels: 4.6 Watt (23%)

· Power for DPCH: F-DPCH explicitly power controlled in the simulation

· Max power for all HS-SCCH and HS-PDSCH: 12 Watt (60%)

· Soft handover explicitly modelled for F-DPCH

	Feedback delays
	· CQI delay: 10 slots from time of measure to start of HS-PDSCH transmission

· CQI feedback cycle: 10 ms

	Error Modelling
	· 1 dB implementation margin used in the HS-DSCH virtual decoder.


[image: image7.png]Antenna gain pattern, dB

-5

-10

o

-150

-100

-50

0
Azimuth, degrees

50

I
100

i
150





Figure 5. Antenna pattern for the pessimistic set of assumptions.
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