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1. Introduction 
Contributions [1], [2], [4], [9], [10], [11], [12], and [13] have highlighted the penalty associated with HS-SCCH overhead when the underlying traffic is low data rate with small packets, such as VoIP and other IMS real-time services. Contributions [1], [2], [9], [10], [11], and [12] proposed reduced HS-SCCH operations for VoIP and real time services on HS-DSCH and demonstrated the achievable gains in capacity and the increase in the background Best Effort throughput. 

This contribution addresses the comments made relatively to these reduced HS-SCCH proposals. It presents a modification of the HS-SCCH-less operation that is designed to address the concerns raised, while retaining its benefits.  The original HS-SCCH-less operation ([1]) proposed to eliminate HS-SCCH transmission completely for VoIP and similar real time services. It achieved so by restricting the values of the parameters conveyed by  the HS-SCCH to a limited set namely, (1) a single predefined channelization code (2) Synchronous Incremental Redundancy (SIR) transmission with fixed redundancy version (3) QPSK only modulation (4) UE specific CRC check on MAC-hs PDU (5) exactly 2 transport block sizes,  decoded blindly. The principal concerns raised for this proposal were as follows.
· The synchronous IR operation poses restrictions on the MAC-hs scheduler at the Node B.
· The complexity of the 6 blind decodes per TTI  is well within the computing abilities of today’s UEs, but the need for 2 blind combining operations every TTI was found unattractive. 

· The restriction to only two transport block sizes, although configurable per flow, limits the applicability of the benefits of HS-SCCH less operation to other real time services which may have wider distribution of PDU sizes.  

The reduced complexity HS-SCCH-less operation alleviates these concerns.
2. Reduced complexity HS-SCCH operation 

The reduced complexity HS-SCCH-less operation can be summarized as an HS-DSCH operation with HS-SCCH on retransmission only. The scheme involves the following components:
· The UE operating in reduced complexity HS-SCCH-less operation is assigned a particular pair of HS-PDSCH OVSF codes.  In addition to monitoring the HS-SCCH, the UE monitors this pair of codes every TTI.  

· The set of transport block formats to be used in this mode is restricted to 4. The UE performs a blind decoding of these transport block sizes every TTI, but performs no blind combining.

· Each of the transport block formats is defined via RRC by:

· A transport block (TB) size.

· A number of HS-PDSCH codes (P=1 or P=2) to use.
· The modulation used is restricted to QPSK. 
· First transmission: The first transmission takes place without an HS-SCCH, and on the first pre-assigned OVSF code if P=1, or both OVSF codes if P=2.
· Retransmissions: Unlike the original HS-SCCH-less operation, re-transmissions with the reduced complexity HS-SCCH-less operation are sent with an HS-SCCH. The HS-SCCH signals the TB format, HARQ combining information, as well as the channelization-code information.

· Retransmissions may therefore use any channelization codes, and are not restricted to use Synchronous IR.

· Some bits of the HS-SCCH are reinterpreted compared to the conventional HS-SCCH. The reinterpretation is described in Section 3.

· The number of retransmissions in this mode is restricted to 2.
· UE uses ACK-only feedbacks when decoding first transmissions, and ACK/NACK feedbacks when decoding retransmissions.
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Figure 1: Illustration of the new reduced complexity HS-SCCH-less operation
2.1.  Merits
The reduced complexity HS-SCCH-less operation addresses the concerns described in Section 1 as follows. 

· The need for Synchronous IR is eliminated as the time instance of the retransmission is explicitly conveyed to the UE by the presence of the HS-SCCH. The re-interpreted bits in the HS-SCCH in the re-transmissions point to the location of the previous transmission (see Section 3).

· The need for blind combining is removed as the re-interpreted HS-SCCH signals the transport block size and number of OVSF codes used (see Section 3).

· The support of up to 4 TB sizes offers improved performance for a greater variety of traffic sources, such as mixes of VoIP, gaming, and video traffic.

· The code-collision is lessened as re-transmissions do not compete with first transmissions for the pre-assigned OVSF codes.
3. HS-SCCH for retransmissions with the reduced complexity HS-SCCH-less operation

As Figure 1 depicts it, the HS-SCCH is not included with the first HARQ transmission, but is included with the HARQ re-transmissions. The coding of the HS-SCCH is unchanged – only the meaning of the bits is modified under this operation.
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Figure 2: Structure of the HS-SCCH for legacy transmissions

Figure 2 depicts the existing HS-SCCH format. Part 2 contains the information necessary for HARQ combining. 

[image: image3.emf]CCS

(7 bits)

(P=1 or 2 only)

Mod.

(1 bit)

(‘0’)

Part 1

Format ID

(6 bits)

(‘111111’)

TB

format

(2 bits)

Part 2

reTx ID

(1 bits)

Previous

Tx point.

(3 bit)

UE CRC

(16 bits)

Unused

(1 bits)


Figure 3: Structure of the HS-SCCH for re-transmissions using the reduced complexity HS-SCCH-less operation

Figure 3 depicts the structure of the HS-SCCH used for re-transmissions in the reduced HS-SCCH-less proposal. The Format ID ‘111111’ corresponds to a TB size that is never used in practice for legacy transmissions because it has a code-rate of R=0.99. The combination of Format ID = ‘111111’ and CCS with P=1 or P=2 is used to indicate to the UE that this is a reduced complexity HS-SCCH-less re-transmission.
Referring again to Figure 3, the interpretation of CCS and Modulation index of Part 1 is the same as for the legacy HS-SCCH, except that the P value signalled through the CCS must be consistent with the HS-SCCH-less TB format that was pre-configured through RRC signalling (see Section 2). Furthermore, since only QPSK is allowed for HS-SCCH-less operation the Modulation bit will always be set to ‘0’.

The content of Part 2 is re-defined as follows:

· Format ID: 6 bits indicate in combination with CCS (P=1 or 2) that this is an HS-SCCH-less re-transmission.

· TB Format: 2 bits indicate which pre-configured TB size is being transmitted.

· reTx ID: 1 bit indicates whether this a 2nd transmission (‘0’) or a 3rd transmission (‘1’)

· Previous Transmission Pointer: 3 bits indicate how many TTIs in the past occurred the previous transmission: {6 TTIs, 7 TTIs, 8 TTIs, …}

· UE-Specific CRC: unchanged.
The redundancy version is pre-defined to follow the following sequence for the 3 HARQ transmissions: {s=1 r=0, s=0 r=1, s=1 r=2}. The ReTx ID field therefore indicates which redundancy version is being transmitted.

The NDI bit is not needed since HARQ transmissions are limited to 3, and the reTx ID avoid the ambiguity that exists in legacy transmissions.
4. Simulation results

Figure 4 and Figure 5 depict the VoIP capacity for channel models PB3 and VA30. The performance of the legacy operation (Release 6) is compared to that of

· The original HS-SCCH-less proposal -- “Original HS-SCCH-less: 2 TB sizes”

· The original HS-SCCH-less proposal augmented with 4 TB size -- “Original HS-SCCH-less: 4 TB sizes”

· The proposed reduced complexity HS-SCCH-less proposal – “Reduced complexity HS-SCCH-less: 4 TB sizes”

Results indicate that the reduce complexity HS-SCCH-less proposal captures the gains of the original HS-SCCH-less proposal, while maintaining a significantly lower complexity both at the UE as well as the Node B through increased flexibility.

The proposal retains the gains of the original HS-SCCH-less proposal because the HS-SCCH overhead is only incurred during re-transmissions, which are typically a small fraction of the transmissions. In these two scenarios the fraction of transmissions that were re-transmissions was 15%.
[image: image4.emf]PB3 VoIP CAPACITY

0.00

0.05

0.10

0.15

0.20

0.25

0.30

40 50 60 70 80 90 100

VoIP USERS

OUTAGE PROBABILITY

Original HS-SCCH-less: 2 TB sizes

Original HS-SCCH-less: 4 TB sizes

Reduced complexity HS-SCCH-less: 4 TB sizes

Rel 5 HSDPA: Legacy


Figure 4: Comparison of VoIP capacity for PB3 channel model
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Figure 5: Comparison of VoIP capacity for VA30 channel model
5. Conclusion

The benefits of the proposed reduced complexity HS-SCCH-less proposal are:

· Maintains the gains of the original HS-SCCH-less proposal.

· Improves the performance for traffic models with a wider distribution of payload sizes as well as mixes of traffic models by enabling 4 HS-SCCH-less TB sizes.

· Significantly reduces the UE complexity.

· Improves the scheduling flexibility for the Node B (and therefore reduces its complexity).

· Does not change the HS-SCCH coding and transmission.

· Is backward compatible, and integrated with the existing HS-DSCH operation.
· The scheduler may dynamically choose at each TTI whether to use an HS-SCCH-less format or not.

The RAN1 and RAN2 CRs [14], [15], [16], and [17] provide further specifics of this proposal as well as the text changes necessary to incorporate this proposal into the specifications.

Annex: Simulation Assumptions
	Multipath channel models
	· VA 30 km/h and PB 3 km/h
· Fader type: JTC.

	Cell layout and link budget
	According to TR 25.848 (section A.3 of [6]):

· 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: 1.

	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
(Source: [1]).

· 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 8 simultaneous HS-SCCH transmissions allowed.
· HS-SCCH code collisions are not modelled.
· HS-PDSCH OVSF code usage and collisions are explicitly modelled.

	IMS VoIP packet format and overheads
	· VoIP packet with payload according to RFC3267 ([5]).

· 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.

	Best-effort (BE) traffic
(if modeled)
	· Full-buffer traffic if specified.
· 5 users per cell at fixed geometries {0, 1.5, 2.5, 3, 5dB}.

· SDU size: 320 bit

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

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

· 2 TB sizes: 137 bits, 317 bits
· 4 TB sizes: 137 bits, 317 bits, 584 bits, and 320 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 [7] 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.

· BE traffic scheduler:

· Proportional Fair priority function.

· Format is selected such as to send the most of the user’s data 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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� The geometries were fixed in order to accelerate simulation run-time. These geometries were randomly selected to represent typical values in a system.
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