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1. Introduction
This is a text proposal for incorporation of reduced complexity HS-SCCH-less operation as discussed in [1].
[1] R-062025 “Reduced Complexity HS-SCCH-less Operation”, Qualcomm, RAN1 #46 
2. Text Proposal for TR 25.903
>>>>>>>>>>>begin of text proposal<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<

4.X Reduced Complexity HS-SCCH-less operation

4.X.1 Description of the Concept

The relative overhead consumed by HS-SCCH becomes significant when it is used to transport small packets, such as those generated in the transport of low-latency low data-rate traffic like VoIP and gaming over HSDPA.

The full HS-SCCH-less operation, as described in TR 25.903 Section 4.7, reduces this overhead by removing the HS-SCCH completely for two of the HS-DSCH subframe formats (i.e. TB size and MCS). It relies on synchronous IR and blind combining & decoding to eliminate the need for the HS-SCCH. 

This concept, the reduced complexity HS-SCCH-less operation, lessens the HS-SCCH overhead by allowing 4 of the HS-DSCH subframe formats to be transmitted without HS-SCCH with the first HARQ transmission. On the other hand, HARQ retransmissions are accompanied by the HS-SCCH. 

More specifically, when the UE is set up in reduced complexity HS-SCCH-less operation, the traffic is delivered to the UE as follows. 

· The HS-SCCH is not transmitted with first HARQ transmissions.

· The modulation used is restricted to QPSK.

· Only 4 pre-defined TB formats for MAC-hs PDUs are allowed.

· These 4 formats are chosen semi-statically, and maybe independently configured per UE.

· The HS-PDSCH CRC is 24-bits long and is UE specific.

· Its generation follows the same procedure as the CRC currently on the HS-SCCH, and therefore is covered by the 16-bit UE MAC ID. 

· At most two contiguous pre-defined HS-PDSCH OVSF codes are assigned per UE. (semi-static, configured per UE, multiple UEs can share the codes)

· Each UE is told via RRC signaling to listen to one particular HS-PDSCH OVSF code for transmissions of the chosen 4 TB formats. The UE therefore monitors that code and the neighboring code for a transmission by blind decoding of the 4 chosen formats. 

· The UE does not transmit negative acknowledgements (NACK) in the first transmission when decoding the chosen formats. It transmits ACK or NACKs for the retransmissions.

· HARQ is limited to:

· 2 retransmissions.

· The redundancy version is pre-defined. (static, non configurable)

· The HARQ retransmissions are accompanied by an HS-SCCH, which is sent with the same channel coding and decoding as the Release 5/6 HS-SCCH. Some of the bits of the HS-SCCH are reinterpreted in order to signal the UE the following information.

· That the HS-SCCH is for the Reduced Complexity HS-SCCH operation 

· Whether the retransmission is the first retransmission or the second retransmission

· The channelization code and the transport block size used by the HARQ process 

· The HARQ combining information – in the form of an offset from the current TTI indicating where the previous transmission was sent

· The detailed fields in the interpretation of the HS-SCCH are described in Section 4.X.2

· In addition, just as in Release 5/6 operation, the UE continues to attempt reception of the regular HS-SCCH and corresponding HS-PDSCH codes if any and carries out HARQ the regular way.

4.X.2 HS-SCCH for retransmissions with the reduced complexity HS-SCCH-less operation 
As described in Section 4.X.1, the HS-SCCH is not included with the first HARQ transmission, but is included with the HARQ retransmissions. The coding of the HS-SCCH is unchanged – only the meaning of the bits is modified under this operation.
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Figure 1: Structure of the HS-SCCH for legacy transmissions

Figure 1 depicts the existing HS-SCCH format. Part 2 contains the information necessary for HARQ combining. 
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Figure 2: Structure of the HS-SCCH for retransmissions using the reduced complexity HS-SCCH-less operation

Figure 2 depicts the structure of the HS-SCCH used for retransmissions in the reduced complexity HS-SCCH-less operation. The Format ID ‘111111’ corresponds to a TB size that was 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 retransmission.

Referring again to Figure 2, 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 4.X.1). 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 retransmission.

· 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 indicates the offset from the current TTI, in number of TTIs the time of 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 avoids the ambiguity that existed in legacy transmissions.
4.X.3 Analysis of the Concept

4.X.3.1 Timing and operation: 

The timing of the reduced complexity HS-SCCH-less operation is similar to the timing in Release 5/6 HSDPA operation. It is depicted in Figure 3.
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Figure 3: Illustration of the reduced complexity HS-SCCH-less operation
The first and second retransmissions can be asynchronous with respect to the first transmission, and with respect to each other. The accompanying HS-SCCH follows the same timing relationship with the HS-PDSCH transmission as legacy transmissions do; namely the HS-SCCH starts and ends one slot before the HS-PDSCH transmission boundaries. 

If the UE is able to decode the first transmission successfully, it sends an ACK to the Node B over the HS-DPCCH. If it is not able to decode the first transmission, it buffers the data sent on the TTI. The retransmissions do not require any blind combining or decoding operation as the HS-SCCH accompanying the retransmissions carry the information needed. The inclusion of systematic bits in the HS-SCCH of third retransmission provides robustness against HS-SCCH losses.

4.X.3.1 UE Complexity discussion

The operation requires the UE to perform blind decoding every TTI of the transport format from 4 possibilities. but requires no blind combining. These 4 transport formats will typically carry small payloads (less than 1,000 bits). 
4.X.4.2 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 from TR 25.903, Section 4.7-- “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”

Figure 6 and Figure 7 depict the Best Effort throughput of 5 fixed Best Effort users when the number of VoIP users is kept at medium load. It shows that a significant advantage in Best Effort throughput can be obtained because of the overhead reduction and freeing up of HS-SCCH codes for Best Effort traffic. 

These results demonstrate that the reduced 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 reduced complexity HS-SCCH-less operation achieves a significant reduction in the HS-SCCH overhead because the HS-SCCH overhead is only incurred during retransmissions. In these two scenarios the fraction of transmissions that were retransmissions was 15%.
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Figure 4: Comparison of VoIP capacity for the Ped B 3 km/h channel model
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Figure 5: Comparison of VoIP capacity for the Veh A 30 km/h channel model
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Figure 6: Best Effort throughput of 5 fixed geometry users as a function of VoIP load for the Ped B 3km/h channel model
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Figure 7: Best Effort throughput of 5 fixed geometry users as a function of VoIP load for the Veh A 30 km/h channel model
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Figure 8: Statistics of the number of simultaneously scheduled users (CDM) for legacy and new operation, in the presence of 60 VoIP and 5 Best Effort users for the Ped B 3 km/h channel. (Maximum number of simultaneous HS-SCCH transmissions fixed to 8) 

4.X.4.2.1 Simulation Assumptions
	Multi-path 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):

· 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

· 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 

· 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 retransmissions 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 retransmissions to schedule:

· Users are prioritized according to the exponential scheduling rule 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 retransmission.

	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 misdetection probability of 10-2.

· No channel estimation modelled.


4.X.5 Benefits of the Concept

 The performance benefits of the reduced complexity HS-SCCH-less operation are evident from the simulations results.

· Significant increase in the VoIP capacity compared to the Release 5/6 HSDPA operation obtained due to reduced overhead.

· HS-SCCH channels are freed up to be used for other services.

· At medium VoIP user loads, the first two benefits translate into a large gain in the throughput available to co-existing Best Effort user’s traffic. 

· Delay sensitive traffic is better supported as more users can be code multiplexed in a single TTI without the costly overhead of the HS-SCCH. Figure 8 shows that typically more users are multiplexed per TTI in the new operation. 

Backward Compatibility and flexibility benefits: 

· Is backward compatible and integrated with the existing HS-DSCH operation.

· The scheduler may dynamically choose at each TTI whether to schedule a HS-SCCH-less or a legacy transmission.

· Does not impose synchronous operation on retransmissions. 

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

· Does not require blind combining by the UE.

4.X.6 Open Issues with the Concept

>>>>>>>>>>>end of text proposal<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<
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