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1.
Introduction

Documents [1-3] describe the proposal for HS-SCCH-less HSDPA operation for enhanced VoIP capacity. This contribution takes a further look into the proposal and suggests a modification to the scheme for easier UE and Node B implementation and potentially making the HS-PDSCH code blocking less probable.
2.
HS-SCCH-less HSDPA operation

The HS-SCCH-less HSDPA operation proposes to use a single pre-defined HS-PDSCH code for VoIP packet transmission. The retransmissions are time-synchronous and the UE tries blindly to decode each TTI of that HS-PDSCH code with predefined TFRI.

UE receiver operation with the HS-SCCH-less HSDPA:

For  TTI(i), if there is no HS-SCCH for the UE in a TTI(i)

1. Store soft symbols of the TTI(i) from one predefined HS-PDSCH

2. Try decoding the TTI(i) from assigned HS-PDSCH with preassigned TFRIs,

3. Softcombine TTI(i) with TTI(i-k) and try decoding with preassigned TFRIs

4. Softcombine TTI(i) with TTI(i-k) and TTI(i-2k) and try decoding with preassigned TFRIs

If any of the steps 2, 3, 4 result with a correct UE-specific CRC when trying to decode with one of the predefined TFRIs that packet is considered as received correctly.

One possible Node B scheduler operation with the HS-SCCH-less HSDPA:

For a TTI(i)
1. Transmit all pending time-synchronous HS-SCCH-less HSDPA retransmissions on a HS-PDSCH code preassigned to them.

2. Handle the ‘normal’ HSDPA retransmissions

3. Assign the HS-SCCH-less HSDPA users with their predefined HS-PDSCH code. If the preassigned HS-PDSCH code is already in use, wait for the next TTI, or if packet is growing old schedule as ‘normal’ HSDPA packet

4. Handle the ‘normal’ HSDPA transmissions

There may be some code-collision related problems due to preassigning the HS-PDSCH code and due to the time-synchronous retransmission.

The HS-SCCH-less HSDPA operation provides some cell capacity gains due to reduced need for HS-SCCH power when the cell is consuming a large portion of its capacity for VoIP traffic. Addional benefits in the same scenario may be achievable due to lower HS-SCCH usage and thus avoiding HS-SCCH code blocking more or less completely. In cases where the VoIP load is not very high the gains diminish.
The HS-SCCH-less HSDPA operation requires the UE to try to receive first all configured HS-SCCHs, and after that run the decoder 2*3 times for each TTI, where 2 is the number of preconfigured TFRIs and 3 is the maximum number of transmissions per packet.

The HS-SCCH-less HSDPA operation requires the Node B to treat the HS-SCCH-less HSDPA initial transmissions somewhat differently from the ‘normal’ HSDPA operation as it can only decide the time when to transmit, but the code allocation is predefined. The retransmissions are even more different as they are completely deterministic, must happen at a given TTI using a specific code. This could lead to HS-PDSCH code fragmentation and difficulties in scheduling other traffic or other HS-SCCH-less HSDPA users because of the fully deterministic retransmissions in both time&code domain. Further this forces the Node B to completely revisit the existing scheduler algorithms and make assumptions of the cell traffic distributions when making the algorithm selections.

3.
Modification to the HS-SCCH-less HSDPA proposal

Simulation results in [4] indicate that the probability for retransmissions may be fairly low when considering the useful HARQ operation point for VoIP with HS-SCCH-less HSDPA operation. This is further emphasized by the fact that the higher retransmission probability starts to fill the HS-PDSCH code space and the high VoIP load scenario where the gains are expected to be seen could not be supported due to HS-PDSCH code shortage. Thus it can be assumed that over 90% of the power domain gains with HS-SCCH-less HSDPA are achievable with the initial transmissions only.

Thus sending the initial VoIP packet transmissions without HS-SCCH and possible retransmissions with HS-SCCH appears as an interesting in-between solution. The benefits are:

· > 90% of the power domain savings of the full HS-SCCH-less operation

· No need for blind combining in the UE

· Avoiding HS-PDSCH fragmentation by maintaining the retransmission scheduling possibility of ‘normal’ HSDPA operation in both time and code domain. This could even allow some additional savings due to scheduling gains 

· Easing the Node B scheduling implementation with HS-PDSCH code assignment and maximising the scheduler algorithm reuse

In practical solution the initial transmission of a HS-SCCH-less HSDPA should be assigned by the timing of the TTI in a same way the uplink HARQ process number is assigned for the uplink HARQ operation. The retransmission with HS-SCCH can then point to the initial transmission. 
4.
Conclusions

If the RAN1 considers the HS-SCCH-less HSDPA operation to be providing sufficient gains for standardisation we would propose adopting a modificication to it, that allows time-asynchronous HARQ retransmissions using different than pre-assigned HS-PDSCH code as with the current Rel-5/6 HSDPA operation.

We would also propose to adopt the text in Annex A to TR25.903, either as part of chapter 4.7, or as a separate proposal to the TR.
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Annex A

Text proposal to TR25.903

--------------------The beginning of the text proposal, revision marks against chapter 4.7----------------------------------------

4.x
HS-SCCH-less operation for initial transmissions
4.x.1
Description of the Concept
HS-SCCH adds a significant overhead to each HS-DSCH transmission. Although this overhead is relatively small for transmission of large packets of data, such as in the presence of full-buffer type of traffic, it is considerable for IMS real-time services such as VoIP.

This concept alleviates this overhead by allowing for each UE 2 HS-DSCH subframe formats to be transmitted without HS-SCCH. The new subframe format is the same as the current HS-DSCH subframe format, except that:

· The HS-SCCH is not transmitted for initial transmissions.

· Only pre-defined 2 TB sizes are allowed. (semi-static, configurable per UE)

· Only QPSK is allowed.

· Only one pre-defined HS-PDSCH code can be used per UE for the initial transmissions. (semi-static, configured per UE)

· Each UE is told via signaling to only listen to one particular OVSF code for transmissions using the new subframe formats. The UE must therefore monitor that code for a transmission in addition to monitoring the HS-SCCH as in Release 5/6.

· HARQ is limited to:

· 
· 
· The redundancy version of the initial transmission is pre-defined. (static, non configurable)

· 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.

· The UE does not transmit negative acknowledgements (NAK) for the initial transmissions
· The UE attempts reception of the regular HS-SCCH in parallel to the blind detection over the HS-PDSCH to detect scheduling with the old and with the new slot format. 

· Retransmissions are sent using HS-SCCH. This allows preserving the time-asynchronous retransmissions as well as using different HS-PDSCH codes for retransmissions than were used for initial transmissions.
4.x.2
Analysis of the Concept

4.x.2.1
Transmission Waveform and Timing
Figure 4.x.2.1-1 depicts transmissions only using the existing subframe format. In contrast, Figure 4.x.2.1-2 depicts a transmission with a new subframe format. The new format disables transmission of the HS-SCCH, as well as negative acknowledgements for the initial transmissions.
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Figure 4.x.2.1-1: Transmission waveform and timing using the existing HS-DSCH subframe format
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Figure 4.x.2.1-2: Transmission waveform and timing using the proposed HS-DSCH subframe format

Note how new and old subframe formats can be intermixed. Note also that in this depiction of the timing the ACK processing time is unchanged for the new formats. 
To implicitly convey the control information in the HS-SCCH, the following list goes over the HS-SCCH fields and their mapping to the HS-SCCH less operation:

· Modulation used (1 bit):

· Always QPSK.

· OVSF codes used (7 bits):

· One pre-defined (semi-static) code. (P=1)

· Transport Format Resource Indicator (6 bits):

· Only 2 possible values. Blindly determined by the UE.

· HARQ process number (3 bits):

· Derived from the transmission timing
· Redundancy version (3 bits):

· Pre-defined (static) redundancy versions for the initial transmission.

· New data indicator (1 bit):

· Not needed because synchronous IR with pre-defined redundancy version is used.

· CRC / User identity (16 bits):

· Not needed because carried over HS-PDSCH transmission.

4.x.2.2
UE Complexity Discussion

When an HS-SCCH-less transmission occurs the UE does not know the payload size, or the HARQ information for combining. The UE must therefore blindly decode for both of the possible payload sizes. If decoding fails the UE must store the soft bits for the duration of the retransmission window.
The first blind decode is based on the assumption that a somewhat small payload was transmitted, of at most N1 bits. This would correspond, for example, to an AMR-NB full-rate frame. The second blind decode is based on the assumption that a very small payload was transmitted, of at most N2 bits. Both N1 and N2 are semi-static values.

In order to minimize complexity we set

· N1 = 353 bits; this is sufficient to carry a 12.2 kbit/s AMR-NB or 12.6 kbit/s AMR-WB speech frame.

· N2 = 161 bits; this is sufficient to carry an AMR-NB or AMR-WB SID frame.


With these assumptions in hand, the main complexity resides in the ability to performing the 2 decodes. The first decode is for a payload of at most N1 = 353 bits. The second decode is for a payload of at most N2 = 161. The total number of bits that need to be decoded is therefore at most 353 + 161 = 514 bits.

Consider that the lowest capability UE (Categories 11 and 12) must be able to Turbo decode 3.630 bits in that same amount of time (and process up to 14.000 soft channel bits). Furthermore the UEs typically deployed nowadays can decode 7.298 bits.

Noting that there is no other Turbo decoding on the HS-DSCH required when HS-SCCH-less operation occurs, we conclude that the proposed HS-SCCH-less operation can be accommodated within the existing Release 5 UE complexity. The additional burden results from the fact that the turbo decoder must always be run twice for each and every TTI during which the UE could have been scheduled.
Note that parallel decoding of the HS-SCCH within a subframe happens in the same way as in regular Rel-5 operation. 
4.x.2.3
CRC Discussion

If a 16-bit CRC was to be used for HS-PDSCH transmissions for the HS-SCCH-less formats, instead of the traditional 24-bit CRC, the false alarm rate would be 2-16. 

At each TTI the UE decodes 2 possible ways; if any of these decodes incorrectly triggers the CRC to check, a packet will be incorrectly forwarded to the upper-layers.

With 2 decodes per TTI and a false alarm rate of 2-16, we get that the mean time between false alarms will be:
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With a 24-bit CRC we get a false alarm rate of 
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From the above false alarm computations for both CRC lengths, retaining the 24-bit CRC for HS-PDSCH is, therefore, recommended. Since the UE MAC ID is 16 bits, just part of the HS-PDSCH CRC will be covered by the UE MAC ID.
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