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1 Introduction

This paper discusses the downlink signaling associated with HS-DSCH transmission. The paper discusses what information needs to be explicitly signaled to the UE, the number of information bits needed for each piece of information, and when each piece of information should be available to the UE. From this, a proposal for the associated downlink signaling is derived. The proposal is conceptually similar to the proposal of [1]: 

· Partly overlapping Shared-Control-Channel information and HS-DSCH TTI

· TFRI split into two separately encoded/transmitted parts to allow for early decoding of time-critical information

· CRC calculated over entire set of Shared-Control-Channel information but transmitted in the second part of the Shared Control Channel.

The paper also raises some issues that should preferably be discussed between RAN1 and RAN2:

· What is the required granularity in the dynamic channelization-code allocation? Should full granularity be supported or is some limitation in the granularity acceptable?

· What is the required granularity in the dynamic variations in the transport-block-set size?

· Should the transport-channel identity be conveyed by means of out-band signaling on the Shared Control Channel? 
What is the maximum number of multiplexed HS-DSCH?

· What is the length (in bits) of the UE identity to be transmitted on the Shared Control Channel?
2 HS-DSCH-related downlink signaling

The following physical-channel-related information must be signaled to the UE on a per-TTI basis:

· The Channelization-Code Set, i.e. set of channelization codes on which HS-DSCH is transmitted to the UE

· The Transport-Block-Set Size, i.e. the number of HS-DSCH transport blocks transmitted to the UE

· The modulation scheme used for HS-DSCH transmission
Note that 

· the HS-DSCH transport-block size is a semi-static parameter that does not need to be signaled on a TTI basis,

· the channel-coding rate is implicitly given by the parameters above and does not need to be explicitly signaled 

The parameters above can be seen as a combination of transport-format parameters (transport-block-set size and modulation scheme) and a resource parameter (channelization-code set). We refer to this as a Transport Format and Resource Combination (TFRC) and the related signaling as Transport Format and Resource Information (TFRI). 

The following Hybrid-ARQ-related information must also be signaled to the UE on a per-TTI basis:

· Hybrid-ARQ-process identifier 

· New-data indicator 

· Redundancy version

The above information (TFRI and Hybrid-ARQ-related information) is carried on the Shared Control Channel, the basic structure and relative timing of which is illustrated in Figure 1. According to [2], there is a time offset (HS-DSCH-control between the start of the Shared Control Channel information and the start of the corresponding HS-DSCH TTI. For obvious reasons, this time offset should be as small as possible.

· Reducing (HS-DSCH-control implies an improved performance for scheduling and fast link adaptation.

· For a given Hybrid ARQ round-trip time, reducing (HS-DSCH-control leads to larger available time for UE turbo decoding and/or larger available time for Node B processing, i.e. reduced UE and/or Node B complexity.
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Figure 1 Basic timing relation Shared-Control-Channel information vs. corresponding HS-DSCH TTI 

On the other hand, it has been argued that, for other UE-complexity reasons, it would be desirable if part of the TFRI is available to the UE prior to the start of the HS-DSCH TTI. 

2.1
Channelization-code set

In a cell, N channelization codes will be used for HS-DSCH transmission, where N(15. Simultaneous transmission to multiple UEs on different sub-sets of the N channelization codes is to be supported. This means that the UE must be informed about the exact set of channelization codes on which HS-DSCH is transmitted in a given TTI. The number of information bits needed for this signaling depends on the granularity required in the dynamic HS-DSCH code allocation. Seven information bits (128 combinations) allows for full (one-code) granularity. With fewer bits, full granularity can not be ensured. As an example, five information bits (32 combinations) would allow for full granularity for N(7, but somewhat lower, e.g. partly two-code, granularity for N>7. 

Question: What is the required granularity in the dynamic channelization-code allocation? Should full granularity be supported or is some limitation in the granularity acceptable?
Although a maximum of 15 channelization codes can be used for HS-DSCH transmission, there is an assumption that all HS-DSCH-capable UEs may not be capable of receiving HS-DSCH on 15 channelization codes. Instead it is assumed that the maximum number of codes on which HS-DSCH can be received in a TTI is a UE capability. The exact set of values for this capability has not been decided on. One possibility is that UEs are capable of receiving HS-DSCH transmission on a maximum of 5, 10, or 15 codes. 

It has been argued that the channelization-code set should be known to the UE prior to the start of the HS-DSCH TTI. Otherwise, the UE must either 

· de-spread channelization codes that may not carry HS-DSCH in this TTI, or, 

· buffer the received signal before de-spreading 
For each UE for which HS-DSCH is set up, there is a corresponding set of HS-DSCH TFRCs set up. Each of these TFRCs consists of, in general, different channelization-code sets of, in general, different sizes. However, no TFRC will include a channelization-code set larger than the largest number of channelization codes the UE is capable of receiving. There are four different cases: 

· Case 1:
The code sets of all TFRCs are identical

· Case 2: 
The largest code set includes all other code sets as sub-sets

· Case 3: 
The union of all code sets does not include more codes than the maximum number of codes the UE can receive

· Case 4:
The union of the code sets includes more codes than the maximum number of codes the UE can receive

In the first three cases, the UE is clearly capable of de-spreading all HS-DSCH channelization codes that it may potentially need to receive. Thus, only in Case 4 is there a potential benefit in terms of UE de-spreader complexity if the UE knows the channelization-code set prior to the HS-DSCH TTI. 

The following should also be noted: 

· Case 4 will never occur for high-end UEs that are capable of receiving HS-DSCH transmission on 15 codes.   

· Allocating 15 channelization codes for HS-DSCH transmission will obviously be a very rare case, especially in the early stages of HS-DSCH deployment. If, e.g. only 10 channelization codes are allocated for HS-DSCH transmission Case 4 will only occur for low-end UEs, i.e. UEs capable of receiving HS-DSCH transmission on only 5 channelization codes. If only 5 channelization codes are allocated for HS-DSCH transmission (not a fully unlikely scenario in the early deployment of HS-DSCH), Case 4 will not occur for any HS-DSCH-capable UE.

· The allocation of 15 channelization codes for HS-DSCH transmission, i.e. in principle the allocation of the entire downlink code resource, may be more frequent in future deployment scenarios. However, it can also be expected that high-end UEs capable of receiving HS-DSCH transmission on 15 channelization codes will be more common in the future. 

Thus, in most cases, the UE will be able to receive all N channelization codes and there is a limited benefit with the channelization-code set is available prior to the start of the HS-DSCH TTI. Still, in line with the current assumption of RAN1, the proposal of this paper allows for extraction of the channelization-code information prior to the start of the HS-DSCH TTI. 

2.2
Transport format parameters

2.2.1 

Modulation scheme

A maximum of four different modulation schemes (QPSK, 8PSK, 16QAM, 64QAM) is being discussed for HS-DSCH transmission. To signal the modulation scheme, at most two information bits are thus needed. If only QPSK and 16QAM is to be supported, one information bit is sufficient.

It has been argued that the modulation scheme should be known prior to the HS-DSCH TTI. The main reason for this is that demodulation of the entire set of received symbols would otherwise need to be done after the end of the HS-DSCH TTI, wasting valuable UE processing time. However, to avoid this, it is mainly required that the modulation scheme is known sufficiently prior to the end of the HS-DSCH TTI and not necessarily prior to the start of the TTI.

2.2.2
Transport-block-set size

Assuming a peak data rate of approximately 10 Mbps and a transport-block size of approximately 300 bits, there can be more than 60 transport blocks per TTI. Assuming that full granularity is needed, 6 bits of signaling would then be needed to signal the transport-block-set size. Fine granularity in the transport-block-set size is needed for two reasons: 

· To be able to well match the number of transport blocks transmitted in a TTI to the number of transport blocks waiting for transmission

· To allow for fine granularity in the link adaptation

However, full granularity is probably not needed in case of the large transport-block-set sizes. Also note that there is a dependency between the channelization-code-set size, the modulation scheme, and the transport-block-set size. As an example, a single transport block of size e.g. 300 bits is probably not transmitted using 16QAM modulation and 15 channelization codes. 

Question: What is the required granularity in the dynamic variations of the transport-block-set size?

Note that explicit signaling of the transport-block-set size is only needed for a “first” transmission, i.e. when the New-data indicator equals NEW DATA. For a retransmission (New-data indicator equals NO NEW DATA), the transport-block-set size is implicitly given by the Hybrid ARQ process number as the transport-block-set size does not change between retransmissions. 

Information about the transport-block-set size is not needed until the end of the HS-DSCH TTI, when channel decoding is to be done.

2.2.3.1 Transport Channel identity

The current assumption is that multiple HS-DSCH transport channels can be multiplexed onto one CCTrCH, with the constraint that only one HS-DSCH has a non-zero transport-block-set size in a given TTI. Assuming that the different transport channels may have different transport-block sizes, the transport-channel identity must probably be conveyed by means of out-band signaling on the Shared Control Channel. 

The number of information bits needed for the transport-channel identity depend on the maximum number of multiplexed transport channels. Two bits (a maximum of four multiplexed transport channels) should definitely be enough. Even one bit (a maximum of two multiplexed transport channels) may be sufficient.

Information about the transport-channel identity is not needed until the end of the HS-DSCH TTI.

Questions: 
Should the Transport-channel identity be signaled out-band on the Shared Control Channel?


What is the maximum number of multiplexed HS-DSCH?

2.3
Hybrid-ARQ-related parameters

2.3.1
Hybrid-ARQ-process identifier

Three information bits allows for eight Hybrid-ARQ processes, which should be sufficient. The Hybrid-ARQ-process identifier should be transmitted for each TTI in which HS-DSCH is transmitted. The Hybrid-ARQ-process identifier is not needed until the end of the HS-DSCH TTI. 

2.3.2
New-data indicator

The New-data indicator is a single information bit that indicates if the data in the corresponding HS-DSCH TTI is a “first” transmission or a retransmission of previously transmitted transport blocks. Similar to the Hybrid-ARQ process number, the New-data indicator should be transmitted for each TTI in which HS-DSCH is transmitted but is not needed until the end of the HS-DSCH TTI. 

2.3.3
Redundancy version

Explicit information about the redundancy version is only needed in case of a retransmission i.e. when the New-data indicator equals NO NEW DATA. One possibility is to merge the New-data indicator and redundancy-version signaling. Two (information) bits of signaling could e.g. be used, where {0,0} indicates NEW DATA and {0,1}, {1,0}, and {1,1} indicates NO NEW DATA with three different redundancy versions. 

However, our proposal is to signal the redundancy version separately. Either one bit of information (maximum of two redundancy versions) or two bits of information (maximum of four redundancy versions) is needed for this signaling. 

Similar to the other Hybrid-ARQ-related parameters, the redundancy version does not need to be known before the end of the HS-DSCH TTI

2.4
Other parameters

2.4.1
CRC

The Shared-Control-Channel CRC detects errors in the Shared-Control-Channel information. If such errors are not detected, there may be errors in the Hybrid ARQ combining, e.g. soft combining of data corresponding to two different Hybrid ARQ processes or soft combining with data de-spread and demodulated using an incorrectly decoded TFRC. This may destroy not only the current transmission but also previously received transmissions. Thus errors in the Shared-Control-Channel information, such as errors in the channelization-code set of the transport format, should be detected prior to the Hybrid ARQ combining. However, even if e.g. the channelization-code set is transmitted prior to the HS-DSCH TTI, errors in the channelization-code set does not have to be detected until the end of the HS-DSCH TTI. An error in e.g. the channelization-code set would imply that the wrong channelization codes are de-spread, i.e. loss of data. However, that data would obviously be lost, regardless if the error in the channelization-code set is detected or not. Thus, the CRC does not need to be available prior to the HS-DSCH TTI.

The number of bits needed for the Shared Control Channel CRC depends, among other things on the implicit UE ID, see below. Currently, we assume a CRC length of 12 bits.

2.4.2
UE ID

The UE ID is not explicitly signaled on the Shared Control Channel but is implicitly included in the CRC calculation. Thus, the number of bits of the UE ID should not exceed the length of the Shared-Control-Channel CRC.

Question: What is the required length (in bits) of the UE identity transmitted on the Shared Control Channel?

3 Structure for associated downlink signalling

Table 1 summarizes the assumed number of information bits needed as well as the required availability of each piece of information, based on the discussion in Section 2. Note that there is still some uncertainty in the number of information bits needed for the signaling of the channelization-code set and the transport-block-set size, due to an uncertainty in the required granularity. As can be seen only the channelization-code set is needed prior to the HS-DSCH TTI. Transmitting additional information prior to the HS-DSCH TTI would only lead to a larger value for the offset (HS-DSCH-control, wasting valuable UE processing time and degrading the scheduling performance. As a consequence, in line with [1], we propose a signalling structure where the time-critical parameters are separately coded and transmitted prior to the HS-DSCH TTI, while all other parameters are transmitted in parallel to the HS-DSCH TTI.
Parameter
Number of information bits
Availability

Channelization-code set
5-7
Prior to TTI

Transport format combination
(Transport-block-set size + modulation scheme) 
5-7
Not prior to TTI

Transport-channel identity
1-2
Not prior to TTI

HARQ process identifier
3
Not prior to TTI

New data identifier
1
Not prior to TTI

Redundancy version
2
Not prior to TTI

CRC (implicit UE ID)
12 (?)
Not prior to TTI

Table 1
3.1


Shared Control Channel

The structure of the Shared Control Channel is illustrated in Figure 2. Shared-Control-Channel information corresponding to a specific HS-DSCH TTI is transmitted over three Shared-Control-Channel slots. 

To ensure that the time-critical Shared-Control-Channel information is available as early as possible to the UE, the information is split into two parts

1st Part: 
Information about channelization-code set

2nd Part: 
Information about modulation scheme, transport-block-set size (only for initial transmission), 
Hybrid-ARQ-process identifier, New-data indicator, and redundancy version (only for retransmissions)

The different parts should be separately decoded. For the first part, a block code should be used. One straightforward possibility is to use the R=5/16 TFCI coding of Release 99. For the second part, a block code or a convolutional code should be used.

The CRC should be calculated over the entire Shared Control Channel information and the UE ID. The CRC should then be coded and transmitted together with the second part of the Shared Control Channel information.
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Figure 2
With the proposed structure for the Shared Control Channel, the time-critical parameter (channelization-code set) is received within the first slot of the Shared Control Channel. Thus the time offset (HS-DSCH-control between the start of the Shared-Control-Channel information and the start of the corresponding HS-DSCH TTI could be a small one slot (2560 chips).

Until now, the discussion in RAN1 has focused on spreading factor 256 for the Shared Control Channel. Clearly, this leads to a relatively high code rate for the Shared-Control-Channel signaling. As an alternative, spreading factor 128 can be used for the Shared Control Channel, allowing for lower-rate coding with more coding gain. The selection of spreading factor for the Shared Control Channel (SF=256 or SF=128) depends on if the Shared Control Channel “waste” downlink capacity primarily in the code domain or in the power/interference domain.

3.2
Associated DL DPCH and HS-DSCH indicator

The associated downlink DPCH carries the HS-DSCH Indicator (HI), with one HI per 3 slots. The HI consists of a single QPSK symbol (four different values) that indicates the Shared Control Channel that carries the HS-DSCH-related associated downlink signaling. If no Shared Control Channel carries HS-DSCH-related associated downlink signaling, the HI is DTX.

Due to the possibility for soft-handover operation for the associated downlink DPCH, there will be a one-slot uncertainty in the HI timing. Assuming that the time-critical Shared-Control Channel information is carried in the first slot of the Shared Control Channel, see further below, it clearly does not make any sense to transmit the HI after the end of the first slot of the Shared-Control-Channel information. Thus we propose the following “rule” for the relative timing between the HI and the corresponding Shared-Control-Channel information. 

The timing of the HI of the associated downlink DPCH and the Shared Control Channel is such that the HI is always transmitted prior to beginning of the second slot of the corresponding Shared-Control-Channel information. 

This is illustrated in Figure 3. 
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Figure 3 Maximum-late timing of associated downlink DPCH

Note that, although the discussions on the associated downlink DPCH has mainly focused on spreading factor 512, different spreading factors should be supported. The associated DPCH may e.g. be used to carry additional DCH, e.g. for speech, in which case a spreading factor less than 512 is clearly needed.

4 Summary

This paper discusses the downlink signaling associated with HS-DSCH transmission. Based on this discussion, a proposal for the associated downlink signaling has been derived. The proposal is conceptually similar to the proposal of [1] including: 

· Partly overlapping Shared-Control-Channel information and HS-DSCH TTI

· TFRI split into two separately encoded/transmitted parts to allow for early decoding of time-critical information

· CRC calculated over entire set of Shared-Control-Channel information but transmitted in the second part of the Shared Control Channel.

The paper has also raises some issues that should preferably be discussed between RAN1 and RAN2:

· What is the required granularity in the dynamic channelization-code allocation? Should full granularity be supported or is some limitation in the granularity acceptable?

· What is the required granularity in the dynamic variations in the transport-block-set size?

· Should the transport-channel identity be conveyed by means of out-band signaling on the Shared Control Channel? 
What is the maximum number of multiplexed HS-DSCH?

· What is the length (in bits) of the UE identity to be transmitted on the Shared Control Channel?
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