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Signalling Channel Structures for TDD HSDPA 

1 Introduction

This document considers the structure of the Shared Control Channel and High-Speed Information Channel HICH for TDD HSDPA.

2 Shared Control Channel 

This section considers the structure of the Shared Control Channel. Following data fields carried by the Shared Control Channel  can be identified:

· UE Identifier

· Transport Format and Resource Related Information (TFRI)

· Hybrid-ARQ Related Information (HARQ)

· Uplink Synchronisation (SS)

· Transmit Power Control (TPC)

2.1 UE Identifier

Since the Shared Control Channel  may be being monitored by more than one UE, an identifier is required to identify the intended recipient. It has been proposed that this be implicit within the CRC in [1] and [4], and hence need not be sent explicitly.

In [1] and [4], a combined UE identifier and CRC field of length 16 bits is proposed, which is considered appropriate for TDD as well. This would support UE Id lengths of up to 16 bits, which is sufficient to support the 6-bit UE Id proposed in [2]. The method of generating this field is ffs. A UE specific CRC field can support broadcast messages to multiple UEs just as readily as could an explicit UE identifier.

2.2 TFRI

This is information that identifies to the UE which resources are being used for the HS-DSCH, and how the data is being carried by these resources. 

The TFRI information fields required by the UE are shown along with proposed field sizes for FDD in [3].

· Code allocations = 8 bits

· Modulation format = 2 bits

· Transport block set size/Transport channel Id = 6 bits

A larger field size is proposed for TDD because the timeslots being used must be identified in addition to the channelisation codes in those timeslots. The signalling for this could be minimised by increasing the start/stop code identification. For 1.28 Mcps TDD with 5 potential timeslots carrying HS-DSCH would lead to additional 6 bits additional timeslot identification (TS-ID).
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Figure 1: 

The detailed structure is depicted as an example in Figure 1. The TFRI field has to be extended with the following information:

· Timeslot allocations = 6 bits

As a minimum, however, it is thought that the TFRI field will require at least 22 bits for TDD.

2.3 HARQ

This is information that identifies to the UE the relationship between the current data being sent and other blocks sent previously. Information required by the UE includes e.g.:

· HARQ process identifier

· New data indicator

· Incremental redundancy version number

For the HARQ information, the scheme proposed in [1] and [2] is similar for FDD and TDD. 

2.4 Uplink Synchronisation

Synchronisation bits (SS) are required to maintain synchronisation for the associated High-Speed Information Channel.

In Rel4, the mapping of SS commands to timeslots for Uplink Synchronisation Control (ULSC) for CCTrCHs in 1.28 Mcps TDD is described in [6]. For TDD HSDPA services, however, an additional uplink channel, the HICH, needs be controlled but, since this channel is a physical layer channel only and not a CCTrCH, its timing will not be controlled by the above procedure. Hence the mechanism described in [6] and [7] for signalling timing changes to the UE is adopted for HSDPA. The field size would be 2 bits.

2.5 TPC

As presented in [5], 2 bits TPC commands are recommended optionally for the associated High-Speed Information Channel.

2.6 Data Field Multiplexing and Coding

It is proposed that existing slot formats are used for the Shared Control Channel . To carry all above described information 2 resource have to carry the Shared Control Channel . The 1.28 Mcps Slot Format 5, which  has a data payload of 84 bits is proposed. The normal rate matching algorithm can be used to match the data to the payload of the slot format. In addition, using 2 resources for the Shared Control Channel , open-loop space-time transmit diversity is possible. The following sections describe the coding of the individual data fields.

2.6.1 UE Identifier / CRC

The UE Identifier and CRC are combined into a single field of 16 bits. This field is generated by generating a 16-bit CRC for the combined UE Id, TFRI and HARQ fields. The UE Id is not explicitly transmitted in the Shared Control Channel , and hence the CRC becomes an implicit UE Id, as it will only correctly check out for a UE which re-inserts the correct UE Id before decoding. The generation of a 16-bit CRC is described in [8].

2.6.2 TFRI

No additional individual field coding for the TFRI is proposed.

2.6.3 HARQ

No additional individual field coding for the HARQ is proposed.

2.6.4 SS

The SS bits are coded as described in [6].

2.6.5 TPC

The mapping of the TPC bits is described in [6].

2.6.6  Field Multiplexing and Coding

The UE Identifier / CRC, TFRI and HARQ can be combined into a single field of 44 bits. Using the 1/3‑rate convolutional coder of the standard multiplexing and coding chain [8], this expands the field size to 156 bits. To fit this into two 1.28Mcps TDD slots with format 0 and 5 requires a puncturing rate of 1.1.

2.7 Shared Control Channel Structure

The coding and multiplexing process for the Shared Control Channel  using two 1.28 Mcps slots with format 0 and 5 is given in Figure 3 below. 
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Figure 2: Coding and Multiplexing Example for the Shared Control Channel 

3 HICH

This section considers the structure of the HSDPA Information Channel (HICH). Three data fields have been identified that must be carried by the HICH:

· ACK/NAK

· Quality Indicator

· TPC

3.1 ACK / NAK

If the transport block set received by the UE on the associated HS-DSCH is received without error, then an acknowledgement (ACK) is sent to the NodeB. If an error is detected, a negative acknowledgement (NAK) is sent. The UE can detect an error in the transport block set via the CRC. The ACK / NAK signaling consists of only a single bit of information, and the following mapping is proposed :

Message
Bit Field Representation

ACK
1

NAK
0

Table 1: Mapping of ACK / NAK Message to Bit Field

3.2 Quality Indicator

In order to assist the NodeB in selecting the appropriate modulation scheme and coding rate for the SIR currently being experienced by the UE, it is proposed that the UE sends quality information to the NodeB [1] and [9]. It is proposed that this quality information be the SIR itself, measured on the last HS-DSCH transmission. If the HS-DSCH uses multiple timeslots, then the average SIR value over those timeslots is reported.

SIR measurements can currently be sent to the RNC via the RRC protocol [10], and a mapping has been proposed for this measurement [11]. This mapping has a range from –11 dB to +20 dB, with a step size of 0.5 dB. This equates to 64 possible values, and can be coded with 6 bits. Performance curves for the MCS modes 3.84 Mcps TDD [12] suggest that the optimum switching point between 16-QAM modulation and 64-QAM modulation may lie towards the upper boundary of this range in some environments, and it can be anticipated that it will lie beyond this boundary under certain circumstances. Since negative SIR values are unlikely to be of much use to the UE (remembering that the SIR measurement is despread SIR), it is proposed to shift the range of the measurement by 11 dB, giving a range of 0 dB to 31 dB. Keeping the 0.5 dB resolution, the SIR measurement can be mapped to a 6 bit field as follows:

Reported value
Measured quantity value
Unit

000000
SIR< 0,0 
dB

000001
0,0 ( SIR< 0,5
dB

000010
0,5 ( SIR< 1,0
dB

…
…
…

111101
30,0 ( SIR< 30,5
dB

111110
30,5 (SIR< 31,0
dB

111111
31,0 ( SIR
dB

Table 2: Mapping of SIR Message to Bit Field

If 64-QAM is excluded as a modulation option, then the original mapping described in [11] for the SIR measurement would be suitable.

3.3 TPC

As presented in [5], 2 bits TPC commands are recommended.
3.4 Data Field Multiplexing and Coding

To avoid having to define a new slot format for the HICH, it is proposed to use one of the existing formats contained in [6]. No TFCI or SS bits are required on the HICH. Assuming that spreading factor 16 is used to minimise the resource impact of the HICH, then 1.28 Mcps Slot Format 5 would be suitable, giving a data payload of 84 bits. The rate matching algorithm adjust the size of the payload for Slot Format 5 and for an corresponding 3.84 Mcps TDD Slot Format. Slot Format 5 includes SS bits which are not used in the uplink. However, to reuse Rel4 formats, defining a new slot format was not considered. The following sections describe the coding of the individual data fields.

3.4.1 ACK / NAK

The ACK / NAK bit will be coded by bit repetition, up to a coded field size of 13 bits. Decoding of this bit field will be done in the NodeB, and need not be standardised. The NodeB is at liberty to trade off the probabilities of false ACK and false NAK detection as is deemed appropriate, though in general a higher false NAK probability will accepted as this has less serious consequences for service quality than a false ACK. No CRC for error detection need apply to the ACK / NAK field as an error in this field would be treated as a NAK by the NodeB anyway.

3.4.2 SIR

To avoid the need for a CRC to detect errors in the SIR field, it is proposed that this be suitably coded to minimise the effect of any undetected errors. Since an error in the MSB will have a more significant effect on the MCS decision than an LSB error, it is proposed that each bit of the SIR message be repetition coded according to its significance. Hence the MSB will be repetition coded to 6 bits, the next significant bit to 5 bits and so on. This results in a coded field size of 21 bits. This is illustrated in Figure 3, where b0 is the LSB of the SIR message, and b5 is the MSB. If so desired, the NodeB can further reduce the impact of errors in the SIR field by averaging successive values.
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Figure 3: Field Coding for the SIR Message

3.4.3 TPC

The mapping of the TPC bits is described in [6].

3.4.4 Field Multiplexing and Coding

The ACK / NAK and SIR field can be combined into a single field of 34 bits. It is proposed that this be ½-rate convolutional coded using the standard coding and multiplexing chain [8]. This will expand the field to 84 bits, which is the payload of 1.28 Mcps Slot Format 5. As mentioned previously, the rate matching algorithm can be used to expand the coded field size to an 3.84 Mcps TDD Slot Format.

3.5 HICH Channel Structure

The coding and multiplexing process for the HICH using Slot Format 5 is given in Figure 4 below.


[image: image4.wmf]ACK / NAK

(13 bits)

Field Coding and

Multiplexing

Tail Bit Attachment

34 bits

8

(34 + 8) x 2 = 84 bits

Conv. Coding ½ Rate

84 bits / 5 ms

2nd Interleaving

84 bits

TPC / SS

SS

(2 bits)

TPC

(2 bits)

Field 1

(44 bits)

Slot Formatting (SF=16)

SS

(2 bits)

TPC

(2 bits)

Midamble

(144 chips)

Field 2

(40 bits)

SIR

(21 bits)

ACK / NAK

(1 bit)

HICH Data

SIR

(6 bits)


Figure 4: Coding and Multiplexing Example for the HICH
4 Conclusion

Proposed channel structures for the HICH and Shared Control Channel  have been described. The channel structure for the Shared Control Channel , however, may have to be revisited once the message sizes, in particular for the TFRI, have been agreed.
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