
3GPP TSG RAN WG1#23

Tdoc R1-02-0067

Espoo, Finland

January 08 –11, 2002

Agenda item:
5.5

Source: 
IPWireless

Title:
HS-SCCH Coding for 3.84Mcps TDD

Document for:
Discussion and decision
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1 Introduction

This document provides a suggested encoding for the HS-SCCH
 for 3.84Mcps TDD. Since missed HS-SCCH bursts lead to missed HS-DSCH resource, it is important to optimise the C/I performance of the HS-SCCH (the channel carrying allocation information).

This document assumes the use of a UE-ID coloured CRC with a 12-bit CRC; the document and proposal are easily modified for the case of a 16-bit CRC.
2 TFRI Coding of Resource Allocation

2.1 Allocations Contiguous in Code Domain

The resource allocation information within the TFRI signals the start and end of an HSDPA allocation to a UE as [(start timeslot, start code),(end timeslot, end code)]. It is assumed that the allocated resource is contiguous. In [3], whether the allocation should be contiguous in the code domain or within the timeslot domain was left as an open issue. This document proposes that HSDPA TDD allocations are contiguous within the code domain.

The advantage of allocations that are contiguous in the time domain is that there is time diversity within the TTI. However, the scheduler should be allocating resource to track fast fading, thus the performance gains from taking advantage of time diversity are likely to be small.  In addition, the TTI will not be greater than 10ms and so time diversity will be significant only for fast vehicular speeds.

The advantage of allocations that are contiguous in the code domain is that such allocations can reduce the Node B buffering and / or processing requirements, and significant UE power consumption savings may be gained due to the fact the RF portions of the receiver need be active for less of the time.

If the timeslot index is it (0 ≤ it ≤ 14) and the code index is ic (0 ≤ ic ≤ 15), then let the index of the physical resource be labelled m = 16* it+ ic. An allocation of N HSDPA 3.84Mcps TDD resource units will use resources labelled between m and m + (N-1).

2.2 Coding of Allocations

The TDD allocation is signalled as the (start timeslot, start code) and (end timeslot, end code) pairs. In [4], bit-efficient methods for signalling allocations for HSDPA FDD are described. In [5], a method of coding FDD allocations where the allocation messages are self-decodable on the fly without requiring the use of tables is described. This bit efficient method reduces the number of bits required for signalling allocation messages from 8 bits to 7 bits for FDD. A saving of 1 bit can also be realised for TDD using a technique similar to that described in [5].

It is noted that for a TDD allocation, the end timeslot must be later than (or the same as) the start timeslot. There is no such relationship for the start code and end code (unless the start timeslot is the same as the end timeslot). If the TDD allocation message is rearranged as (start timeslot, end timeslot) and (start code, end code), then a bit efficient signalling method can be applied to the (start timeslot, end timeslot) pair.

Following the method of [5], the start and end timeslots are clustered. The sum of the start timeslot and end timeslot in a cluster is a constant (in this case, 14). The possible (start timeslot, end timeslot) pairs may then be written into a matrix such that one cluster forms one row of the matrix. A suggested coding of the matrix is shown in Figure 1. 
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Figure 1 - Matrix for encoding HSDPA timeslot allocations

The matrix of Figure 1 is encodable according to the rules :

three first bits CW1 
= min(14 - TSend, TSend + 1)

four last bits CW2 
= TSstart x (TSend ≥ 7) + (14 – TSstart) x (TSend ≤ 6)

where (TSend ≥ 7) and (TSend ≤ 6) are either 1 or 0 depending on whether the respective condition is fulfilled or not.

For example to signal (start timeslot, end timeslot) = (3,4) :

CW1 
= min( 14 – 4, 4 + 1 ) = 5 = ‘101’

CW2
= 3 x (4 ≥ 7) + (14 – 3) x (4 ≤ 6) = 11 = ‘1011’

Hence, the encoding for (start timeslot, end timeslot) = (3,4) is ‘1011011’

In pseudo-code, encoding and decoding algorithms can be represented as :

encoding :
if (TSend ≥ 7)

{


CW1 = 14 - TSend;


CW2 = TSstart;

}

else

{


CW1 = TSend + 1;


CW2 = 14 - TSstart;

}

decoding :

if (CW2 > 14 - CW1)

{


TSstart = 14 - CW2;


TSend = CW1 - 1;

}

else

{


TSstart = CW2;


TSend = 14 - CW1;

}

The number of bits required to code the allocation for 3.84Mcps TDD by the above method is 15 bits.

3 HS-SCCH Coding

For 3.84Mcps TDD, the HS-SCCH must carry the following information (from [1]) :

	UE-ID
	UE-ID and CRC
	12 bits

	TFRI
	Resource allocation
	15 bits

	
	Modulation
	1 bit

	
	Transport block set size and transport channel ID
	9 bits

	HARQ
	HARQ process identifier
	3 bits

	
	New data indicator
	1 bit

	
	Incremental redundancy version number
	2 bits


There are thus a total of 43 bits that need to be carried by the HS-SCCH in order to carry allocation information.

The number of bits that may be carried by any of the three possible burst types is much greater than the 43 bits that need to be carried by HS-SCCH. The HS-SCCH will be a low data rate channel with a high processing gain, this is good from a performance perspective. Due to the high processing gain, it is proposed that burst type 1 is used for HS-SCCH. In this way, the performance of HS-SCCH will not be degraded by the performance of the HS-SCCH midamble.

There are 1952 chips per burst type 1, excluding midamble and guard period chips. At SF16, there are thus 244 bits per burst. The available redundancy is used to channel code and rate match the 43 information bits.

To provide some backward compatibility with Release 99, it is proposed to use the R=1/3, constraint length 9 Release 99 convolutional code and Release 99 rate matching. It is noted that block codes do not allow reuse of Release 99 components. A scheme using a convolutional code concatenated with a first order Reed Muller code was investigated, but this did not outperform the proposed convolutional code / rate matching scheme at the C/I of interest. The use of a convolutional code and rate matching for TDD aligns with HS-SCCH channel coding for FDD [6].

Figure 2 defines the proposed HS-SCCH coding scheme.
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Figure 2 - Proposed HS-SCCH Coding

4 Text Proposal

Below is a text proposal for 25.858 for the proposed HS-SCCH coding.

In the text proposal below, it is also clarified that TPC bits are only required on HS-SCCH for 1.28Mcps TDD.

-----------------------------------------------8.1-------------------------------------

8.1.3.1
SCCH-HS 

For each HS-DSCH TTI, each SCCH-HS carries HS-DSCH-related downlink signalling for one UE. The following information is carried on the SCCH-HS:

· UE Identifier
Since the SCCH-HS  may be being monitored by more than one UE, an identifier is required to identify the intended recipient. The UE Identifier is a 10 bit field that is combined with the CRC. Generation and length of the CRC field is ffs. 

· Transport-format and Resource related Information (TFRI)
The TFRI includes information about the dynamic part of the HS-DSCH transport format 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:


Table 1
	Parameter
	1.28 Mcps TDD
(5ms TTI)
	3.84 Mcps TDD
(10ms TTI)

	Resource Allocation (resource is allocated incrementally in the code domain, then in the timeslot domain)
	12 bits
(code + timeslot allocation)
	15 bits
(code + timeslot allocation)

	Modulation
	1 bit
	1 bits

	Transport Block Set Size and Transport Channel ID
	6 bits
	9 bits



· HARQ
This is information that identifies to the UE the relationship between the current data being sent and other blocks sent previously. 

· HARQ process identifier = 3 bits

· New data indicator =1 (2 bits ffs)

· Incremental redundancy version number = 2 bits

· Uplink Synchronisation for 1.28 Mcps
2 Synchronisation bits (SS) are used to maintain synchronisation for the associated High-Speed Information  Channel (HICH).

· TPC for 1.28Mcps
2 TPC bits are used optionally to control the power of the associated HICH

8.1.3.1 SCCH-HS Structure for 3.84Mcps TDD

 Burst Type 1 which has a data payload of  244 bits is used for HS-SCCH. The TFRI, HARQ information and CRC / UE-ID are combined into a single 43 bit field. The Release 99 rate 1/3 convolutional encoder expands this field to 153 bits. Rate matching matches these 153 bits to the 244 bits available in burst type 1. The coding and multiplexing process for HS-SCCH is given in Figure 3 below :

[image: image2]
Figure 3 - Coding and multiplexing of 3.84Mcps TDD
--------------------------------------------------------end text proposal-------------------------------------------------------

5 Conclusion

This document proposes coding and multiplexing for HS-SCCH of HSDPA 3.84Mcps TDD. The coding is based on the Release 99 convolutional encoder and rate matching (repetition) and burst type 1 is used. This coding allows for reliable reception of HS-SCCH at the UE.

The document includes a text proposal for 25.858.

6 References

[1] R1-01-1352 3GPP TR 25.858 v0.2.0 High Speed Downlink Packet Access : Physical Layer Aspects. Rapporteur

[2] TS 25.302 HSDPA-Draft Services provided by the physical layer. 
[3] R1-01-1088 3.84 Mcps TDD Signalling for HSDPA. RAN WG1 adhoc meeting on HSDPA. Sophia Antipolis, France. 5-7 November 2001. IPWireless.

[4] R2-12A010070 Transport format and resource signalling for HSDPA. WG1-WG2 joint ad-hoc meeting. Sophia Antipolis, France. 5 November 2001. Motorola.

[5] R1-01-1184 Compact signalling of multi-code allocation for HSDPA. WG1 # 22, Jeju, Korea. 19-23 November 2001. Nokia.
[6] R1-01-1354 Draft minutes of WG1 #22 meeting. RAN1 Secretary.












































































end timeslot











start timeslot





guard   (96 chips)





midamble (512 chips)





Field 2 (122 bits)





Field 1 (122 bits)





Burst formatting





244 bits





Rate matching





Conv. Coding 1/3 Rate





(43 + 8) x 3 = 153 bits





Tail bit attachment





8





43 bits





CRC / UE-ID (12 bits)





HARQ (6 bits)





TFRI (25 bits)





Field coding and multiplexing





HS-SCCH data





TFRI (25 bits)





CRC / UE-ID (12 bits)





HARQ (6 bits)





TFRI (25 bits)





HARQ (6 bits)





CRC / UE-ID (12 bits)





HS-SCCH data





Field coding and multiplexing





TFRI (25 bits)





HARQ (6 bits)





CRC / UE-ID (12 bits)





43 bits





8





Tail bit attachment





(43 + 8) x 3 = 153 bits





Conv. Coding 1/3 Rate





Rate matching





244 bits





Burst formatting





Field 1 (122 bits)





Field 2 (122 bits)





midamble (512 chips)





guard   (96 chips)








� The document assumes the nomenclature “HS-SCCH” of 25.302 [2] for the shared control channel.
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