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1 Introduction

The performance of the RACH for TDD mode may be enhanced by offering the flexibility that is currently available for FDD mode:

a) Support for both 10ms and 20ms TTI (currently TDD is restricted to 10ms only)

b) Support for multiple transport formats per RACH transport channel (currently TDD is restricted to a single transport format per RACH)

An additional possible enhancement (c) that is currently not supported by FDD or TDD is the addition of a second FEC option, 1/3 rate convolutional coding (the existing FEC option being ½ rate convolutional coding).

The motivation for the enhancements is discussed in section 2.
2 Motivation

2.1 Enhancement (a) – support for 20ms TTI

Longer TTI’s in general bring link performance benefits, exploiting diversity in fading channels.  This performance improvement may be used to increase RACH capacity, improve coverage, or reduce UE Tx power.
The longer TTI is likely to affect RACH collision probability unless the TTI’s are always time-aligned.  Consideration of this effect is required when contemplating the introduction of a 20ms TTI.

In addition to link performance improvements, there may also be benefits from a higher layer perspective when increasing the RACH TTI.

The current restriction of RACH TTI to 10ms and spreading factor to 8 or 16 means that transport block set sizes on RACH are limited.  Assuming an unpunctured ½ rate convolution code and 16 bit CRC, an SF16 RACH/PRACH combination can support one transport block of 92 bits.  Whilst this may be adequate for some common RRC messages on RACH, this small transport block size is not commonly used for data on UL DCH / USCH.  As such, transport channel type switching between RACH and DCH/USCH when using AM RLC can limit the transport block sizes available for use on DCH/USCH.  Decreasing the SF to 8 can to some extent alleviate this problem although this does reduce overall cell coverage of the RACH.
The introduction of a 20ms TTI allows for an approximate doubling of the transport block size whilst not degrading overall coverage of RACH (since the UE transmit power is distributed over two separate transmissions).  In fact the coverage may actually improve as a result of the Eb/No performance improvement.

The longer TTI therefore allows for larger transport block sizes and reduces the restrictions on transport block size employed for UL DCH/USCH when using transport channel type switching.

A disadvantage of the introduction of a 20ms TTI is that the mean latency of traffic on RACH will marginally increase.
2.2 Enhancement (b) – Multiple Transport Formats per RACH

In the current TDD specifications each RACH/PRACH combination can use only one transport format.  PRACH therefore does not carry TFCI.
This however does not preclude UTRAN configuring multiple RACH/PRACH combinations, each one having a single (but different) transport format.
Conversely, the use of multiple transport formats per RACH transport channel is allowed for in the current FDD specifications.

The use of multiple transport formats per RACH would allow the RACH to support variable data rates, potentially delivering lower rates at the cell edge (for coverage purposes) and higher rates closer to the cell centre.  As for other UL CCTrCH the TFC for RACH/PRACH would be selected by the UE based upon the volume of data pending and the transmission power requirement of the TFC relative to a maximum allowed transmission power set by UTRAN.
Even though the current specifications do support the configuration of different transport formats for different RACH’s, this cannot be used to provide the variable rate functionality described above.  This is due to the fact that unlike conventional TFC selection for DCH/USCH, the RACH/PRACH selection procedure in UE does not consider the transmission power required for the format when selecting a particular RACH/PRACH.

If multiple transport formats were allowed per RACH then due to the fact that the transport block size is a dynamic attribute of the RACH transport channel, different transport block sizes may be configured for different TFC’s as is typical for FDD.  This may bring benefits from a higher layer perspective associated with transport channel type switching (as per the extended 20ms TTI of section 2.1).  Alternatively, if the transport block size is held constant, different TFCs may use different numbers of transport blocks, allowing variable rate on the RACH according to the UE`s location in the cell.
2.3 Enhancement (c) – Addition of 1/3 rate FEC Option
Currently the allowed FEC coding type is restricted to ½ rate convolutional coding for both FDD and TDD.  The addition of a second FEC option, 1/3 rate convolutional coding, in addition to 1/2 rate convolutional coding may allow the RACH to benefit from the available coding gain this affords.  This, in return, may bring about the following benefits:

· improved Eb/No performance

· increased RACH capacity

· increased RACH coverage

· reduction in UE transmit power

The addition of turbo coding to RACH is a possibility although support for turbo coding remains a UE capability in Release 5 and this clearly raises issues surrounding initial RRC connection via RACH.  In addition the relatively small code block segment size on RACH would suggest that the gain of turbo codes over convolutional codes is likely to be small.  It is not therefore suggested to include turbo FEC for RACH.
3 Conclusion

It is proposed that the study of the enhancements to RACH is included within TR 25.804 “Feasibility Study on Uplink Enhancements for UTRA TDD (Release 6)”.

A text proposal for the overview section “6.4 - Physical Layer Enhancements” of 25.804 is ncluded in section 5.
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6.4
Physical Layer Enhancements

Editor's Note: 
This section describes enhancements that are confined to the physical layer.
6.4.1
Enhancements to the Existing RACH/PRACH

The performance of the RACH for TDD mode may be enhanced by offering the flexibility that is currently available for FDD mode:

a) Support for both 10ms and 20ms TTI (currently TDD is restricted to 10ms only)

b) Support for multiple transport formats per RACH transport channel (currently TDD is restricted to a single transport format per RACH)

An additional possible enhancement (c) that is currently not supported by FDD or TDD is the addition of a second FEC option, 1/3 rate convolutional coding (the existing FEC option being ½ rate convolutional coding).

The motivation for the above RACH enhancements is discussed in sections 6.4.1.1 through 6.4.1.3.

6.4.1.1
Extension of TTI to include 20ms

Longer TTI’s in general bring link performance benefits, exploiting diversity in fading channels.  This performance improvement may be used to increase RACH capacity, improve coverage, or reduce UE Tx power.

The longer TTI is likely to affect RACH collision probability unless the TTI’s are always time-aligned.  Consideration of this effect is required when contemplating the introduction of a 20ms TTI.

In addition to link performance improvements, there may also be benefits from a higher layer perspective when increasing the RACH TTI.

The current restriction of RACH TTI to 10ms and spreading factor to 8 or 16 means that transport block set sizes on RACH are limited.  Assuming an unpunctured ½ rate convolution code and 16 bit CRC, an SF16 RACH/PRACH combination can support one transport block of 92 bits.  Whilst this may be adequate for some common RRC messages on RACH, this small transport block size is not commonly used for data on UL DCH / USCH.  As such, transport channel type switching between RACH and DCH/USCH when using AM RLC can limit the transport block sizes available for use on DCH/USCH.  Decreasing the SF to 8 can to some extent alleviate this problem although this does reduce overall cell coverage of the RACH.

The introduction of a 20ms TTI allows for an approximate doubling of the transport block size whilst not degrading overall coverage of RACH (since the UE transmit power is distributed over two separate transmissions).  In fact the coverage may actually improve as a result of the Eb/No performance improvement.

The longer TTI therefore allows for larger transport block sizes and reduces the restrictions on transport block size employed for UL DCH/USCH when using transport channel type switching.

A disadvantage of the introduction of a 20ms TTI is that the mean latency of traffic on RACH will marginally increase.

6.4.1.2
Multiple Transport Formats per RACH Transport Channel

In the current TDD specifications each RACH/PRACH combination can use only one transport format.  PRACH therefore does not carry TFCI.

This however does not preclude UTRAN configuring multiple RACH/PRACH combinations, each one having a single (but different) transport format.

Conversely, the use of multiple transport formats per RACH transport channel is allowed for in the current FDD specifications.

The use of multiple transport formats per RACH would allow the RACH to support variable data rates, potentially delivering lower rates at the cell edge (for coverage purposes) and higher rates closer to the cell centre.  As for other UL CCTrCH the TFC for RACH/PRACH would be selected by the UE based upon the volume of data pending and the transmission power requirement of the TFC relative to a maximum allowed transmission power set by UTRAN.
Even though the current specifications do support the configuration of different transport formats for different RACH’s, this cannot be used to provide the variable rate functionality described above.  This is due to the fact that unlike conventional TFC selection for DCH/USCH, the RACH/PRACH selection procedure in UE does not consider the transmission power required for the format when selecting a particular RACH/PRACH.

If multiple transport formats were allowed per RACH then due to the fact that the transport block size is a dynamic attribute of the RACH transport channel, different transport block sizes may be configured for different TFC’s as is typical for FDD.  This may bring benefits from a higher layer perspective associated with transport channel type switching (as per the extended 20ms TTI of section 6.4.1.1).  Alternatively, if the transport block size is held constant, different TFCs may use different numbers of transport blocks, allowing variable rate on the RACH according to the UE`s location in the cell.
TFCI would clearly have to be introduced to PRACH to support this functionality.
6.4.1.3
Addition of 1/3 Rate FEC Option

Currently the allowed FEC coding type is restricted to ½ rate convolutional coding for both FDD and TDD.  The addition of a second FEC option, 1/3 rate convolutional coding, in addition to 1/2 rate convolutional coding may allow the RACH to benefit from the available coding gain this affords.  This, in return, may bring about the following benefits:

· improved Eb/No performance

· increased RACH capacity

· increased RACH coverage

· reduction in UE transmit power
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