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1 Introduction

The LS from RAN1 [1] proudly outlines the agreements current working assumptions on the Rel-8 WI “Enhanced Uplink for CELL_FACH State in FDD”:
•
AICH: 

–
N signatures for R99 PRACH access

–
M signatures for EUL access

–
M+N (  16 per AICH channelization code

–
”ACK” on AICH means ”use default configuration specific for the used PRACH preamble signature”

–
”NACK” on AICH means ”read E-AICH” if E-AICH is configured; otherwise it means actual NACK

•
E-AICH 

–
The usage of E-AICH is optional for NodeB (RRC configurable for UE)

–
Max 1 BPSK modulated signature out of a configurable number (from 1 to 16) of contiguous BPSK modulated signatures is transmitted on E-AICH

–
The first of the configured values is reserved for actual NACK

–
Up to 32 values (including NACK) can be signalled

–
The information on E-AICH represents a number to add to the table index of the default configuration (modulo the number of configurations)

In this paper we discuss the RRC signalling needed to support the Enhanced Uplink in Cell_FACH. 

2 RACH preamble allocation

In this section we discuss possible methods for allocating distinguishable preamble sets for R99 RACH and RACH for Cell_FACH (referred to here as E-RACH for short), and for subsequent allocation of E-DCH resources.

2.1 RACH resource provision

Currently, R99 RACH allocation is carried out by RRC signalling, whereby the available PRACH scrambling codes, signatures and sub-channels are broadcast in the cell in System Information Blocks. 

For E-RACH, basically two approaches can be considered:

· partition the existing R99 RACH resources between R99 access and E-RACH, or

· configure additional “RACH-like” resources for E-RACH.

Note: Particularly in the second case it seems preferable to clearly distinguish between resources for R99 RACH and E-RACH in order to minimise any changes to existing specifications covering RACH, and we will follow that approach in the terminology used in this document.

An important factor to consider will be total RACH loading including any change in the expected number of R99 RACH access attempts and any additional E-RACH accesses.  It could be argued that the number of R99 RACH access attempts would not increase as a result of introducing Enhanced Uplink in Cell_FACH, as some R99 RACH accesses would be replaced by E-RACH accesses. However, supporting EUL in Cell_FACH is likely to increase the number of UEs in that state and so it is likely overall that additional access attempts will result (both R99 RACH and E-RACH). 

Partitioning the existing R99 RACH resources between R99 access and E-RACH would reduce the number of PRACH channels available for R99 access, thus increasing the collision probability. 

In some scenarios QoS considerations for E-RACH may also dictate lower collision probabilities than would be acceptable for R99 RACH. 

Therefore it is important to have the possibility to allocate additional resources for E-RACH access attempts. One easy way to achieve this is to define additional  scrambling codes for E-RACH, in addition to the set available for PRACH 

2.2 RACH resource signalling

The E-RACH resources will need to be broadcast in the cell. However, it is important to avoid excessive additional loading on the BCH, and efficient ways of signalling should be found. Preferably, it should not be necessary to duplicate for E-RACH all the PRACH system information which is already present on the BCH. 

Moreover, the signalling of E-RACH resources must not affect the signalling for R99 RACH access, so that legacy UEs are unaffected. 

Having defined an addition set of scrambling codes for E-RACH, one possibility for a low-overhead way to broadcast the E-RACH resource allocation would be to assume that the same resources are available in terms of signatures and subchannels as for R99 RACH, and simply indicate the new scrambling code(s) that are to be used for E-RACH. Legacy UEs would ignore this information, while R8 UEs would read the normal PRACH system information to find out which signatures and sub-channels should be used with the new scrambling code(s). 

In the following example, we show how the PRACH Info message (which appears up to 16 times on the BCH) may be modified to enable PRACH resources for E-RACH to be configured with minimal additional overhead. Only one additional integer is required, thus avoiding doubling the amount of PRACH info signalling on the BCH.
	Information Element/Group name
	Need
	Multi
	Type and reference
	Semantics description
	Version

	CHOICE mode
	MP
	
	
	
	

	>FDD
	
	
	
	
	

	>>Available Signature
	MP
	
	Bit string(16)
	Each bit indicates availability for a signature, where the signatures are numbered "signature 0" up to "signature 15". The value 1 of a bit indicates that the corresponding signature is available and the value 0 that it is not available.
	

	>>Available SF
	MP
	
	Integer (32,64,128,256)
	In chips per symbol

Defines the minimum allowed SF (i.e. the maximum rate)
	

	>>Preamble scrambling code number 
	MP
	
	Integer (0 .. 15)
	Identification of scrambling code see [28]
	

	>>PRACH resource allocation for E-DCH in CELL_FACH
	OP
	
	Integer (0 .. 15)
	Identification of scrambling code for PRACH for E-DCH in CELL_FACH see [28].

If the value of this IE is equal to Preamble scrambling code number, the available signatures for PRACH for E_DCH in CELL_FACH are derived by inverting the bit string for the IE Available Signature, otherwise the available signatures for PRACH for E_DCH in CELL_FACH are given directly by the bit string for the IE Available Signature.
	Rel-8

	>>Puncturing Limit
	MP
	
	Real(0.40..1.00 by step of 0.04)
	
	

	>>Available Sub Channel Number
	MP
	
	Bit string(12)
	Each bit indicates availability for a subchannel, where the subchannels are numbered "subchannel 0" to "subchannel 11". The value 1 of a bit indicates that the corresponding subchannel is available and the value 0 indicates that it is not available.
	


This example enables the E-RACH resources to be either:
· on the same scrambling code as the R99 PRACH resources, but with the complementary set of signatures, or

· on a different scrambling code from the R99 PRACH resources. 

3 Signalling of E-DCH resource configurations

It was agreed in RAN1#51 that a list (common pool) of E-DCH resource configurations is broadcast. As summarised in section 1, the UE can determine a particular E-DCH resource configuration to use from the index indicated by the E-AICH.

It was also agreed in RAN1#51 that an E-DCH resource configuration is defined by the following parameters:

· UL scrambling code

· E-RNTI

· F-DPCH code and time-offset

· E-RGCH/E-HICH code and signatures

· E-AGCH code

· HS-DPCCH parameters (power offsets, CQI)

Therefore the following IEs also need to be broadcast in System Information Block type 5 or System Information Block type 5bis: 
10.x.y.z. E-DCH Resource info for Enhanced CELL_FACH
	Information Element/Group name
	Need
	Multi
	Type and reference
	Semantics description
	Version

	CHOICE mode
	MP
	
	
	
	REL-8

	>FDD
	
	
	
	
	

	>>E-DCH Resource Configuration information 
	MP
	1 to

<maxEDCHs >
	
	
	REL-8

	>>> Preamble scrambling code number
	MP
	
	Integer (0 .. 15)
	Identification of scrambling code see [28]
	REL-8

	>>> E-RNTI
	MP
	
	Bit string(16)
	
	REL-8

	>>> Downlink F-DPCH info for each R
	MP
	
	Downlink F-DPCH info for each RL 10.3.6.23ob
	
	REL-8

	>>> E-RGCH Info
	MP
	
	E-RGCH Info

10.3.6.102
	
	REL-8

	>>> E-AGCH Info
	MP
	
	E-AGCH Info 10.3.6.100
	
	REL-8

	>>> Uplink DPCH info
	MP
	
	
Uplink DPCH info 10.3.6.88
	
	REL-8

	>>> Measurement Feedback Info
	MP
	
	
Measurement Feedback Info 10.3.6.40a
	
	REL-8


4 Conclusions

From the above discussion, we conclude the following:

· In order to avoid increasing the collision probability for R99 RACH, it is important to have the possibility to allocate additional resources for E-RACH access attempts. One easy way to achieve this is to make use of additional scrambling codes or signatures for E-RACH. 

· The access resources available for E-RACH will need to be broadcast in the cell. However, it is important to avoid excessive additional loading on the BCH. The additional broadcast signalling should be efficient, and not involve effectively doubling the amount of PRACH system information which is currently broadcast.

· We propose adding a single new information element to the PRACH info message, allowing a different scrambling code or set of signatures to be configured for E-RACH (as shown in the text proposal above). 

· The set of E-DCH resource configurations also needs to be broadcast as outlined above. 
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