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1
Introduction

During the RAN#37 plenary meeting, the WI “Enhanced Uplink for Cell-FACH state in FDD” was agreed in [1] with the intention to allow 
· transmission of background traffic such as HTTP requests and keep alive messages in CELL_FACH, avoiding transition to CELL_DCH state or repeated random access to deliver the required data amount and

· a fast and smooth transition from CELL_FACH to CELL_DCH. 

[2] shows an overview for the concept of direct E-DCH access in Cell-FACH state. This document gives more detailed overview how resource assignment could be done. 

2
Resource assignment using AICH
As indicated in [2], the aim is to start E-DCH transmission as soon as Node B has given E-DCH resources for the UE after the UE has requested E-DCH resources from the Node B. It’s proposed that AICH would be used to signal a resource index for the UE because it’s fast and reliable way to signal one bit information per one signature. Also no additional delay is created compared to R’99 method to get physical resources.
The UE may request E-DCH resources for example by selecting a PRACH access slot/signature combination dedicated to E-DCH access when initiating the random access procedure. This information would be broadcast to the cell. In order to start E-DCH transmission, the following dedicated resources need to be assigned to the UE:

· E-RNTI for E-AGCH CRC mask
· UL scrambling code

· F-DPCH code 

· F-DPCH symbol (Rel. 7 F-DPCH)

· E-RGCH/E-HICH code
· E-RGCH/E-HICH signature index

· E-AGCH code
Above resources can be written into table form, example presented in Appendix A, and only an index to that table is needed to be signalled in the access procedure. Because E-DCH allocation time can be much longer compared to R’99 RACH having allocation time of only one TTI it’s important to design the resource assignment method so that available resources are efficiently used. Thus, assuming that the resource assignment is performed within random access procedure, R’99 type one-to-one mapping where each selected preamble is tied to one specific resource is too inefficient and blocking probability may increase. To make the resource assignment method more efficient the Node B should have some freedom to choose the resource to be given to the UE. Here two ways are proposed for further investigation, namely one-to-many mapping and signature combinations.
One-to-many mapping: 
In one-to-many mapping each PRACH signature sequence is associated (mapped) with one (normal R’99 method) or several AICH signature sequences.  This association can be provided as system information or by standardized rules and is static i.e. each PRACH signature is associated with n > 1 AICH signature sequences. Each signature is associated with a set of E-DCH resources (an index to E-DCH resource table) Table 1 shows two examples of one-to-many mapping when each PRACH preamble signature reserved for E-DCH will corresponds to two or four separate E-DCH resource indices when 8 E-DCH resources are available. The UE tests each of the AICH signatures associated with its selected RACH preamble signature. If one of those has a value "1" (ACK) it can use E-DCH with the resource set assigned to that signature. If “-1” is detected in the first associated signature then UE acts like in R’99 when received NACK. This method reduces the possible preamble signatures for the UE to choose from, thus increasing the preamble collision probability, but on the other hand this method provides more freedom for Node B to assign free resources, thus decreasing the blocking probability of resources.
Table 1 Examples of one-to-many mapping with different degree of freedom of Node B
	4 PRACH signatures and 8 E-DCH resources
	2 PRACH signatures and 8 E-DCH resources

	UE transmitted PRACH preamble signature
	Node B transmitted AICH signature
	E-DCH resource index
	UE transmitted PRACH preamble signature
	Node B transmitted AICH signature
	E-DCH resource index

	1
	1 (+1)
	1
	1
	1 (+1)
	1

	
	2 (+1)
	2
	
	2 (+1)
	2

	3
	3 (+1)
	3
	
	3 (+1)
	3

	
	4 (+1)
	4
	
	4 (+1)
	4

	5
	5 (+1)
	5
	5
	5 (+1)
	5

	
	6 (+1)
	6
	
	6 (+1)
	6

	7
	7 (+1)
	7
	
	7 (+1)
	7

	
	8 (+1)
	8
	
	8 (+1)
	8


Signature combinations:
In signature combinations set of associated AICH signatures could be used to encode the signalled resource index in by means of binary combinations. This could be implemented so that for each allocated PRACH preamble an exclusive set of AICH signatures are reserved as in the one-to-many mapping, but when the PRACH preamble is detected all corresponding AICH signatures are used to form a resource assignment word. One word, e.g. all “-1” AICHs could mean negative acknowledgement, all other combinations could be interpreted as pointing to a specific E-DCH resource set broadcast over BCH. I.e. after transmitting a PRACH preamble the UE would need to detect N AICH signatures.

Table 2 gives two examples of this method in cases where two or three signatures are reserved for binary combinations to point to the available E-DCH resources. One can notice that latter case requires detection of three AICH signatures where the former one requires two.
Table 2 Example of signature combinations
	2 PRACH signatures and 6 E-DCH resources – two associated AICH signatures per PRACH (4 in total)
	1 PRACH signatures and 7 E-DCH resources – three associated AICH signatures

	UE transmitted PRACH preamble signature
	Node B transmitted AICH signatures
	E-DCH resource index
	UE transmitted PRACH preamble signature
	Node B transmitted AICH signatures
	E-DCH resource index

	1
	1,2 (-1, -1)
	NACK
	1
	1,2,3 (-1,-1,-1)
	NACK

	1
	1,2 (-1, +1)
	1
	1
	1,2,3 (-1,-1,+1)
	1

	1
	1,2 (+1, -1)
	2
	1
	1,2,3 (-1,+1,-1)
	2

	1
	1,2 (+1,+1)
	3
	1
	1,2,3 (-1,+1,+1)
	3

	2
	3,4 (-1, -1)
	NACK
	1
	1,2,3 (+1,-1,-1)
	4

	2
	3,4 (-1, +1)
	4
	1
	1,2,3 (+1,-1,+1)
	5

	2
	3,4 (+1, -1)
	5
	1
	1,2,3 (+1,+1,-1)
	6

	2
	3,4 (+1, +1)
	6
	1
	1,2,3 (+1,+1,+1)
	7


The above examples can obviously be expanded up to the 16 AICH signatures supported by todays specification, where the first example would have 8 PRACH preambles and could select one out of three E-DCH resources for each detected preamble. The second example would have 5 PRACH preambles, 15 AICH signatures and it could select one out of seven E-DCH resources for each detected preamble.

Alternatively the AICH signatures to be used for resource allocation could be common to all PRACH preambles but each would have a one-to-one mapping to a dedicated acknowledgement signature. The UE getting a positive ACK would read the resource assignment bits. This approach would save the AICH signatures and thus allow for more PRACH signatures to be assigned for use in the cell, but allow only one UE to be positively acknowledged in one PRACH access slot.
3
Discussion
As shown with couple of examples in chapter 2, discussed methods, one-to-many mapping and signature combinations consume AICH signatures in order to provide some freedom for Node B to assign available resources. This leads to having less PRACH signatures that can actually be used in the access procedure. Many possible variations can be generated by changing parameters of the above methods. Qualitative comparison between one-to-one mapping, one-to-many mapping and signature combinations is presented in Table 3.
Table 3 Comparison of resource assignment methods
	
	One-to-one mapping
	One-to-many mapping
	Signature combinations

	PRACH preamble Collision probability
	Low
	Moderate
	Low to Moderate

	Node B freedom (dependency on blocking probability)
	Poor
	Moderate
	Good


One possibility to provide low PRACH preamble collision probability compared to current R’99 mechanism and still some level of freedom for Node B to choose available E-DCH resources not entirely depending on the chosen PRACH preamble signature would be to utilize unused 16 AICH signatures for fast E-DCH access. Currently 16 signatures of length 32 have been defined for AICH. The signatures are Hadamard codes. Thus 16 more signatures can be defined to form a set of totally 32 orthogonal signature sequences. 
4
Conclusion
This document proposes using AICH for providing the fast E-DCH access and presents two possible methods the E-DCH resource allocation for discussion. Due to the longer allocation time of E-DCH when compared to RACH one important aspect is that Node B could be able to efficiently assign available E-DCH resources. Thus one-to-one mapping as used in R’99 RACH might be too inefficient and similarly UEs would encounter blocking, i.e. NACK on AICH. Thus one-to-many mapping and signature combinations and were brought for discussion as methods giving more freedom to Node B to assign resources to the UE. 
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Appendix A

	Index
	UL Scrambling code + IUL_SCR
	F-DPCH code + IFDPCH_code
	F-DPCH symbol
	E-HICH code + IHICH_code
	E-HICH sequence index
	E-AGCH code + IAGCH_code
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	0
	0
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