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1
Introduction
The work item on enhanced uplink for CELL_FACH state was recently opened [1] with the objective of improving random access performance in W-CDMA. During the RAN-1 #51 meeting (Jeju, South Korea), it was concluded that only a pointer to the list of the E-DCH resource will be sent to the UE by the NodeB. Based on this working assumption, we propose two candidate E-DCH resource allocation schemes. One is based on using AICH on 2 SF256 channelization codes. The other scheme is based on using an encoding scheme that is derived from the existing HS-SCCH (Part1) encoder. Both methods are highly attractive in terms of scalability, reusability and link efficiency.

2
E-DCH Resource Allocation Design Objective
Our design objective for E-DCH Resource Allocation (E-DCH RA) in CELL_FACH can be summarized as follows:

· Scalable

· The number of E-DCH resources per access preamble signature should be easily scaled (increased) without any change to the design (future proof).
· Reusable

· It would be highly attractive to reuse one of the existing DL channels for the purpose of communicating the E-DCH resource allocation. This would lead to reuse of existing NodeB and UE implementation modules in Release 8 equipment.
· Furthermore, it would be attractive to reuse the existing method of ACK/NACK to a UE in response to reception of an access preamble.

· Link Efficient

· A link efficient method of communicating the access preamble acknowledgement and E-DCH RA bits is highly desirable.
· Fast Resource Allocation

· It would be desirable to communicate the E-DCH RA bits as soon as possible. It would be even more attractive to avoid a separate E-DCH allocation phase and instead communicate the RA bits along with the acquisition indicator (AI) bits by exploiting the existing PRACH/AICH timing relation of τp-a =7680 chips (2ms) or τp-a =12800 chips (3.33ms).

· De-couple  Access Preamble Signature space and E-DCH Resource Allocation space

· In all the E-DCH resource allocation schemes studied so far, there has been a close coupling between the access preamble signature space and the E-DCH resource allocation space. This constraint is unnecessary and prevents a scalable design.

· Number of simultaneous access preambles to acknowledge per access slot

· Based on the collision/blocking probability analysis performed so far, it should be sufficient to acknowledge at most 2 simultaneous access preambles per access slot (5120 chips).
3
E-DCH Resource Allocation using AICH/AICH

Based on the design objectives listed in Chapter 3, we propose a scheme as below:

· Use 2 SF256 channelization codes for the purpose of acquisition indication (AI) and E-DCH resource allocation (E-DCH RA).
· Each of the channelization codes will carry the AICH.

· The first channelization code will indicate the acquisition indicator (AI).

· The second channelization code will carry the E-DCH RA information

· On the first channelization code, a one to one mapping exists between the access preamble signature and the corresponding AI (as in existing specification).

· A +1 sent on the AI will indicate to the UE that the access preamble signature was acquired and that it should demodulate the second channelization code, decode the AICH and refer to bits A1 through A8 for the E-DCH resource allocation information.
· A -1 sent on the AI will indicate to the UE that the access preamble signature was acquired and that it should demodulate the second channelization code, decode the AICH and refer to bits A9 through A16 for the E-DCH resource allocation information.
· If a UE detects a DTX on the AI, it’s behavior will be identical to a UE’s response to a DTX in the existing PRACH procedure.

· The second channelization code (SF 256) carries another AICH, on which the E-DCH RA bits are sent in the form of a combination AI bits:
· Bits A1 through A8 are reserved to carry E-DCH RA bits for the UE for which +1 was sent.
· Bits A9 through A16 are reserved to carry E-DCH RA bits for the UE for which -1 was sent.

· One of the AICH signature combinations will be reserved for a NACK response to the access preamble. The UE’s behavior upon detecting this combination will be identical to a UE’s response to a NACK in the existing PRACH procedure.
· The number of AI bits that a UE monitors will depend on the length of the E-DCH Resource Table sent to the UE in advance plus 2 extra combinations.

· For example, if the length of the E-DCH resource table equals 8, then the UE will monitor 4 bits (A4, A3, A2, and A1). 

 The above scheme is illustrated below in Figure 1.
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Figure 1: Proposed E-DCH Resource Allocation Scheme based on AICH/AICH
Tables 1 and 2 illustrate examples of how access preamble signatures are mapped to AI bits on channelization codes 1 and 2 that carry the AICH which in turn are mapped to an E-DCH resource index.
Table 1: Example of AICH/AICH E-DCH RA Scheme (AI = +1 sent on 1st channelization code)
	UE Transmitted Preamble Signature
	NodeB Transmitted AICH Signature on Channelization Code 1
	NodeB Transmitted AICH Signature on Channelization Code 2
	E-DCH resource index

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

	1
	1 (+1)
	4,3,2,1 (-1,-1,-1,+1)
	E-DCH R1

	1
	1 (+1)
	4,3,2,1 (-1,-1,+1,-1)
	E-DCH R2

	1
	1 (+1)
	4,3,2,1  (-1,-1,+1,+1)
	E-DCH R3

	1
	1 (+1)
	4,3,2,1 (-1,+1,-1,-1)
	E-DCH R4

	1
	1 (+1)
	4,3,2,1 (-1,+1,-1,+1)
	E-DCH R5

	1
	1 (+1)
	4,3,2,1 (-1,+1,+1,-1)
	E-DCH R6

	1
	1 (+1)
	4,3,2,1 (-1,+1,+1,+1)
	E-DCH R7


Table 2: Example of AICH/AICH E-DCH RA Scheme (AI = -1 sent on 1st channelization code)

	UE Transmitted Preamble Signature
	NodeB Transmitted AICH Signature on Channelization Code 1
	NodeB Transmitted AICH Signature on Channelization Code 2
	E-DCH resource index

	1
	1 (-1)
	12, 11, 10, 9 (-1,-1,-1,-1)
	NACK

	1
	1 (-1)
	12, 11, 10, 9 (-1,-1,-1,+1)
	E-DCH R1

	1
	1 (-1)
	12, 11, 10, 9 (-1,-1,+1,-1)
	E-DCH R2

	1
	1 (-1)
	12, 11, 10, 9 (-1,-1,+1,+1)
	E-DCH R3

	1
	1 (-1)
	12, 11, 10, 9 (-1,+1,-1,-1)
	E-DCH R4

	1
	1 (-1)
	12, 11, 10, 9 (-1,+1,-1,+1)
	E-DCH R5

	1
	1 (-1)
	12, 11, 10, 9 (-1,+1,+1,-1)
	E-DCH R6

	1
	1 (-1)
	12, 11, 10, 9 (-1,+1,+1,+1)
	E-DCH R7


The motivation for utilizing two separate AICH sent on two channelization codes, arises mainly from the following:

· Superior link performance of this scheme compared to the AICH Signature combination scheme as discussed in [2]. 

· One could have achieved the same performance as the AICH Signature combination scheme [2]. However, in that case, one would need to introduce different gain scaling factors on each AI bit. This would in turn impact reusability of the existing AICH transmitter implementations in the NodeB, as well as some impact to the existing specification of AICH.

· There is no need to expand the AICH signature table to 32 rows (no impact to specification).

If we use a single channelization code to carry the AI bit (sent on 1st channelization code in the proposed scheme) and the combination of AI bits (sent on the 2nd channelization code in the proposed scheme), for a given AICH transmit Ec/Ior, we distribute the power on each transmitted AI bit uniformly. This in turn leads to inferior missed detection performance when compared to a single AI bit transmission on AICH, as in existing W-CDMA systems.

For example, if there were 1 AI bit and 3 E-DCH RA bits, then the AI bit will always be transmitted 6dB less than the total AICH transmit Ec/Ior, if all the bits were carried by 1 channelization code. The performance of the 1-channelization code AICH based scheme then degrades significantly in terms of missed detection probability compared to the existing AICH scheme when 1 bit is communicated on the AI bit to indicate +1, -1 or DTX.
4
E-DCH Resource Allocation using HS-SCCH (Part1)
Another resource allocation scheme is based on the part I of HS-SCCH channel. With minor modifications, the scheme can achieve the design objectives listed in Section 2. The scheme is described as follows:

· The original part I of HS-SCCH conveys the following information:

· 8 information bits are encoded by rate 1/3 convolutional code and rate matching to 40 bits. Thus there are total 256 valid codewords.

· The 16 H-RNTI bits are encoded by rate 1/2 convolutional code and rate matching to 40 bits.

· The coded bits of information bits are masked by H-RNTI coded bits and spread in one slot with SF=128.
· To achieve lower miss detection and error detection probability, the HS-SCCH part I is transmitted twice in two successive slots. (One access slot is two slots).

· As an alternative, instead of repetition, we could use a SF256 channelization code that carries the 20 symbols over 2 slots.

· Instead of sending AI and E-DCH RA on AICH channels, part I of HS-SCCH will be sent in the same timing as AICH channel. A number of pre-assigned H-RNTI’s are one-one mapped to access preambles for enhanced uplink in CELL_FACH. Out of the total 256 codewords, 8, 16, or 32 codewords are selected to indicate resource indices. The mapping between access preamble and H-RNTI is illustrated for the 8 access preambles case in Table 3. The mapping between codewords and resource indices is illustrated in Table 4. Note that among the selected codewords,  

· The first codeword is will be reserved for a NACK response to the access preamble. The UE’s behavior upon detecting this combination will be identical to a UE’s response to a NACK in the existing PRACH procedure.

· The rest of the codewords are used to indicate a variable number of resources.

· If a UE detects a DTX on the HS-SCCH part I, its behavior will be identical to a UE’s response to a DTX in the existing PRACH procedure.

· The proposed scheme is illustrated below in Figure 2. Note that the figure is illustrated for the case when SF128 is used and repeated twice. If SF256 is used, then there is no repetition involved.
· To ACK or NACK more than one UE accessing in the same slot, additional HS-SCCH channels can be used in the similar manner as shown above. 

Table 3: Mapping between the preambles and H-RNTIs
	Preamble Index
	H-RNTI (16bits)

	1
	0000000000000000

	2
	0101111111000000

	3
	1111010100001000

	4
	1010101011001000

	5
	0011100100010111

	6
	0110011011010111

	7
	1100001010001111

	8
	1001110101001111


Table 4: Mapping between the codewords and resource indices. (8-bit information sequences generated the codewords are used to represent the codewords.)

	Resource Index
	x1
	x2
	x3
	x4
	x5
	x6
	x7
	x8

	NACK
	0
	0
	0
	0
	0
	0
	0
	0

	E-DCH R1
	0
	0
	1
	0
	1
	0
	0
	0

	E-DCH R2
	1
	1
	0
	1
	0
	0
	1
	0

	E-DCH R3
	1
	1
	1
	1
	1
	0
	1
	0

	E-DCH R4
	0
	1
	0
	1
	0
	1
	0
	1

	E-DCH R5
	0
	1
	1
	1
	1
	1
	0
	1

	E-DCH R6
	1
	0
	0
	0
	0
	1
	1
	1

	E-DCH R7
	1
	0
	1
	0
	1
	1
	1
	1

	E-DCH R8
	1
	0
	0
	1
	0
	1
	0
	0

	E-DCH R9
	1
	0
	1
	1
	1
	1
	0
	0

	E-DCH R10
	0
	1
	0
	0
	0
	1
	1
	0

	E-DCH R11
	0
	1
	1
	0
	1
	1
	1
	0

	E-DCH R12
	1
	1
	0
	0
	0
	0
	0
	1

	E-DCH R13
	1
	1
	1
	0
	1
	0
	0
	1

	E-DCH R14
	0
	0
	0
	1
	0
	0
	1
	1

	E-DCH R15
	0
	0
	1
	1
	1
	0
	1
	1

	E-DCH R16
	1
	1
	0
	1
	0
	0
	0
	0

	E-DCH R17
	1
	1
	1
	1
	1
	0
	0
	0

	E-DCH R18
	0
	1
	0
	0
	0
	1
	0
	0

	E-DCH R19
	0
	1
	1
	0
	1
	1
	0
	0

	E-DCH R20
	0
	0
	0
	0
	0
	0
	1
	0

	E-DCH R21
	0
	0
	1
	0
	1
	0
	1
	0

	E-DCH R22
	1
	0
	0
	1
	0
	1
	1
	0

	E-DCH R23
	1
	0
	1
	1
	1
	1
	1
	0

	E-DCH R24
	0
	0
	0
	1
	0
	0
	0
	1

	E-DCH R25
	0
	0
	1
	1
	1
	0
	0
	1

	E-DCH R26
	1
	0
	0
	0
	0
	1
	0
	1

	E-DCH R27
	1
	0
	1
	0
	1
	1
	0
	1

	E-DCH R28
	1
	1
	0
	0
	0
	0
	1
	1

	E-DCH R29
	1
	1
	1
	0
	1
	0
	1
	1

	E-DCH R30
	0
	1
	0
	1
	0
	1
	1
	1

	E-DCH R31
	0
	1
	1
	1
	1
	1
	1
	1
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Figure 2: Proposed E-DCH Resource Allocation Scheme based on part I of HS-SCCH

6
Conclusion

Two candidate schemes for the purpose of E-DCH resource allocation were discussed. Both schemes suitably meet all the design objective requirements in Chapter 2. In particular, the design goal of scalability of number of E-DCH resources per preamble is met by both schemes. For the HS-SCCH (Part 1) scheme, our proposal is to use a spreading factor of 256 in order to conserve the DL code space. The final choice of the E-DCH resource allocation scheme will depend on the link performance comparison of the 2 schemes. The link study of the AICH/AICH based scheme is discussed in [2] while the link evaluation of the HS-SCCH (Part1) scheme is a work in progress.
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