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1. Introduction
In RAN WG1 #37 meeting at Montreal, there was a discussion about physical channel mapping for uplink E-DCH [1][2]. After discussion we agreed with following basic principles.

· DPCCH is mapped on the same channelisation code as in Release 5 to ensure backward compatibility.

· The legacy DPDCH(s) that may carry DCH traffic should be mapped on the same channelisation code as in Release 5 to ensure backward compatibility.

The remaining issues are as follows: 

· whether the code multiplexing for E-DCH and DCH is used 

· how we map the HS-DPCCH

In this contribution we discuss the remaining issues.

2. Code/time multiplexing for E-DCH and DCH

At first, let us note the current decision on CCTrCH of E-DCH and TTI length. We decide in the joint session with RAN WG2 in last meeting that one CCTrCH of E-DCH is assumed, 10 ms TTI is assumed, and 2 ms TTI needs further study. 

Based on the current decision, a CCTrCH that carries both E-DCH and DCH is not supported. One possibility of time multiplexing of both CCTrCHs may be spreading factor reduction [3]. The benefit of time multiplexing of E-DCH and DCH may be low PAR. However, since E-DCH transmission frequently requires multicode transmission, the PAR benefit seems to be reduced. In point of soft handover, we assume that E-DCH CCTrCH is time multiplexed with DCH CCTrCH. When UE enters soft handover with a Release 5 node B, the Release 5 node B receives DCH frame including DCH and E-DCH data. Thus the detection of DCH in Release 5 node B would result in frame error and that would degrade the DCH performance of selection combining in RNC. 

From above discussion, if we support time multiplexing, the addressed problem should be solved. Therefore, we prefer code multiplexing for E-DCH and DCH at the current situation. From now on, we focus on the physical channel code mapping for code multiplexing option.

3. Physical channel code mapping
In the current specification in 25.213, code mapping for HS-DPCCH is described as follows: HS-DPCCH is mapped to the I branch in case that maximum number of DPDCH over all TFCs in TFCS (defined as Nmax-dpdch) is even, and mapped to the Q branch otherwise. The I/Q mapping of HS-DPCCH is not changed in case frame by frame TFCI change or temporary TFC restriction.

The key point in code mapping of HS-DPCCH is whether Nmax-dpdch includes codes for E-DCH or not. In the first option, we can define Nmax-dpdch to be the maximum number of sum of DPDCHs and E-DPDCHs in Release 6. In the second option, we can separately define the maximum number of DPDCHs and the maximum number of E-DPDCHs. Hence we can define Nmax-dpdch to be the maximum number of DPDCHs only in this option. Both options guarantee the backward compatibility in the point of code mapping for HS-DPCCH. In the first option, the resource allocation for E-DCH by scheduler may be inaccurate since the number of DPDCH in some instant cannot be expected. However, UE can efficiently use the code resource for E-DCH transmission within the limit of Nmax-dpdch. In the second option, scheduler can allocate the resource for E-DCH more accurately due to fixed allocation of codes for DCH traffic. However, in real situation DCH traffic would be limited to voice data and control signalling, and then one code would be enough for DCH traffic. Therefore, large value of Nmax-dpdch would result in restriction of E-DCH transmission.

4. Code mapping of E-DPDCH
In this section, we compare the PAR of both options. The assumptions of the PAR analysis for code mapping of E-DPDCH is as follows:

· Multiple codes for E-DPDCH should be permitted only SF of 4 as in Release 5.

· E-DPDCH code mapping should be done to minimize the PAR.

In the first option, code allocation rule of Release 5 can be applied. For example, we assume that Nmax-dpdch is 3 and one DPDCH and two E-DPDCHs are configured with HS-DPCCH. Then code for DPDCH is cch,SF,SF/4 in I branch and codes for E-DPDCH is cch,4,1 in Q branch and cch,4,3 in I branch, respectively. The code for HS-DPCCH is cch,256,32 in Q branch. 

In the second option, E-DPDCH code allocation can be different according to existence of HS-DPCCH. Firstly, we assume that Nmax-dpdch is 1 and two E-DPDCHs are configured without HS-DPCCH. Then code for DPDCH is cch,SF,SF/4 in I branch and codes for E-DPDCH is cch,4,1 in Q branch and cch,4,3 in I branch, respectively. Secondly, we assume that Nmax-dpdch is 1 and two E-DPDCHs are configured with HS-DPCCH. Then code for DPDCH is cch,SF,SF/4 in I branch and code for HS-DPCCH is cch,256,64 in Q branch. Codes for E-DPDCH is cch,4,3 in I branch and cch,4,3 in Q branch, respectively. The first E-DPDCH code can be mapped in I branch or Q branch. In this case, cch,4,1 cannot be allocated in Q branch for E-DPDCH because the child code of cch,4,1 should be used for HS-DPCCH. From this observation, only 5 codes for DPDCH and E-DPDCH can be assigned if we cannot use cch,4,0 in I branch. 

We make PAR analysis for both options using following assumptions in Table 1. Note that we assign the fifth code for E-DPDCH to cch,4,0 in I branch in the second option. However, this may result in problem due to the code allocation in code tree as DPCCH.  The results are shown in Figure 1. If the number of codes for E-DPDCH is odd number, the first option shows better PAR performance. However, if the number of codes for E-DPDCH is even number, the second option shows better PAR performance. In the second option, the effect of mapping order for E-DPDCH does not seem to be significant. 

Table 1. PAR simulation assumptions

	First option
	Nmax-dpdch

Beta factor [3]

Code mapping
	1/2/3/4/5/6
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DPCCH: Q branch, SF=256, cch,256,0
DPDCH: I branch,  SF=4, cch,4,1
SF=64, cch,64,16
HS-DPCCH: Q branch, SF=256, cch,256,64 if Nmax-dpdch=1

I branch, SF=256, cch,256,1 if Nmax-dpdch=2,4,6

Q branch, SF=256, cch,256,32 if Nmax-dpdch=3,5

E-DPDCH1: Q branch, SF=4, cch,4,1
E-DPDCH2: I branch, SF=4, cch,4,3
E-DPDCH3: Q branch, SF=4, cch,4,3
E-DPDCH4: I branch, SF=4, cch,4,2
E-DPDCH5: Q branch, SF=4, cch,4,2

	Second option
	Nmax-dpdch

Beta factor [3]

Code mapping
	1
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DPCCH: Q branch, SF=256, cch,256,0
DPDCH: I branch,  SF=4, cch,4,1
SF=64, cch,64,16
HS-DPCCH: Q branch, SF=256, cch,256,64
E-DPDCH1: (I branch, SF=4, cch,4,3)/(Q branch, SF=4, cch,4,3)

E-DPDCH2: (Q branch, SF=4, cch,4,3)/(I branch, SF=4, cch,4,3)

E-DPDCH3: (I branch, SF=4, cch,4,2)/(Q branch, SF=4, cch,4,2)

E-DPDCH4: (Q branch, SF=4, cch,4,2)/(I branch, SF=4, cch,4,2)

E-DPDCH5: I branch, SF=4, cch,4,0
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Figure 1. PAR results for both options according to the number of codes for E-DPDCHs. (a) SF of DPDCH is 4 and (b) SF of DPDCH is 64.

5. Conclusions and further study

We discuss the physical channel code mapping for E-DCH. In the first option, 6 (E-)DPDCH can be configured without allocating the code tree used for DPCCH and UE can efficiently manage the allocated codes by scheduler. Based on the discussion, the first option for E-DCH code mapping seems to be acceptable. In addition, if we define the maximum number of legacy DPDCH, scheduler can allocate the resource for E-DCH more accurately. 

The existence and mapping of E-DPCCH should be investigated further.
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