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1. Introduction
On the email reflector after RAN WG1 #38bis meeting in Seoul, there were discussions and some harmonized decisions on the E-DPDCH spreading and code allocation as in [1]. However, lots of points were remained FFS such as the order of code allocation for E-DPDCH multicodes transmission, exact code branches, and indexes for E-DPCCH and E-DPDCH. In addition, the code allocation for HS-DPCCH should be considered in the case of E-DCH only mode (i.e. Nmax_dpdch=0). In this contribution, we investigate the preferable combination of  code allocation for dedicate uplink physical channels from the viewpoint of uplink PAR.

2. Code allocation for uplink physical channels in HSUPA
When E-DCH is used, we can consider two cases. The first one is the case that legacy DPDCH(s) and E-DPDCH(s) are simultaneously configured (i.e. Nmax_dpdch≥1) and the other is the case that only E-DPDCH(s) are configured (i.e. Nmax_dpdch=0).

In the first case, code allocation for DPCCH, HS-DPCCH and DPDCH should follow the way in Release 5, and code allocation for E-DPCCH and E-DPDCH is to be determined based on the decision in [1]. In the second case, code allocation for DPCCH should follow the way in Release 5 and code allocation for HS-DPCCH, E-DPCCH and E-DPDCH is to be determined.

2.1 Revisit of previous contribution when Nmax_dpdch=1
In the last contribution [2], we showed the PAR and CM results for the possible combination of uplink physical channels in the assumption that Nmax_dpdch=1 is the most frequent case. In this case, the legacy DPDCH is on I branch and DPCCH is on Q branch. Accordingly, because the data traffic channel uses more power than control channel, the combination of E-DPDCH on Q branch and E-DPCCH on I branch showed better PAR characteristic due to the power balance between I and Q branch. From the results, the conclusion can be drawn that E-DPCCH is mapped to I branch and E-DPDCH is mapped on Q branch first. Figure 1 shows the code mapping and the proposal is given below. 

· Proposal: the allocation of uplink physical channels when Nmax_dpdch=1

· DPCCH (256,0) on Q branch as in Release 5

· HS-DPCCH (256,64) on Q branch as in Release 5

· DPDCH1 (SF,SF/4) on I branch as in Release 5

· E-DPCCH on I branch 

· E-DPDCH on Q branch first 
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Figure 1. Code allocation for uplink physical channels when Nmax_dpdch=1

2.2 PAR results of various combination of code indexes for uplink physical channels when Nmax_dpdch=0

In the case of Nmax_dpdch=0, we propose to keep the code allocation rule of E-DPCCH and E-DPDCH  as that of Nmax_dpdch=1 for the consistency. That is E-DPCCH on I branch and E-DPDCH on Q branch. In addition, because DPCCH and E-DPDCH are on the Q branch and E-DPCCH is on the I branch, HS-DPCCH is better mapped on I branch for the balance between I and Q branch. For the efficient code tree utilization for the data channels, E-DPCCH and HS-DPCCH are mapped on the sub-codes of the OVSF codes of (SF=4, index=0). Figure 2 shows the code mapping.
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Figure 2. Code allocation for uplink physical channels when Nmax_dpdch=0

In order to find the preferable code indexes for the channels, we show simulation results. Simulation environment settings about gain factor, SF and code index are listed in Table 1.

Table 1. Simulation environments settings for simulation when Nmax_dpdch=0

	Gain Factor &

(SF, code index)
	DPCCH
	DPDCH
	HS-DPCCH
	E-DPCCH
	E-DPDCH
	Note

	E1 (Fig.4)
	15 (256,0)
	N/A
	15 (256,y)
	15 (128,x)
	N/A
	Simulations

to find code index

for HS-DPCCH

and E-DPCCH

	E2 (Fig.5)
	15 (256,0)
	N/A
	15 (256,y)
	30 (128,x)
	N/A
	

	E3 (Fig.6)
	15 (256,0)
	N/A
	30 (256,y)
	30 (128,x)
	105 (2,1)
	

	E4 (Fig.7)
	15 (256,0)
	N/A
	15 (256,y)
	15 (256,x)
	N/A
	

	E5 (Fig.8)
	15 (256,0)
	N/A
	15 (256,y)
	15

(256,mod(y+32,64))
	15 (256,x)
	Simulations

to find code index

for E-DPDCH

	E6 (Fig.9)
	15 (256,0)
	N/A
	15 (256,y)
	15

(256,mod(y+32,64))
	30 (64,x)
	

	E7 (Fig.10)
	15 (256,0)
	N/A
	15 (256,y)
	15

(256,mod(y+32,64))
	60 (16,x)
	


*Note that mod(a, b) means modulus operation 

*the numbers in the table mean Gain Factor (SF, index)
*x means variable along the x-axis and y means variable along the y-axis in the Fig.4~10

Figure 4, 5, 6, and 7 show PAR and CM results of E1, E2, E3, and E4 settings of Table 1, respectively. In these simulations, DPCCH and E-DPDCH are fixed to (256,0) and (2,1), respectively, and the code index of HS-DPCCH varies along the y-axis of a figure and the code index of E-DPCCH varies along the x-axis. The color at the cross point of the lattice represents the degree of magnitude of PAR or CM with the combination of code index y of HS-DPCCH and code index x of E-DPCCH. The dark-blue means the lowest value of CM or PAR and the dark-red means the highest value.

From these results, we can conclude that certain patterns of code index combination of HS-DPCCH and E-DPCCH show the lowest PAR and CM regardless of gain factor (E1 vs. E2) and the existence of E-DPDCH (E1 vs. E3).

The pattern that is marked by the black solid line in Figure 4 and Figure7 can be represented as follows.

In the case that E-DPCCH’s SF=128 (E1),
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and in the case that E-DPCCH’s SF=256 (E4),
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where x is code index of E-DPCCH and y is code index of HS-DPCCH.

Therefore, we can choose code indexes of HS-DPCCH and E-DPCCH based on these relations.

Figure 8, 9, and 10 show PAR and CM results of E5, E6, and E7 settings of Table 1. In these simulations, DPCCH is fixed to (256,0), and the code indexes of HS-DPCCH and E-DPCCH vary along the y-axis, and the code index of E-DPDCH1 varies along the x-axis. In these figures, the number along the y-axis means the code index of HS-DPCCH and the number along the x-axis means the code index E-DPDCH. In addition, equation (1) or (2) is used for the relations between code indexes of HS-DPCCH and E-DPCCH is used. 

In these results, (256,64), (64,16) and (16,4) are the code indexes of E-DPDCH that show the lowest PAR and CM regardless of the indexes of HS-DPCCH and E-DPCCH. The code indexes can be represented by (SF, SF/4). Accordingly, we can conclude that the code index of (SF, (SF/4( ) is preferable for E-DPDCH1 to get the lowest PAR and CM, where ( ( means round towards infinity. ( ( is adopted for the shift from the code index of (4,1) to (2,1), because (2,0) which is the parent code of (4,1) cannot be used for E-DPDCH due to the confliction with the code index of (256,0) for DPCCH. 

From all the results above, the code index of HS-DPCCH is free to choose in the case of Nmax_dpdch=0, because the choice of code index hardly affects the PAR or CM when the code index of E-DPDCH is fixed. However, we should consider the case of Nmax_dpdch=1, where legacy DPDCH is mapped to the code index (SF,SF/4) on I branch and HS-DPCCH to the code index of (256,64) on Q branch. From the result of [3], E-DPCCH with (128,1) shows the lowest PAR. Therefore, we agree with allocating the code index of (128,1) for E-DPCCH. In that case, from the equation (1), (256,34) is the preferable for the code index of HS-DPCCH. If the SF of E-DPCCH is 256, (256,2) is for E-DPCCH and (256,34) for HS-DPCCH. 
· Proposal: the allocation of uplink physical channels when Nmax_dpdch=0

· DPCCH (256,0) on Q branch as in Release 5

· HS-DPCCH (256,34) on I branch
· E-DPCCH (128,1) or (256,2) on I branch
· E-DPDCH1 (SF, (SF/4( ) on Q branch

2.3  Consideration on the case of Nmax_dpdch≥1

For the performance and consistency, (128,1) or (256,2) on I branch can be used for the code index of E-DPCCH in any case of Nmax_dpdch. However, because legacy DPDCH and E-DPDCH share the code tree, there are some restrictions in the allocation for code index of E-DPDCH according to the Nmax_dpdch.
In case of Nmax_dpdch=1,  (SF, (SF/4( ) cannot be used for the code index of E-DPDCH1, because of possible confliction with the code index of HS-DPCCH, i.e. (256,64) on Q branch. Likewise, in case of Nmax_dpdch≥2, it conflicts with the code index of DPDCH2, i.e. (4,1) on Q branch. Therefore, for the cases of Nmax_dpdch≥1, (SF, SF/2) is preferable for the code index of E-DPDCH1 because (256,128) (64,32) and (16,8) have the best PAR characteristics among the available code indexes which are sub-codes of (2,1) on Q branch, according to the Figure 8, 9, and 10.

· Proposal: the allocation of uplink physical channels when Nmax_dpdch≥1

· DPCCH (256,0) on Q branch as in Release 5

· HS-DPCCH as in Release 5

· DPDCH(s) are as in Release 5

· E-DPCCH (128,1) or (256,2) on I branch

· E-DPDCH1 (SF, SF/2) on Q branch

2.4  Alternatives for the code mapping of E-DPDCH/E-DPCCH/HS-DPCCH

According to the discussions above, we may consider following two alternatives for the code mapping of E-DPDCH/E-DPCCH/HS-DPCCH.

(a) Alternative A

	Nmax_dpdch
	E-DPDCHs
	Note

	Nmax_dpdch=0
	E-DPDCH1 (SF, (SF/4( ) on Q branch

E-DPDCH2 (2,1) on I branch

E-DPDCH3 (4,1) on Q branch

E-DPDCH4 (4,1) on I branch
	SF={2,4,8,16,32,64,128,256}

* E-DPDCH3 and E-DPDCH4 shall always be transmitted simultaneously
* SF=2 cannot be used because DPDCH4 can use the code of (4,3) on Q branch when Nmax_dpdch=4, or 5

	Nmax_dpdch≥1
	E-DPDCH1 (SF, SF/2) on Q branch

E-DPDCH2 (2,1) on I branch if available
	


(b) Alternative B

	Nmax_dpdch
	E-DPDCHs
	Note

	Nmax_dpdch≥0
	E-DPDCH1 (SF, SF/2) on Q branch

E-DPDCH2 (2,1) on I branch if available

E-DPDCH3 (4,1) on Q branch if available

E-DPDCH4 (4,1) on I branch if available
	SF={2,4,8,16,32,64,128,256}

* E-DPDCH3 and E-DPDCH4 shall always be transmitted simultaneously

* SF=2 cannot be used because DPDCH4 can use the code of (4,3) on Q branch when Nmax_dpdch=4, or 5.


In alternative A, the branch of the code index for the E-DPDCH1 is changed according to Nmax_dpdch. However, it doesn’t seem to be quite a burden on the transceiver while it offers the best PAR characteristics.

In alternative B, the code index of (SF,SF/2) for E-DPDCH1 is kept regardless of Nmax_dpdch. However,  the usage of sole (SF,SF/2) cause a loss in PAR performance compared with alternative A.

Therefore, it is preferable to employ alternative A as the code allocation method for uplink physical channels in HSUPA.

3. Proposals

We investigated the code indexes for E-DPCCH, E-DPDCH and HS-DPCCH. The proposal for code allocation is depicted in Figure 3 and summarized as follows. Related text proposal for TR25.808 is also attached at the end of this paper. 

· DPCCH (256,0) on Q branch as in Release 5

· HS-DPCCH (256,34) on I branch when Nmax_dpdch= 0 

HS-DPCCH (256,1) on I branch when Nmax_dpdch=2, or 4

HS-DPCCH (256,64) on Q branch when Nmax_dpdch=1

HS-DPCCH (256,32) on Q branch when Nmax_dpdch=3, or 5

· DPDCH(s) are as in Release 5.

· E-DPCCH (128,1) or (256,2) on I branch

· E-DPDCH1 (SF, (SF/4( ) on Q branch when Nmax_dpdch= 0

E-DPDCH1 (SF, SF/2) on Q branch when Nmax_dpdch ≥ 1
· E-DPDCH2 (2,1) on I branch if available

· E-DPDCH3 (4,1) on Q branch and E-DPDCH4 (4,1) on I branch simultaneously, if available
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Figure 3. Proposal for the code allocation for uplink physical channels
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(a) PAR
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(b) CM

Figure 4. PAR and CM results for E1 setting

E1: HS-DPCCH (I,256,y) beta=15, E-DPCCH (I,128,x) beta=15 and DPCCH (Q,256,0) beta=15
* The colors of cross point of the lattice mean the degrees of magnitude of the PAR or CM with the combination of code index y of HS-DPCCH and code index x of E-DPCCH.

* The dark blue means the lowest value of CM or PAR and the dark red means the highest value.
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(a) PAR
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(b) CM

Figure 5. PAR and CM results for E2 setting
E2: HS-DPCCH (I,256,y) beta=15, E-DPCCH (I,128,x) beta=30 and DPCCH (Q,256,0) beta=15
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(a) PAR
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(b) CM

Figure 6. PAR and CM results for E3 setting
E3: HS-DPCCH (I,256,y) beta=30, E-DPCCH (I,128,x) beta=30,

DPCCH (Q,256,0) beta=15 and E-DPDCH (Q,2,1) beta=105
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(a) PAR
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(b) CM

Figure 7. PAR and CM results for E4 setting
E4: HS-DPCCH (I,256,y) beta=15, E-DPCCH (I,256,x) beta=15 and DPCCH (Q,256,0) beta=15
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(a) PAR
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(b) CM

Figure 8. PAR and CM results for E5 setting
E5: HS-DPCCH (I,256,y) beta=15, E-DPCCH (I,256,mod(y+32,64)) beta=15,

DPCCH (Q,256,0) beta=15 and E-DPDCH (Q,256,x) beta=15
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(a) PAR
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(b) CM

Figure 9. PAR and CM results for E6 setting
E6: HS-DPCCH (I,256,y) beta=15, E-DPCCH (I,256,mod(y+32,64)) beta=15,

DPCCH (Q,256,0) beta=15 and E-DPDCH (Q,64,x) beta=30
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Figure 10. PAR and CM results for E7 setting

E7: HS-DPCCH (I,256,y) beta=15, E-DPCCH (I,256,mod(y+32,64)) beta=15,

DPCCH (Q,256,0) beta=15 and E-DPDCH (Q,16,x) beta=60
------ Start of the Text Proposal ------
10
Spreading and Modulation

Editor's note: This chapter is supposed to capture the changes to TS25.213

10.1
E-DPDCH

10.1.1
Spreading
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Figure 10.1.1: E-DPDCH spreading
The E-DPDCH spreading is described in figure 10.1.1.

The specific parameters are listed in table 10.1.1 assuming that it is possible to use SF=2 for the E-DPDCH (working assumption) and in table 10.1.2 assuming that the minimum SF to be used for E-DPDCH is higher than 2. It is FFS whether both sets of configurations will be specified.

Table 10.1.1: Multiplexing parameters for the E-DPDCH (SFmin=2)
	E-DPDCHk
	iqed,k
	ed, k

	E-DPDCH1
	j (Q branch)
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ed otherwise
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	1 (I branch)
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	E-DPDCH3
	j (Q branch)
	ed

	E-DPDCH4
	1 (I branch)
	ed


Table 10.1.2: Multiplexing parameters for the E-DPDCH (SFmin > 2)

	E-DPDCHk
	iqed,k
	ed, k

	E-DPDCH1
	j (Q branch)
	ed

	E-DPDCH2
	1 (I branch)
	ed

	E‑DPDCH3  E‑DPDCH5
	j (Q branch)
	ed

	E-DPDCH4  E‑DPDCH6
	1 (I branch)
	ed


For configurations in table 10.1.1, E-DPDCH3 and E-DPDCH4 shall always be transmitted simultaneously.

For configurations in table 10.1.2, E‑DPDCH3 and E‑DPDCH4 as well as E‑DPDCH5 and E‑DPDCH6 shall always be transmitted simultaneously.

The definition and quantization of the ed value is FFS. The ed value is relative to the DPCCH signal level.

10.1.2
Code allocation

10.1.2.1
Channelization code

The E-DPDCH is spread by code Cch as defined in table 10.1.3 (working assumption) or table 10.1.4. It is FFS whether both set of configurations will be specified.

Table 10.1.3: Channelization code for the E-DPDCH (SFmin=2)
	Channel
	Channelization code  Cch

	E-DPDCH1
	Cch,SF,(SF/4( , if Nmax_dpdch=0
Cch,SF,SF/2, if Nmax_dpdch= 1,2,3,4,5

	E-DPDCH2
	Cch,2,1

	E-DPDCH3,4
	Cch,4,1

	
	

	
	

	
	

	
	

	
	


For configurations in table 10.1.3, SF=2 cannot be used for E-DPDCH if  Nmax_dpdch = 4, or 5.

Table 10.1.4: Channelization code for the E-DPDCH (SFmin>2)
	Channel
	Channelization code  Cch

	E-DPDCH1
	Cch,SF,SF/4, if Nmax_dpdch= 0
Cch,SF,SF/2, if Nmax_dpdch= 1,2,3,4,5

	E-DPDCH2…6
	Cch,4,FFS



10.1.2.2
Scrambling

E-DPDCH scrambling is the same as DPDCH scrambling.

10.2
E-DPCCH

10.2.1
Spreading

The E-DPCCH spreading is similar to the DPCCH spreading. The specific parameters are listed in table 10.2.1.

Table 10.2.1: Multiplexing parameters for the E-DPCCH
	Channel
	Branch
	Gain

	E-DPCCH
	1 (I branch)
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The ec value is signalled by higher layers and is relative to the DPCCH signal level. The value range for ec is FFS. 
10.2.2
Code allocation

10.2.2.1
Channelization code

The E-DPCCH is spread by code Cch as defined in table 10.2.1 or table 10.2.2. In table 10.2.1, it is assumed that SF=128 is to be used for the E-DPCCH, and in table 10.2.2, it is assumed that SF=256 to be used for the E-DPCCH.

Table 10.2.1: Channelization code for the E-DPCCH (SF=128)
	Channel
	Channelization code  Cch

	E-DPCCH
	Cch,128,1


Table 10.2.2: Channelization code for the E-DPCCH (SF=256)
	Channel
	Channelization code  Cch

	E-DPCCH
	Cch,256,2



10.2.2.2
Scrambling

E-DPCCH scrambling is the same as DPCCH scrambling.
10.x
HS-DPCCH

When Nmax_dpdch =0, the HS-DPCCH spreading and code allocation should be considered.
10.x.1
Spreading

The HS-DPCCH spreading in case of Nmax_dpdch=0 is the same as the case that Nmax_dpdch is even number in Release 5.
10.x.2
Code allocation
10.x.2.1
Channelization code

The HS-DPCCH is spread by code Cch as defined in table 10.x.1. 
Table 10.x.1: Channelization code for the HS-DPCCH
	Nmax_dpdch
	Channelization code  Cch

	0
	Cch,256,34

	1
	Cch,256,64

	2,4,6
	Cch,256,1

	3,5
	Cch,256,32
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