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1 Introduction
Code tree sharing is part of the new study item “Synchronized E-DCH” proposed in ‎[1]. This contribution studies the impact on Peak to Average Power Ratio (PAPR)
 caused by code tree sharing in the uplink. We consider code tree sharing where all UEs in a cell share one code tree and also code tree sharing where the UEs have their own code tree for control channels but share the code tree for E-DPDCH. 
2 Simulations
The power offsets considered in this report are shown in Table 1, where SF is the E-DPDCH spreading factor and M is the modulation (2=BPSK, 4=4PAM). The E-DPDCH power offset is chosen to keep the power per bit independent of modulation and spreading factor.
	Channel
	Power offset [dB] 

	DPCCH
	0

	HS-DPCCH
	4.1

	E-DPCCH
	1 

	E-DPDCH
	12 + 10*lg10(4/SF) + 10*log10(M/2)


Table 1: Power offsets considered in this contribution. 

We further assume that IQ-pairs of E-DPDCH are used and that no DPDCH is used. The existing configurations satisfying these assumptions, see ‎[4], are shown in Table 2.
	Channel
	Code
	Modulation

	DPCCH
	Q(256,0)
	

	HS-DPCCH
	Q(256,33)
	

	E-DPCCH
	I(256,1)
	

	E-DPDCH
	IQ(4,1)
IQ(2,1)
IQ(2,1) + IQ(4,1)
IQ(2,1) + IQ(4,1)
	BPSK (2)
BPSK (2)
BPSK (4)
4PAM (4)


 Table 2: Existing configurations.
2.1 Code tree sharing for all channels
We first assume that all users in a cell share the same code tree for both control channels and data channels. The fixed code allocations used in existing configurations are therefore, in general, not possible to use. Instead the control channel codes will be semi-static and the data channel codes will be dynamic. We assume that the DPCCH will use its own code and that the E-DPCCH and HS-DPCCH share the same code but uses different branches. This should be consistent with ‎[2].

2.1.1 Control code selection
The contribution ‎[3] considered randomly chosen channelization codes for the control channels. The impact on the PAPR and on the availability of low spreading factors for E-DPDCH can be improved by good assignment of channelization codes. 

Figure 1 through Figure 3 show the PAPR as a function of E-DPCCH/HS-DPCCH code for different E-DPDCH codes. We consider a pair of E-DPDCH with spreading factors four, two different DPCCH codes, 0 and 32, and the two possibilities of IQ-branch selection for the E-DPCCH/HS-DPCCH pair. 
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Figure 1: PAPR as a function of E-DPCCH code, for E-DPDCH code 1.

The choice of control codes has an impact on the PAPR that is less than 0.4 dB. The PAPR is kept low if the E-DPCCH/HS-DPCCH code is selected from another block of 32 codes than the DPCCH and if the control channel with highest power is placed on the opposite branch compared to the DPCCH. Putting the E-DPCCH on the I-branch is therefore a good choice if it may be boosted. The impact in this example is, however, small as the power difference between E-DPCCH and HS-DPCCH is relatively small.
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Figure 2: PAPR as a function of E-DPCCH code, for E-DPDCH code 2.
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Figure 3: PAPR as a function of E-DPCCH code, for E-DPDCH code 3.
Table 3 shows a spreading factor efficient code selection strategy. The control channels are added one by one to the upper part of the code tree. The lower part can be used by E-DPDCH.
	Channel
	Code for UE #k

	DPCCH
	Q(256, 2k )

	HS-DPCCH
	Q(256, 2k+1)

	E-DPCCH
	I(256, 2k+1)


Table 3: “SF efficient” code selection.

Table 4 shows a PAPR efficient code selection strategy. The control codes are in this case placed with a distance of 32.
	Channel
	Code for UE #k

	DPCCH
	Q(256, k )

	HS-DPCCH
	Q(256, 32+k)

	E-DPCCH
	I(256, 32+k)


Table 4 : “PAPR efficient” code selection.

 The E-DPCCH is in both cases placed on the I-branch.
2.1.2 Data code selection
The data channels, E-DPDCH, may be assigned to the codes not occupied by control channels. This section will investigate the impact of the chosen E-DPDCH code. 
We first consider a pair of BPSK modulated E-DPDCH with spreading factor four in order to compare with an existing configuration. The PAPR as a function of the DPCCH code for different E-DPDCH codes (Ced) are shown for the “SF efficient” code selection and the “PAPR efficient” code selection, in Figure 4 and Figure 5, respectively. Comparing the PAPR we see that we loose nothing (“PAPR efficient”) or 0.2-0.3 dB (“SF efficient”) if we use good combinations of UE numbers and E-DPDCH codes. We may loose up to almost 1 dB if we use bad combinations of DPCCH codes and E-DPDCH codes. Assigning good combinations of DPCCH codes and E-DPDCH codes will therefore be important. Note, however, that we by necessity must schedule less attractive E-DPDCH codes when the good ones already are in use. We see that using E-DPDCH code three increases the PAPR with about 0.5 dB compared to the existing configuration (assuming good DPCCH selection).
The corresponding results for spreading factor 16 are shown in Figure 6 and Figure 7. We see that there can be up to about 1.5 dB PAPR difference between good and bad code selections. We also see that there are groups of UE numbers for which the PAPR is similar. The number of group members depends on the E-DPDCH spreading factor. The PAPR for each group depends on the E-DPDCH code.

We now return to the case with spreading factor four and consider a UE using the “PAPR efficient” code combination DPCCH code 0 and E-DPCCH/HS-DPCCH code 32. The PAPR as a function of E-DPDCH power offset is shown in Figure 8. We see that the impact of new control codes is very small if the optimal E-DPDCH code is considered. The PAPR loss due to non-optimal E-DPDCH code is up to about 1 dB. The loss decreases as the E-DPDCH power offset increases
. The PAPR as a function of E-DPCCH power offset is shown in Figure 9. The behaviour is similar to the PAPR as a function of the E-DPDCH power offset.
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Figure 4: SF efficient. SF=4.  
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Figure 5: PAPR efficient. SF=4.
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Figure 6: SF efficient. SF=16.
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Figure 7: PAPR efficient. SF=16.
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Figure 8: PAPR as a function of E-DPDCH power offset.
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Figure 9: PAPR as a function of E-DPCCH power offset.
2.2 Code tree sharing for data traffic

We now assume that UEs have their own code trees for control channels and share code tree for data channels (E-DPDCH). We further assume that the physical channels on the two scrambling codes are slot aligned.

The PAPR using one code tree and two code trees is shown in Table 5 for the case with one pair of E-DPDCH. The values are independent (almost) of the chosen E-DPDCH code. We see that the PAPR increases with between 1-1.5 dB for this example.

	SF
	Modulation
	PAPR today
	PAPR sharing

	4
	BPSK
	4.3 dB
	5.6 dB

	4
	4PAM
	5.5 dB
	6.5 dB

	2
	BPSK
	4.3 dB
	5.7 dB

	2
	4PAM
	5.2 dB
	6.5 dB


Table 5: PAPR using one code tree and two code trees.
3 Conclusion
Simulations for the case where all UEs share the same code tree show that the PAPR difference between different code selections is up to 1.5 dB for the studied cases. The increase is due to non-optimal selection of channelization codes. The PAPR impact is reduced by scheduling good combinations of E-DPDCH codes and control codes. It is, however, necessary to use less attractive E-DPDCH codes, when several UEs are scheduled at the same time. The PAPR using a less attractive E-DPDCH code can, for the studied cases, be 1 dB worse than the best E-DPDCH code. 

Simulations for the case where each UE uses their own code tree in addition to a shared code tree, show that the PAPR increases with 1-1.5 dB for the studied cases. The increase is mainly due to the usage of two different scrambling codes and we therefore only expect a minor PAPR reduction for an optimal selection of channelization codes.
It is proposed to capture the contents of this contribution in TR 25.823.
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� We will not consider the Cubic metric in this contribution as the 3GPP definition is configuration dependent and optimized for the currently specified configurations.


� The PAPR/CM converges to the PAPR/CM for the dominating channels as their power offset increases.
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