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1.  Introduction

In the last 37th WG1 meeting in Montreal, we have drawn some conclusions on the physical channel structure for enhanced uplink. It was agreed that DPCCH and the legacy DPDCH carrying DCH traffic adhere to the Rel-5 principle regarding the channelization code mapping. However, we have not reached an agreement on that for HS-DPCCH. It was proposed in [1] that HS-DPCCH code allocation is determined from the allowed maximum number of the legacy DPDCHs as in Rel-5. On the other hand, proposal of [2] is that it is determined from the maximum number of DPDCHs carrying either of DCH and E-DCH traffic. If E-DCH traffic is to be carried on a separate code channel, say E-DPDCH, channelization code mapping of E-DPDCH also needs to be determined.

In this contribution, we focus on the code mapping of the HS-DPCCH and E-DPDCH. We show PAR and cubic metric (CM) simulation results for two different code mapping options based on the proposals presented in [1] and [2], respectively.
2. Proposed physical channel structure for the enhanced uplink
We propose that the following aspects are taken into account in designing the physical channel structure:

· DPCCH is mapped on the same channelization code as in Rel-5.

· Each DPDCH code channel can be used either for DCH or for E-DCH traffic, but not simultaneously.

· The legacy DPDCH(s) that may carry DCH traffic should be mapped on the same channelization codes as in Rel-5. 

· HS-DPCCH code allocation is determined from the allowed maximum number of the legacy DPDCHs as in Rel-5. The allowed maximum number of the legacy DPDCHs is defined only for DCH excluding E-DCH.
· Additional control signalling required is carried on the separate code channel called E-DPCCH. Code mapping of the E-DPCCH is FFS and should be designed to minimize PAR.

· Code mapping of the DPDCH(s) that may carry E-DCH traffic, which is called E-DPDCH, is FFS and should be designed to minimize the required power de-rating. 
· Gain factor settings for E-DPDCH and E-DPCCH are FFS.

· Scrambling codes and modulation schemes are the same as in Rel-5.
3. Channelization code mapping of E-DPDCH

In Rel-5, the Node B is able to know the number of uplink DPDCHs for a given TTI by decoding the TFCI carried on the corresponding DPCCH. Since the indexes of the channelization codes used for the DPDCHs are simply known from the information, Node B can demodulate the data carried on each of DPDCHs. This is due to the fact that channelization code mapping of DPDCH is determined by the number of the transmitted DPDCHs.
Regarding the channelization code mapping of E-DPDCH, following two schemes would be possible:
· Static allocation: A set of channelization code is initially dedicated for E-DPDCH at the radio bearer setup based on the allowed maximum number of E-DPDCHs as done for DPDCH. Then, a required number of codes belonging to the set are used in transmitting E-DPDCH for a given TTI. For example, maximum 6 DPDCH channels are allowed to be transmitted simultaneously using OVSF codes of SF=4 in Rel-5. In case that the allowed maximum number of DPDCH is set to be less than 6 for a given RL configuration, some remaining codes which would not be used by DPDCH can be allocated for a dedicated use by E-DPDCH. It should be noted that in this case, explicit signalling of the channelization codes used for E-DPDCH is not required.
· Dynamic allocation: Unlike the static allocation scheme, the channelization codes available for the use by E-DPDCH change on a TTI basis depending on the code resource usage by other uplink physical channels. The benefit of this scheme is that the uplink code resource can be efficiently utilized for E-DPDCH. However, it might be required to signal the information about the channelization codes used for E-DPDCH.
The code allocation scheme and code mapping rule for E-DPDCH would better be decided taking into account the aspects given above and also PAR/CM requirement. It is noted that in [4], CM was shown to more accurately reflect the power de-rating requirement, compared to PAR.
4. PAR and CM results

In this section, we compare PAR and CM results between the code mapping examples given in [3] (referred to as “Case 1”) and that given in Table 1 (referred to as “Case 2”).
	I branch
	Q branch

	Channel
	OVSF code Index
	Channel
	OVSF code Index

	E-DPCCH
	(128, 1)
	DPCCH
	(256, 0)

	DPDCH
	(4, 1) or (64, 16)
	HS-DPCCH
	(256, 64)

	E-DPDCH3
	(4, 2)
	E-DPDCH4
	(4, 2)

	E-DPDCH1
	(4, 3)
	E-DPDCH2
	(4, 3)


Table 1. Uplink physical channel code mapping (Case 2) for the simulations. The OVSF code (64, 16) for DPDCH is only used in the case of gain factor setting “P4” shown in Table 2.

The code mapping of Case 2 is different from that of Case 1 of [3] in the following points:
· The legacy DPDCH (simply called DPDCH henceforth) and E-DPDCH are separately considered, and only one DPDCH is configured and the remaining codes of SF=4 are allocated to E-DPDCH in the simulation. 
· The channelization code for HS-DPCCH is determined from the allowed maximum number of DPDCHs as in Rel-5. Therefore, the OVSF code (256, 64) is used for HS-DPCCH on Q branch throughout the simulation.
· E-DPCCH uses (128, 1) on I branch, irrespective of the number of E-DPDCHs.
· E-DPCCH as well as DPCCH and HS-DPCCH is assumed to be always transmitted, irrespective of the existence of DPDCH and E-DPDCH.
· E-DPDCH channelization codes starts from (4, 3) on I branch and are assigned in the same order as done for DPDCH in Rel-5.
It is noted that with the increase in the number of transmitted code channels, DPDCH is first assigned and then E-DPDCHs are assigned in the order of E-DPDCH1, 2, 3 and finally E-DPDCH4. We also note that in Case 1 of [3], the used channelization codes of HS-DPCCH and E-DPCCH change with the increase in the total maximum number of DPDCH and E-DPDCH. 

In the simulations, gain factor settings shown in Table 2 are used, where P1 and P3 have been taken from [3] and P4 from [4].
	
	DPCCH
	DPDCH
	HS-DPCCH
	E-DPCCH
	E-DPDCH

	P1
	15
	75
	30
	15
	75

	P3
	15
	45
	15
	15
	45

	P4
	15
	10
	7
	7
	42


Table 2. Gain factor settings for the uplink physical channels for the simulation. 
From the results shown in Section 4.1~4.4, we make the following observations:

· Case 2 shows smaller CM values than Case 1 in cases that the maximum number of (E-)DPDCHs are transmitted. The difference between Case 1 and Case 2 increases with the decrease in the number of transmitted (E-)DPDCHs.
· Moreover, in cases that DPDCH and E-DPDCH do not exist, PAR and CM values for Case 2 are significantly smaller than those for Case 1 in many configurations. Considering that E-DPDCH is packet-based traffic, the minimization of CM values even for the cases of small number of (E-)DPDCHs transmissions is also important.
· In cases that Case 2 shows much larger PAR than Case 1, CM values for Case 2 is similar or even smaller.
· For the case of P4 where DPDCH uses (64, 16) and gain factor is not so large compared to the cases of P1 and P2, the differences in both PAR and CM between Case 2 and Case 1 are more significant.
4.1. Maximum two (E-)DPDCH code channels
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Figure 1. Channelization code assignment for the case of maximum two (E-)DPDCH code channels (Case 1) [2].
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Figure 2. PAR (top) and CM (bottom) results for the case of maximum two (E-)DPDCH code channels.
4.2. Maximum three (E-)DPDCH code channels
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Figure 3. Channelization code assignment for the case of maximum three (E-)DPDCH code channels (Case 1) [2].
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Figure 4. PAR and CM results for the case of maximum three (E-)DPDCH code channels.

4.3. Maximum four (E-)DPDCH code channels
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Figure 5. Channelization code assignment for the case of maximum four (E-)DPDCH code channels (Case 1) [2].
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Figure 6. PAR and CM results for the case of maximum four (E-)DPDCH code channels.
4.4. Maximum five (E-)DPDCH code channels
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Figure 7. Channelization code assignment for the case of maximum five (E-)DPDCH code channels (Case 1) [2].
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Figure 8. PAR and CM results for the case of maximum five (E-)DPDCH code channels.
5. Conclusion

From the simulation results, we observe that Case 2 is more advantageous in view of CM in many cases and thus would reduce the power de-rating requirement. 
We propose to agree on the followings as a way forward for further studying about physical channel structure.  
· HS-DPCCH code allocation is determined from the allowed maximum number of the legacy DPDCHs.

· E-DPDCH code mapping rule should be designed to avoid explicit signalling of the information about the channelization codes used for E-DPDCH while minimizing the required power derating. 
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