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1 Introduction
The UPH of the configured carrier by UTRAN to an MC-HSUPA UE is defined from the following three points of view.

(1) Compatible with the UPH definition of the configured carrier by UTRAN to a single-carrier HSUPA UE 
(2) Compatible with the UPH mapping tables for a single-carrier HSUPA UE
(3) The power of each configured carrier by UTRAN to an MC-HSUPA UE is configurable.
The following conclusion is expected to be made.
(1) When more than one carrier of an MC-HSUPA UE is in the open-loop power control, the UPH of only one carrier in the open-loop power control is reported to NodeB. 
(2) RNC configures the maximum transmission power and the desired E-PUCH transmission power of each carrier of an MC-HSUPA UE to NodeB.

(3) NodeB will derive the UPH of the other carriers in the open-loop power control with the desired E-PUCH transmission powers of the other carriers.
2 UPH Definition 1
In order to be compatible with the UPH definition of the configured carrier by UTRAN to a single-carrier HSUPA UE, the UPH of the configured carrier by UTRAN to an MC-HSUPA UE is defined as follows:
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 represents the UPH of the k-th HSUPA carrier in the n-th sub-frame, its unit is: dB; 
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 represents the path loss. Furthermore, 
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In the above formula, 
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In the above formula, 
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 represents the desired received power of the k-th carrier and is configured to UE by RNC; 
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 represents the ULPC step of E-PUCH, its unit is:dB; When the i-th ULPC command of the E-PUCH on the k-th carrier is “up”, 
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, when the i-th ULPC command of the E-PUCH on the k-th carrier is “down”, 
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 represents the power gain of the reference channel in the n-th sub-frame on the k-th carrier determined by the effective code rate of the E-PUCH in the n-th sub-frame on the k-th carrier, where the reference code is referred to a code with SF=16; 
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 is determined by the spreading factor of the E-PUCH in the n-th sub-frame on the k-th carrier 
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, and the mapping relationship between 
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 is the HARQ power offset of the E-PUCH in the n-th sub-frame on the k-th carrier.
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For an MC-HSUPA UE supporting K>1 carriers, when its maximum transmission power varies with the change of K, UPH definition 1 needs to define the UPH mapping relationship table for K=2,3,4,5,6, where the UPH mapping relationship table is a table with the UPH value (unit:dB) varying with the 5-bit UPH index.
With the 5-bit UPH index of one configured carrier of an MC-HSUPA UE, NodeB can look up the corresponding UPH mapping relationship table and then find the UPH range. The true UPH of the configured carrier of the UE can be derived according to the following three rules.

Rule 1: When one configured carrier of the UE is permitted to use up the entire transmission power 
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 of the UE, NodeB can set the true UPH of the configured carrier of the UE as the minimum value of the UPH range.

Rule 2: When the entire transmission power 
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 of the UE is evenly divided among all configured carriers of the UE, NodeB can set the true UPH of any configured carrier of the UE as the minimum value of the UPH range minus 
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, where K is the number of the configured carriers of the UE.

Rule 3: When RNC configures the maximum transmission power of each configured carrier of the UE and each carrier is only permitted to use up the transmission power of its own, NodeB can set the true UPH of the k-th carrier of the UE as the minimum value of the UPH range plus 
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 is the maximum transmission power of the k-th carrier of the UE.

3 UPH definition 2

In order to be compatible with the UPH mapping relationship for a single-carrier UE, the UPH of the configured carrier by UTRAN to an MC-HSUPA UE is defined as follows:
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where 
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 represents the mean transmission power of each carrier.

When 
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 is less than or equal to the maximum transmission power of a single-carrier HSUPA UE, UPH definition 2 has the same UPH mapping relationship table as the single-carrier HSUPA UE.
When the UPH definition above is accepted, with the UPH index of one configured carrier of an MC-HSUPA UE, NodeB can find the UPH range of the configured carrier of the UE. NodeB can derive the true UPH of the configured carrier of the UE according to the following three rules.

Rule 1: When one configured carrier of the UE is permitted to use up the entire transmission power 
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 of the UE, NodeB can set the true UPH of the configured carrier of the UE as the minimum value of the UPH range plus 
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, where K is the number of the configured carriers of the UE.

Rule 2: When the entire transmission power 
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 of the UE is evenly divided among all configured carriers of the UE, NodeB can set the true UPH of any configured carrier of the UE as the minimum value of the UPH range.

Rule 3: When RNC configures the maximum transmission power of each configured carrier of the UE and each carrier is only permitted to use up the transmission power of its own, NodeB can set the true UPH of each carrier as the minimum value of the UPH range plus 
[image: image36.wmf](

)

K

P

k

P

max

max

lg

10

)

(

lg

10

-

, where 
[image: image37.wmf])

(

max,

k

P

 stands for the maximum transmission power of the k-th carrier of the UE and K is the number of the configured carriers of the UE.
When K=1, UPH definition 2 has the same form as UPH definition 1.

4 UPH definition 3

When the transmission power of each configured carrier can be configured by RNC, the UPH of the configured carrier by UTRAN to an MC-HSUPA UE can be defined as follows:
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where 
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 represents the maximum transmission power of the k-th HSUPA carrier.

For an MC-HSUPA UE supporting K>1 carriers, if 
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 is greater than the maximum transmission power of a single-carrier UE, UPH definition 3 needs to redefine the UPH mapping relationship table for K=2,3,4,5,6. Otherwise, UPH definition 3 has the same UPH mapping relationship table as a single-carrier UE.
When the UPH definition above is accepted, with the UPH index of one configured carrier of an MC-HSUPA UE, NodeB can find the UPH range of the configured carrier of the UE. NodeB can derive the true UPH of the configured carrier of the UE according to the following three rules.

Rule 1: When one configured carrier of the UE is permitted to use up the entire transmission power 
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 of the UE, NodeB can set the true UPH of the configured carrier of the UE as the minimum value of the UPH range plus 
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Rule 2: When the entire transmission power 
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 of the UE is evenly divided among all configured carriers of the UE, NodeB can set the true UPH of any configured carrier of the UE as the minimum value of the UPH range plus 
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Rule 3: When RNC configures the maximum transmission power of each configured carrier of the UE and each carrier is only permitted to use up the transmission power of its own, NodeB can set the true UPH of each carrier as the minimum value of the UPH range.
5 UPH reporting
NodeB needs the UPH of one carrier of an MC-HSUPA UE to allocate the suitable power grant to this carrier. Among the carriers in the open-loop power control, the UE is only required to send the UPH of only one carrier to NodeB. NodeB can derive the UPHs of the other carriers in the open-loop power control. The steps for NodeB to derive the UPHs of the other carriers are listed below, where UPH definition 1 is taken for the illustration:

Step 1: RNC configures the desired E-PUCH transmission power of each carrier of an MC-HSUPA UE to both the UE and NodeB. RNC also configures the maximum transmission power 
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 of the UE to NodeB.
Step 2: UE calculates the UPH value 
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 of carrier “k” in the open-loop power control according to the following formula and then sends the UPH index to NodeB.
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where 
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 is the desired E-PUCH transmission power of carrier “k” configured by RNC to both UE and NodeB and L is the path-loss, .
Step 3: NodeB can find the UPH value 
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 with the UPH index reported by the UE.

Step 4: NodeB can derive the product of 
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 according to formula 7 and the UPH value 
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Step 5: NodeB can derive the path-loss L from the product of 
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 configured by RNC to NodeB.

Step 6: NodeB can get the UPH values of the other carriers in the open-loop power control according to the following formula, where 
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 is the desired E-PUCH transmission power of carrier 
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But with the UPH of one carrier in the close-loop power control, the UPHs of the other carriers can not be derived. The analysis is listed below, where UPH definition 1 is take for the illustration.
For a carrier in the close-loop power control, the UE can calculate the UPH value of this carrier according to the following formula:
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Where 
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 is the Pe-base of carrier “k”.

The UE will send the UPH index of this carrier to NodeB. 

NodeB can find the UPH value of this carrier with the UPH index and then NodeB will get the product of 
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NodeB doesn’t know the true value of 
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Because NodeB can not find 
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. Thus, NodeB can not find the UPH values of the other carriers with the UPH value of only one carrier in the close-loop power control.

6 Conclusion

Three kinds of the UPH definitions of the configured carrier by UTRAN to an MC-HSUPA UE are discussed and the following proposals are suggested.

Proposal 1: When the maximum transmission power of an MC-HSUPA UE is same as that of a single-carrier HSUPA UE, UPH definition 1 is suggested.
Proposal 2: If the maximum transmission power of an MC-HSUPA UE can be more than that of a single-carrier HSUPA UE but the average transmission power of each carrier of an MC-HSUPA UE is no more than that of a single-carrier HSUPA UE, UPH definition 2 is suggested for an MC-HSUPA UE.
Proposal 3: When each carrier of an MC-HSUPA UE can only use up its own maximum transmission power and the maximum transmission power of each carrier is no more than the maximum transmission power of a single-carrier HSUPA UE, UPH definition 3 is suggested for an MC-HSUPA UE.
Proposal 4: Among the carriers in the open-loop power control, an MC-HSUPA UE is only required to send the UPH value of only one carrier to NodeB. 

Proposal 5: RNC configures the maximum transmission power and the desired E-PUCH transmission power of each carrier of an MC-HSUPA UE to NodeB.
Proposal 6: NodeB is required to derive the UPH values of the other carriers in the open-loop power control with the UPH value of only one carrier in the open-loop power control.
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