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1 Introduction 
Significant progress has been made on power scaling with carrier aggregation during RAN1#60bis and RAN1#61. The following agreements were made on power scaling for UL power control [1]

 REF _Ref265050121 \r \h 
[2].

Agreement: If the total transmit power exceeds the UE max transmit power
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, the UE scales the transmit power of each PUSCH such that
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(Eq. 1)

is satisfied, where 
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 is a scaling factor for carrier c and 
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 is the UE-specific maximum transmit power. The details of scaling factor 
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are FFS. The following principles were discussed and/or agreed on the details of power scaling:
· Equal power scaling is applied to all PUSCH clusters on a given CC. 

· PUSCH with UCI is prioritized over PUSCH without UCI (i.e. power of PUSCH without UCI is scaled down first, maybe to zero)
i.e. Priority order is as follows:
PUCCH > PUSCH with UCI > PUSCH without UCI
· Prioritization is regardless of same or different CCs.
In [3], we propose that concurrent transmission of PUCCH and PUSCH with UCI shall be avoided in Rel-10. This contribution clarifies the implication of the proposal on power scaling.
2 Discussion
There is no compelling reason to allow concurrent transmission of PUCCH and PUSCH with UCI simultaneously from control channel performance point of view. If this is the case, the UL physical channel multiplexing possibilities are

· Case 1: PUCCH transmission on UL PCC

· Case 2: Simultaneous transmission of PUCCH on one carrier and PUSCHs without UCI on different carriers

· Case 3: Simultaneous transmission of PUCCH and PUSCH without UCI on the same carrier and/or additional PUSCHs without UCI on different carriers
· Case 4: Transmission of PUSCH with UCI on one carrier and PUSCH without UCI transmitted on one or more carriers
The following power scaling rule is applicable for each of the cases considered above:

PS for Case 1: PUCCH is power controlled according to the PUCCH power control formula [2]. Maximum transmit power of PUCCH is set to carrier-specific maximum transmit power according to the PUCCH power control formula. No power scaling is needed for PUCCH-only transmission.
PS for Case 2: First, PUCCH power is determined according to the PUCCH power control formula [2]. PUSCH power for each carrier is then determined by the PUSCH power control formula. If total power exceeds UE specific maximum transmit power, equal power scaling applies to PUSCHs for all CCs. 

PS for Case 3: Same principle applies as in Case 2. First, PUCCH power is determined according to the PUCCH power control formula [2]. PUSCH power for each carrier is then determined by the first and second PUSCH power control formulae from [2], depending on whether PUCCH is present in a CC or not. If total power exceeds the UE specific maximum transmit power, equal power scaling applies to PUSCHs for all CCs.
PS for Case 4: First, transmit power of PUSCH with UCI is determined according to the PUSCH power control formula in [2]. If total power exceeds UE specific maximum transmit power, equal power scaling applies to PUSCHs without UCI for all CCs. No power scaling applies to PUSCH with UCI.

With this approach, the UE can calculate the scaling factor for all PUSCHs without UCI, with equal priority. Signalling of priority-based weighting factor is not needed, thereby simplifying the system operation significantly.
 

[image: image6]
Figure 1: UL physical channel multiplexing possibilities in Rel-10 (Note that in Cases 1/2/3, PUCCH is transmitted on PCC.)
3 Conclusions
In this contribution, we clarified power scaling when concurrent transmission of PUCCH and PUSCH with UCI is avoided. In summary, 
· UE calculates the scaling factor for all PUSCHs without UCI, with equal priority.

· For UL physical channel multiplexing combinations:

· Case 1: PUCCH transmission on UL PCC

· Case 2: Simultaneous transmission of PUCCH on one carrier and PUSCHs without UCI on different carriers

· Case 3: Simultaneous transmission of PUCCH and PUSCH without UCI on the same carrier and/or additional PUSCHs without UCI on different carriers

· Case 4: Transmission of PUSCH with UCI on one carrier and PUSCH without UCI transmitted on one or more carriers
· UE applies power scaling rule according to the following rule:
· PS for Case 1: PUCCH is power controlled according to the PUCCH power control formula [2]. Maximum transmit power of PUCCH is set to carrier-specific maximum transmit power according to the PUCCH power control formula. No power scaling is needed for PUCCH-only transmission.

· PS for Case 2: First, PUCCH power is determined according to the PUCCH power control formula [2]. PUSCH power for each carrier is then determined by the PUSCH power control formula. If total power exceeds UE specific maximum transmit power, equal power scaling applies to PUSCHs for all CCs. 

· PS for Case 3: Same principle applies as in Case 2. First, PUCCH power is determined according to the PUCCH power control formula [2]. PUSCH power for each carrier is then determined by the first and second PUSCH power control formulae from [2], depending on whether PUCCH is present in a CC or not. If total power exceeds the UE specific maximum transmit power, equal power scaling applies to PUSCHs for all CCs.

· PS for Case 4: First, transmit power of PUSCH with UCI is determined according to the PUSCH power control formula in [2]. If total power exceeds UE specific maximum transmit power, equal power scaling applies to PUSCHs without UCI for all CCs. No power scaling applies to PUSCH with UCI.

4 Text Proposal

Assuming the UCI multiplexing principles proposed above, power scaling formula may be further specified in the draft CR to TS 36.213 [5] as follows:

5.1.1.1
UE behaviour

<……>
------- Begin TP for Section 5.1.1.1 
If the total transmit power of the UE exceeds 
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. In case there is no PUCCH transmission in subframe i 
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If the UE has PUSCH transmission with UCI on cell j and PUSCH without UCI in the remaining cells, and the total transmit power of the UE exceeds 
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for the serving cells without UCI in subframe i such that the condition 
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 is satisfied where 
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 is the PUSCH transmit power for the cell with UCI and
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 without UCI.
When there is PUCCH transmission, the PUSCH power scaling factor is computed as 
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. When there is no PUCCH transmission, the PUSCH power scaling factor is computed as 
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Note under certain conditions 
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<editor’s note: possibility of simultaneous transmission of PUCCH and PUSCH with UCI will be clarified further later>

<editor’s note that possibility of the removal of the index “c” from w(i) will be clarified further later>

-------  End TP for Section 5.1.1.1

Note that the index “c” from the scaling factor 
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 can be removed for equal power scaling of PUSCH.
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� If priority-based weighting is considered to be beneficial, a method suggested in � REF _Ref265053300 \r \h ��[4]� may be useful.
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