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1
Introduction
In [1], RAN4 confirmed that simultaneous SRS on more than one carrier can be supported in Rel-10. In this contribution, we discuss the issue of power limitation of SRS transmissions over multiple CCs.
2
Discussion
In Rel-10 carrier aggregation, when power limitation occurs at the UE, power prioritization is performed as follows:
· Allocate power to PUCCH first

· If there is left-over power, allocate power to PUSCH with UCI if exists


· There is at most one PUSCH with UCI

· For all the left-over power, apply uniform power scaling to all the remaining PUSCH transmissions.
In addition, in Rel-10, it was agreed that:
· PUSCH and SRS never occur in the same symbol simultaneously, within the same CC or across different CCs
· SRS is dropped when collision occurs over different CCs
· SRS collision with PUSCH within the same CC never occurs by design

· PUCCH and SRS never occur in the same symbol simultaneously, within the same CC or across different CCs
· SRS is dropped when collision occurs within the same CC (if shortened PUCCH format is not configured) or across different CCs.
As a result, no power prioritization between SRS and PUCCH/PUSCH is necessary in Rel-10.

From [1], it is possible that two or more CCs transmit SRS simultaneously in the same last symbol of a subframe. Similar to the power limitation discussed earlier, power saturation in the last symbol may occur. Due to the fact that different power control schemes are applied to the PUCCH/PUSCH region and the last symbol for SRS (e.g., in terms of different offsets/bandwidth/etc. between PUSCH and SRS, and different power control commands/inner loops/power control targets/bandwidths/etc. between PUCCH and SRS), the power limitation condition for PUCCH/PUSCH and SRS can be different. In particular, the following may happen:
· PUSCH/PUCCH transmission is power limited, while SRS is not

· PUSCH/PUCCH is not power limited, while SRS is 

· Both PUSCH/PUCCH and SRS are power limited.
As a result, the power limitation condition for SRS has to be carefully examined. Generally, there are two possible design alternatives:
· Alt1: Power limitation condition for SRS is defined the same as PUSCH/PUCCH, e.g. the SRS transmission is considered power limited whenever PUSCH/PUCCH hits the power limitation condition.

· Alt2: Power limitation condition for SRS is separately defined, e.g. the condition is defined based on the last symbol only, such that the SRS power limitation is proclaimed when the last symbol of a subframe is power saturated.
Alt 1 may cause unnecessary SRS power starvation when PUSCH/PUCCH is power saturated while SRS is not. Alt 2 decouples PUSCH/PUCCH power limitation and SRS power limitation. Since there is no reason to tie PUCCH/PUSCH and SRS transmission powers, Alt 2 is our preferred solution.
Given the power limitation condition for SRS, one issue is how to perform power scaling for SRS transmissions over multiple CCs. Possible design alternatives include:
· Tie the SRS power scaling with PUSCH/PUCCH power scaling in terms of power scaling priority

· SRS PCC is given the highest priority; SRS for a PUSCH CC with UCI the second priority; and uniform power scaling for all remaining CCs

· Independent power scaling priority for PUSCH/PUCCH and for SRS

· A simple scheme is to apply uniform power scaling for all SRS transmissions, regardless of PCC or not

· One can also provide the priority to PCC SRS first, and then apply uniform scaling to remaining SRS transmissions on SCCs.
Uniform power scaling for all SRS transmissions, regardless of PUSCH/PUCCH/PCC, is simpler, while the connection between PUSCH/PUCCH and SRS provides priority handling between different CCs.

3
Conclusions 

In this contribution, we discussed the need to define the power limitation condition and power scaling for parallel SRS transmission over different CCs. A few design alternatives were discussed. RAN1 is recommended to discuss and conclude on this topic. 
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