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1
Introduction
In Rel-10, a single UL timing advance (TA) group is supported for UE in carrier aggregation (CA).  UL transmission timing is thus synchronous across all the UL component carriers (CCs) in CA at the UE. In Rel-11, two TA groups are supported, which may cause non-synchronous UL transmission timing across CCs in CA.  In this paper, we share our views on power control aspects of multi-TA operation in Rel-11.
2
Discussion
In Rel-10, a UE can be configured for CA with 2 or more component carriers (CC), one of which is configured as the primary CC (PCC), and the remaining CCs are designated as the secondary CCs (SCC). A single UL timing advance group is supported. That is, all UL CCs follow the same single group of TA commands, such that UL transmission timing is the same for all UL CCs in CA at the UE side. 

In Rel-10, SRS does not co-exist with PUCCH or PUSCH in the same symbol, regardless of whether SRS and PUCCH/PUSCH belong to the same CC or different CCs. In case of power limitation, power prioritization is performed as follows:
· Between PUCCH and PUSCH

· PUCCH is given highest priority, PUSCH with UCI (uplink control information) is given the 2nd highest priority, while the remaining PUSCHs (without UCI) have equal power scaling

· Between SRSs on different CCs

· Equal power scaling

Note that by design, there is no interaction between PUCCH/PUSCH and SRS in terms of power prioritization. 

In Rel-11, two TA groups are supported, as illustrated below:
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Figure 1 Illustration of two TA groups for CA in Rel-11

Due to the separate management of UL transmission timing of the two TA groups, it is thus possible that the UL transmission timing can be different for the two TA groups [1].  Under the multi-TA group operation, even if shortened PUCCH formats and cell-specific SRS subframes are configured, SRS may still collide with PUCCH and/or PUSCH transmissions, as shown below:
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In [2], possible handling of collision of SRS with PUCCH/PUSCH is discussed. In particular, if partial collision between SRS and PUCCH/PUSCH is allowed when the UE is power limited, it would become necessary to handle power prioritization between SRS and PUCCH/PUSCH. SRS generally has lower priority than PUSCH/PUCCH. However, note that both SRS and PUCCH are one-shot transmissions, while PUSCH benefits from H-ARQ operation and hence is more robust against channel/power imperfections. Thus, it is reasonable to consider prioritizing SRS over PUSCH (but not over PUCCH), such that the following power prioritization order is observed:
· PUCCH > SRS > PUSCH

Note also that, due to transmission timing difference, power prioritization ideally has to take into account the transmit power of current and next subframes. This would result in additional complexity in both standardization and implementation. Alternatively and preferably, for simplicity, power prioritization can still be specified on a per subframe basis. The transmit power of the fraction of a symbol under partial collision can be left to implementation. 
It is also not necessary to explicitly enforce the same transmission power over the entire subframe for an UL channel. For PUSCH/PUCCH, power variations (ramping) already exist within the symbols for PUSCH/PUCCH in a subframe in Rel-8 when adjacent symbols contain both PUSCH/PUCCH and SRS, since these channels may be transmitted with different power levels and ramping also exists when the same channel is transmitted but power control change occurs.  It is not necessary to modify the transmission power definition in any symbol in which the subframe boundaries do not overlap due to power conditions in another symbol in which overlap occurs.
The power ramp requirements for cases of power changes are shown in Figure 3 below.  Whenever there is a power or frequency allocation change across subframes or across slots, there is a 40 µs transition period in which there is neither UE Tx power accuracy or signal quality (error vector magnitude) requirement.  With a reasonably small limit on the UL subframe time offset, e.g. 30 µs as proposed in [1], the mechanism of the currently defined transition period can be simply extended to solve the problem of overlapping UL subframes.  With this solution, the loss is expected to be smaller than by modifying the Tx power for the whole subframe or slot and incurring the resulting power control error. 
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Figure 3 Transient periods for general UL Tx power changes [3] 
Note that when SRS is transmitted, there is almost always frequency or power change before and after the SRS symbol. For these cases, the power transition period is specified [3] to be outside of the SRS symbol as shown in Figure 4.  The same principle can be applied for the cases where the partial overlap for SRS occurs. This means that the proper power scaling is applied in the duration of the SRS symbol and the transmission power in the preceding and following 40 us transition periods is not defined. 
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Figure 4 Transient periods for UL Tx power changes involving SRS [3] 
Due to multi-TA group, it is possible that a PRACH transmission in one TA group collides with PUSCH/PUCCH/SRS in another TA group. Generally speaking, there is no strong need to standardize power prioritization with respect to PRACH. However, if deemed necessary, PRACH should be given the lowest priority in power prioritization since it is generally a robust channel, although it is possible to elevate the priority for PRACH based on whether the PRACH is non-contention based or not, and/or whether it is from the primary TA group not.
3
Conclusions 

In this contribution, we discussed some issues related to power control under multi-TA group for CA in Rel-11. In particular, we propose:

· If simultaneous SRS and PUCCH/PUSCH transmission is allowed when the UE is power limited, the power prioritization order can be such that PUCCH > SRS > PUSCH. 
· Although it is ideal to perform power prioritization by taking into account two adjacent subframes due to UL transmission timing difference, it is preferable to simplify the power prioritization by considering only one subframe, and to leave the remaining for implementation. 
· As in Rel-8, power ramping/variations should be accommodated.  It is not necessary to modify the transmission power definition in any symbol in which the subframe boundaries do not overlap due to power conditions in another symbol in which overlap occurs.  The existing 40 µs power change transition region is extended as needed to cover the subframe overlaps when power scaling is applied. 
· If power prioritization for PRACH is necessary, PRACH should generally be given the lowest priority.
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Figure � SEQ Figure \* ARABIC �2� Illustration of partial SRS collision with PUCCH/PUSCH under multi-TA
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