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1. Introduction

LTE Rel-12 will introduce multiple Timing Advance (TA) values in the uplink to support e.g. frequency selective UL repeaters or remote UL reception points. A consequence of multiple TA is that UL subframes transmitted from the UE are no longer time aligned but can be offset relative to each other. 

Within transition periods where one carrier is still transmitting subframe 
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 but another carrier has already begun transmitting subframe 
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, terminal power limitations may arise. Even though the scheduling assignments may not lead to any power limitation during the periods where all carriers transmit the same subframe, power may not be enough in the transition periods if one cell increases its requested power but another cell has not yet started transmitting the next subframe. See Figure 1 for an example.

In this contribution we discuss different possibilities how to handle potential power limitations in transition periods and state our preferred solution.

2. Discussion 

The maximum time misalignment between DL subframes is defined to be 30 (s in [2]. For UL we see it natural to apply the same limitation as for DL with the assumption that UL and DL carrier will be aggregated from the same set of sites. For a UE that is using UL CA the UL subframes maximum misalignment would then become 30 (s plus tolerances identified in RAN4. 

Proposal 1:
· The maximum misalignment between UL subframes across all aggregated UL carriers is maximally 30 (s plus tolerances identified by RAN4.

Proposal 2:

· Send an LS to RAN4 to quantify the tolerances that needs to be added to the maximum nominal timing misalignment of 30 (s.

In Figure 1 cell CC3 increases its requested power when starting to transmit subframe
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. The other subframes however have not yet changed their scheduling assignment. Even though the power was sufficient in subframe 
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 (CC1 has high power whereas CC2 and CC3 transmit with low power) it is not as in the transition period where CC3 requests higher transmitting power.
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	Figure 1: Due to different TA values UL subframes are not aligned. In the transition period from subframe 
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 the maximum requested power exceeds the available power since cell CC3 requests higher power but the other two cells have not yet reduced their transmit power.


Solution 1: Limit maximum power on each cell
A configured cap on the maximal power of each cell can prevent power limitations within transition periods. The sum of these power limits across all cells should not exceed 23 dBm (minus some power back-offs specified in RAN4). Advantage of this method is that the power within one subframe would be constant which improves reception in the eNB. On the other hand, the maximum bandwidth and MCS that can be allocated to a cell is limited, even though if there are no transmission ongoing in other cells.

Solution 2: Scale the power equally on all cells

As soon as the total requested power exceeds the available power, the transmit power is reduced on all currently transmitting cells, see Figure 2. The transition time during which power scaling may be needed starts when the earliest cell begins to transmit the next subframe and ends when the latest cell starts to transmit the new subframe.  During the time period between subframe transitions where all cells are transmitting the same subframe, regular Rel-10 power scaling applies.

Depending on the relative cell timing, the uncertainty periods – i.e. the time during which power uncertainties can occur – may occur at the end, beginning, or both ends of a subframe. Due to power uncertainties within the transition regions reception performance degrades, especially since the transition periods have maximum length on all cells (offset between latest and earliest cell). Also PUCCH orthogonality is impaired if (parts) of an SC-FDMA symbol are transmitted with less power.
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	Figure 2: Solution 2: If the total requested power exceeds the available power the transmit power of all currently transmitting cells is reduced.


Solution 3: Power scaling is never applied to the PCell

In this case, the PCell never applies power scaling within the power uncertainty region (on top of any Rel-10 scaling). This has the advantage that PUCCH orthogonality is maintained and PCell PUSCH reception does not suffer from unequal powers within a subframe. All the required power reductions are performed by SCells. Depending on the timing of SCells relative to the PCell the power scaling may occur at the beginning or end of a SCell subframe. In the example of Figure 3, SCell1 applies the power scaling (if needed) at the end of a subframe and SCell2 at the beginning of a subframe. During the time period between subframe transitions where all cells are transmitting the same subframe, regular Rel-10 power scaling applies.

The power uncertainty period of an SCell depends on its relative timing w.r.t. to the other cells but is never longer than in Solution 2. Since the eNB knows these relative timings (based on transmitted TA commands) it can use this information to improve reception performance compared to Solution 2. Furthermore is reception performance of the PCell – which can be argued is the most important cell – never impaired. Also PUCCH orthogonality and SRS integrity of the PCell are maintained. SRS transmission on SCells may be impaired if the power scaling is applied at the end of the subframe.
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	Figure 3: Solution 3: The PCell never applies power scaling.


Comparison


With Solution 1 no power variations within a subframe occur. However, even if power is not needed on other cells the transmit power on any given cell is limited to the configured limit. This limits both performance and coverage. 

Solution 2 leads to unequal powers within a subframe on all cells and the power uncertainty regions have furthermore the maximum length on all cells. Compared to Solutions 3 reception performance of Solution 2 is inferior and does not provide any benefits. 

In Solution 3 – power on the PCell is never scaled – no PCell transmissions (SRS, PUCCH, and PUSCH) are impaired. The uncertainty duration has not the maximum length on all cells and the eNB – which knows the timing uncertainty periods due to TA commands – can use this information to improve reception performance. 

We believe it is important to protect PCell signaling given that vital signaling is exchanged via the PCell at the same time as we can utilize the full power on all the cells. Therefore we prefer Solution 3.

Proposal 3: 

· During power uncertainty zones (durations in which some cells already transmit the next subframe whereas some cells still transmit the old subframe) RAN1 specification does not trigger power scaling (on top of Rel-10 scaling) on the PCell.
3. Conclusion

In this contribution we investigate the problem of potential power scaling of cells as result of unaligned uplink transmissions due to multiple Timing Advance values. Based on the investigation we propose:

· The maximum misalignment between UL subframes across all aggregated UL carriers is maximally 30 (s plus tolerances identified by RAN4.
· Send an LS to RAN4 to quantify the tolerances that needs to be added to the maximum nominal timing misalignment of 30 (s.
· During power uncertainty zones (durations in which some cells already transmit the next subframe whereas some cells still transmit the old subframe) RAN1 specification does not trigger power scaling (on top of Rel-10 scaling) on the PCell.
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