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1. Introduction

LTE Rel-11 will introduce multiple Timing Advance (TA) values in the uplink to support e.g. frequency selective UL repeaters or remote UL reception points, scenarios identified in [1]. 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 sufficient 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.

At RAN1 #68 transient zones of 20 (s have been identified and an LS [2] has been sent to RAN4 to clarify how transient periods would be defined in case of multiple TA. RAN4 responded in [4] that they have not considered to modify transient zones. Furthermore RAN4 has indicated that the UE cannot exceed Pcmax and has to comply with regulatory requirements even within transient periods.

Based on the response in [4] we see the need for RAN1 to specify the UE behavior if power limited. In this contribution we discuss prioritization across channels and cells.

2. Discussion 

At RAN1 #68 the maximum misalignment between UL subframes (at the transmitter) has been set to be 30 (s [3]. Given that the transient periods are 20 (s there is still a need in RAN1 to prioritize among physical channels since there is a small time period where different cells are transmitting different subframes and thus power limitations may arise. 

If the PCell carries HARQ ACK/NACK feedback (either on PUCCH or PUSCH) we propose that no power scaling due to multiple TA values shall be applied to the HARQ ACK/NACK feedback carrying physical channel. This protects PUCCH signaling by 1) ensuring that PUCCH is transmitted with sufficient power and 2) degrading PUCCH orthogonality as little as possible since power scaling is not applied outside transient periods reducing the impact on PUCCH block-spreading. If HARQ ACK/NACK feedback is carried on PUSCH this ensures sufficient power.

In case the UE has no PCell PUSCH grant but an SCell PUSCH grant and simultaneous transmission of PUSCH and PUCCH is not configured HARQ ACK/NACK feedback will be transmitted on PUSCH of an SCell for which the UE has a valid grant. In this situation the SCell PUSCH carrying HARQ ACK/NACK feedback shall be prioritized over other SCells PUSCH and shall not apply any power scaling due to multiple TA values outside the transient periods.

To summarize, the following prioritization is proposed:

Proposal 1: 
· Prioritization of PUSCH and PUCCH: PUCCH > PUSCH with UCI > PUSCH without UCI. 
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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.


If PRACH on SCell partly overlaps with PUSCH/PUCCH on other cells we propose to scale down PRACH power during the overlapping time period.  In the appendix we show that the maximum transmit timing difference between PCell (PUSCH/PUCCH) and SCell (PRACH) occurs when PCell and SCell sites as well as the UE are on one line, see Figure 2. In this case a PCell PUSCH/PUCCH transmission starts at  
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 and an SCell RACH transmission starts at
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 (Time 0 is the DL transmission time at the cell sites and also the desired UL receive timing of PUSCH and PUCCH). 
[image: image8.wmf]T

is the propagation delay between PCell and UE. 
[image: image9.wmf]s

m

30

 is the maximum propagation time between PCell and SCell sites.
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	Figure 2
: The maximum transmit timing difference occurs if PCell and SCell transceivers as well as the UE are on one line. 
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is the propagation delay between PCell and UE. The PCell transmission timing of PUSCH/PUCCH is 
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(taking timing advance into account) and the SCell PRACH transmission timing is 
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(no timing advance is used for PRACH).


In Figure 3 the timing diagrams of a PCell PUSCH/PUCCH transmission starting at 
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and an SCell PRACH transmission starting at 
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are shown.
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	Figure 3
: The PCell PUSCH/PUCCH transmission starts at 
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and extends to 
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is the subframe length of 1 ms). The SCell PRACH transmission starts at 
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and extends to
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. We assume here RACH preamble format 0 which has a length of 
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including the cyclic prefix. 


As long as 
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holds no overlap between PRACH transmission and PUSCH/PUCCH transmission in the next subframe occurs. From this formula we obtain that for 
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no overlap occurs. A propagation delay of 
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corresponds roughly to a distance of 10 km. 

We believe that UL carrier aggregation is only useful for terminals close to cell centers given UE power limitations. In above outlined scenario the UE is 10 km away from the PCell site and even 20 km from the SCell site. We don’t consider UL carrier aggregation common for even larger distances. For the very rare cases this should happen we propose that the UE should reduce PRACH power. Given the large time duration of PRACH the resulting loss in PRACH detection is minimal for small (compared to 
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PRACH duration without cyclic prefix) overlaps.
Proposal 2:

· If PRACH on SCell partly overlaps with PUSCH/PUCCH on other cells scale down PRACH in case of power limitation.
3. Conclusion

In this contribution we discuss prioritization of cells and channels due to multiple Timing Advance values. We propose:

· Prioritization of PUSCH and PUCCH: PUCCH > PUSCH with UCI > PUSCH without UCI. 
· If PRACH on SCell partly overlaps with PUSCH/PUCCH on other cells scale down PRACH in case of power limitation.
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Appendix

Figure 4 shows PCell and SCell sites as well as the UE. It furthermore shows UE transmit timings for PCell (PUSCH/PUCCH with timing advance) and SCell (RACH, no timing advance). The propagation time between SCell and UE is calculated using cosine rule.
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	Figure 4
: Transmit timings for PCell (PUSCH/PUCCH with timing advance) and SCell (RACH, no timing advance).


The largest transmit timing difference occurs for
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. The SCell TX timing becomes then 
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and the transmit timing difference becomes
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