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1 Introduction

In the RAN1 #67 meeting, the following was concluded:
Conclusions:

Study further and identify potential solutions for when power limitation occurs in case of multiple TA:

SRS + PUCCH/PUSCH 

PUSCH + PUCCH/PUSCH 

Revisit at RAN1#68 – decide at RAN1#68 which cases will have a specified behaviour for the case of power limitation. 
In this paper, the issues of power limitation related to consecutive subframes in case of multiple TA are discussed.
2 Discussion 

Power control problem due to multiple TAs
In Rel-10, if a UE is configured with multiple carriers, the TA value of PCell is applied to all the carriers. While in Rel-11, multiple timing advances are agreed to support due to different aggregated carriers with different propagation delays. The aggregated carriers are divided into different TAGs according to their TA values. The TA values of the carriers in one TAG are the same; while for different TAGs, the TA values are different, which may cause overlapping between the consecutive subframes in different carriers. The power of the overlapped area may be beyond the configured maximum power (Pcmax) of UE as shown in Figure 1. 
Proposal 1: Additional power control mechanism should be considered under multiple TA case.

[image: image1.wmf]PUCCH

/

PUSCH

/

SRS

Cell

1

Cell

2

Subframe n

+

1

Subframe n

PUCCH

/

PUSCH

/

SRS

Power

Power limitation

Subframe n

Subframe n

+

1


Figure 1 – UL transmission timing with different TAGs
The TA difference between different TAGs 
Before discussing the potential solutions, the maximum length of overlapping needs to be understood and the TA difference among different TAGs needs to be calculated. If only the TA difference caused by distance and repeater processing time are calculated, for ISD=10km cell range, the TA value is around (10*10^3)/(3*10^8)+12*10^(-6)=45.33us where the process time for a repeater is about 12us, while the interval of one symbol with normal CP is 1/14=71us. Thus we can assume that the overlapped area is within one symbol. Similar calculation can be done for other scenarios and it is reasonable to consider the overlapped area is within one symbol.
Proposal 2: Less than one symbol is considered for the overlapping length among different TAGs.

Some candidate solutions

In case of power limitation on the overlapped area, power control should be done. In addition to the Rel-10 power scaling, the following solutions can be considered.
Alternative 1: Drop the last symbol of the subframe on the carrier with larger time delay when simultaneous transmission would occur in that symbol
In alternative 1, the last symbol of the subframe on the carrier with larger time delay is dropped when simultaneous transmission would occur in that symbol. Here the carrier with larger time delay is the carrier with the last symbol of each subframe overlapped with the first symbol of each subframe on other carrier(s), e.g., cell 1 in figure 1.
Cons:

· Even if the total transmit power in the overlapped area doesn’t reach the configured maximum power, the dropping needs to be done.

Alternative 2:,Drop the last symbol of the subframe on the carrier with larger Time delay, if simultaneous transmission would occur in that symbol and if the power is beyond the configured maximum transmit power 
Compared to alternative 1, an additional judgement is needed on whether the power of the overlapped area is beyond the configured maximum power of UE. If the power of the overlapped area is under the configured maximum power of UE based on Rel-10 power control scheme, then nothing need to be done additionally. However if the power of the overlapped area is beyond the configured maximum power of UE, then the last symbol of the subframe on the carrier with larger time delay is dropped.
Cons:

· May cause ambiguity on the dropping between UE and eNB.
Alternative 3: Apply the power scaling schemes as in Rel 10 also to the overlapped consecutive subframes   
In this solution, simultaneous transmission of the overlapped area is allowed. If the total transmit power of the UE would exceed the configured maximum transmit power, the power scaling rule defined in Rel-10 is used for the whole subframe, e.g. the channel priority PUCCH> PUSCH with UCI>PUSCH. 
In addition, since in the overlapped area the output power including the transmission of a consecutive subframe, the channels in the consecutive subframe should also be taken into account for the power setting in current subframe. E.g., in Figure 1, to decide the transmit power in subframe n of cell1, Rel-10 power scaling should be applied first to subframe n in cell1 and cell2, result in transmit power P, then subframe n+1 in cell2 and subframe n in cell1 should also be jointly considered according to Rel-10 power scaling priority and it result in transmit power P’, P or P’ which is smaller is the final transmit power of subframe n of cell1.
Cons: 

· Power prediction is needed. To decide the transmit power in a UL subframe, the UE has to predict the output power of the next subframe.

However, considering that the transmission of PUCCH and PUSCH are all determined several subframes before, e.g. in subframe (n-4). The prediction for next subframe transmission is feasible.

Trade-off analysis 

The trade-off analysis of the different alternatives is shown in figure 2. The three alternatives can all solve the power control problem due to timing misalignment and the cost is the throughput loss either caused by symbol dropping or by power scaling. From the analysis, we can see that the throughput loss is inevitable for the overlapped area. 
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Figure 2 – Trade-off analysis for the candidate solutions
3 Conclusions
In this contribution, some issues related to UL control signalling transmission in case of multiple TAs are discussed. Based on the analysis, we have the following proposals:
Proposal 1: Additional power control mechanism should be considered under multiple TA case.
Proposal 2: Less than one symbol is considered for the overlapping length among different TAGs.
Proposal 3: The following solutions can be considered in addition to Rel-10 power scaling mechanisms:

· Drop the last symbol of the subframe on the carrier with larger time delay when simultaneous transmission would occur in that symbol.
· Drop the last symbol of the subframe on the carrier with larger Time delay, if simultaneous transmission would occur in that symbol and if the power is beyond the configured maximum transmit power.
· Apply the power scaling schemes as in Rel 10 also to the overlapped consecutive subframes.
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Impact analysis


Drawbacks


- Even if the total transmit power  doesn't reach the maximum power, the dropping is done.


Drop the last symbol of the subframe on the carrier with larger Time delay, if simultaneous transmission would occur in that symbol and if the power is beyond the maximum transmit power


Solve the problem that the overlapping area may exceed the configured maximum transmit power.


- Some specification work in 36.213, whether also impacts 36.211 and 212 depends on the specific scheme
- RAN2 would need to define potentially signaling that relate to the approved scheme
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- May cause ambiguity between UE and eNB.


Apply the power scaling schemes as in Rel 10 also to the overlapped consecutive subframes


Solve the problem that the overlapping area may exceed the configured maximum transmit power.


- Some specification work in 36.213, whether also impacts 36.211 and 212 depends on the specific scheme
- RAN4 may need to give performance targets 


-  Power prediction is needed. For the current subframe UL power control, the UE has to predict the output power of the next subframe



