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1 Introduction

In the RAN1#68 meeting, the power control issue raised by simultaneous transmission for UL channels has been discussed. The UE’s behaviour when power limited was concluded as following:
Conclusions:
· Partial overlap between:

· 1. SRS+PUCCH/PUSCH/PRACH

· drop SRS

· 2. PUSCH+PUCCH/PUSCH

· TBD

· 3. PRACH on SCell + PUCCH/PUSCH

· TBD

· Full overlap between:

· PRACH on SCell and SRS 

· drop SRS

· PRACH on SCell and PUCCH/PUSCH

· PRACH>everything else 

According to the conclusions of full overlapping case, in case the total transmit power of the UE might exceed the maximum power
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, the PRACH has the highest priority. And other channels should keep the priority defined in Rel-10. Thus the priority of UL channels should be:
PRACH>PUCCH>PUSCH with UCI>PUSCH
For the partial overlapping case, an LS [1] was sent to RAN4 to ask how the transient period would be defined in multiple TAGs case, which may impact the power control scheme in the physical layer specifications. In this paper, some open issues of power control are further discussed. 
2 Discussion 

The power control schemes in partial overlapping case depend on RAN4’s conclusions whether the transient period would be affected if the UE’s transmission power during the partial overlap exceeds Pcmax. RAN4’s replies would lead to the following two alternatives: 
Alternative 1: No special handling is needed in RAN1 
If RAN4’s decision indicates that the assumption of “UE cannot exceed Pcmax even for one symbol” should not be applied or can be handled by RAN4, then in RAN1 perspective there is no need to handle the case where UE’s total transmit power exceeds Pcmax during the partial overlap duration. Thus the UE behaviour for the partial overlapping case should not be specified in RAN1.

Alternative 2: The total power should not exceed the Pcmax in any case 

If RAN4 think the case where UE’s total transmit power exceeds Pcmax during the partial overlap duration needs to be handled in RAN1, the following solutions can be considered.
Option 1: Apply the power scaling schemes as in Rel-10 also to the overlapping consecutive subframes   
In this solution, power scaling operation is applied through the whole subframe. Note that in the overlapping area the output power includes 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.

When power scaling is done by the UE, the power priority defined for full overlapping case is also suitable for this case without any change, e.g. the channel priority

PRACH>PUCCH>PUSCH with UCI>PUSCH

Pros: 

· Power control scheme is the same as in Rel-10, e.g. the granularity of power control is per subframe. The priority of UL channels are also the same as defined in Rel-10.
· The partial overlapping situation is transparent to the eNB.

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.

Option 2: Apply the power scaling schemes on the overlapping OFDM symbol
Comparing to option 1, another kind of scheme is to scale down the power of the overlapping OFDM symbol. However, when the power of one OFDM symbol is different from the other symbols for a PUSCH transmission, it will cause performance degradation for PUSCH decoding for higher order modulation. Moreover, this kind of power difference will destroy the orthogonality of PUCCH and make it difficult for PUCCH UE separation.
One suggestion for PUSCH is that the reception performance can be improved if the eNB knows the relative timing of cells. However, the PRACH transmissions in different TAGs are not at the same time, and UE is allowed to adjust its TA if the received downlink timing changes and is not compensated by the TA command [2]. Thus it is impossible for the eNB to know the relative timing based on the transmitted TA commands even if eNB performs the TA command accumulation as the UE does.  In addition, not all the partial overlapping symbols are power limited and the power scaling values are not known to eNB. So the performance degradation for PUSCH decoding can hardly be compensated by eNB implementation.
Pros:

· Power prediction is not needed.

Cons:

· Cause performance degradation for PUSCH with higher order modulation.
· Destroy the orthogonality of PUCCH
Trade-off analysis 

The trade-off analysis of the different alternatives is shown in figure 1. The two alternatives can both solve the power control problem due to timing misalignment. From the analysis, it can be seen that the throughput loss is inevitable for the overlapping area. We prefer to apply the power scaling schemes as in Rel 10 also to the overlapping consecutive subframes

[image: image2.emf]Solution Benefit Impact analysis Drawbacks

Apply the power scaling 

schemes on the overlapping 

OFDM symbol

-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

-Cause performance 

degradation for 

PUSCH decoding for 

higher order 

modulation.

-Destroy the 

orthogonality of 

PUCCH

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

- Power prediction is 

needed. For the 

current subframe UL 

power control, the UE 

has to predict the 

output power of the 

next subframe


Figure 1 – 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 proposal:
Proposal 1: If RAN4 suggests the UE behaviour for partial overlapping case should be specified in RAN1, the same power scaling schemes as in Rel 10 are also applied to the overlapping consecutive subframes.
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