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1 Introduction

The UE behavior for simultaneous transmissions of PUSCH/PUCCH/SRS in different TAGs was discussed in RAN1 #69 meeting. In the current stage, there are two main issues about simultaneous transmission in the multiple TA case as below:

1. The definition of 
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 during the partial overlap period.

2. The UE’s behavior for partial overlap period when power limited
In this contribution, we present our views on the above two issues.

2 Discussion
2.1 
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 definition for partial overlap period
In the LS to RAN4 [1], it was indicated that

RAN1 intends to include a sentence in the RAN1 specs roughly as follows for the partial overlap of PUCCH/PUSCH and PUSCH: 
“The UE shall adjust the transmission power, so that the UE does not exceed the maximum transmission power Pc_max for the part of the subframes that partly overlap between different Timing Advanced Groups.”
However, 
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 defined in RAN4 and used in RAN1 is per subframe based. Therefore the value of “Pc_max for the part of the subframes that partly overlap between different Timing Advanced Groups” needs to be further clarified so that the above sentence is valid.
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Figure 1. Definition of 
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As shown in Figure 1, during the period when the subframe number of multiple TAGs is the same, the Rel-10 definition of 
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 with single TAG considered can be reused. 
The definition of 
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 for the part of the subframes that partly overlap between different TAGs should be defined in RAN4 so that ‘the UE should comply with regulatory requirements as well as other requirements set’ [2].
In the LS reply from RAN4 [4], it was also mentioned that ‘RAN4 is in opinion that the partial overlap period is too short to apply MPR/A-MPR schemes’. Considering the current definition of 
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 depends on MPR/A-MPR schemes, it is possible that RAN4 would not provide the definition of 
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 for the partial overlap period. In this case, it is suggested to reflect the requirement directly in RAN4 that UE should comply with regulatory requirement and other requirements set while RAN1 does not specify anything. 
Proposal 1: To send LS to RAN4, asking RAN4 to consider either of the followings:
· Alternative 1: provide the definition of 
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 for the partial overlap period
· Alternative 2: reflect the requirement in RAN4 that UE should comply with regulatory requirement and other requirements set
2.2 Further discussion on power control for multiple TA
If RAN4 chooses Alt. 2, RAN1 should not specify anything such as the sentence considered earlier in [1] due to the lack of definition for 
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 during the partial overlap period.
If RAN4 chooses Alt. 1, more details about the power adjustment can be considered in RAN1. Different power scaling schemes were proposed in [3]

 REF _Ref331105494 \r \h 
[4]

 REF _Ref331105496 \r \h 
[5]. One of the main concerns is whether the power adjustment should apply to the exact overlap period or to a whole SC-FDMA symbol or even to the whole subframe. Some analysis is provided below:
Option 1: To apply the power scaling schemes subframe by subframe
In this option, power scaling operation is applied subframe by subframe.
To decide the output power of cell c in subframe i, Rel-10 power scaling rules are reused for the period of subframe i of multiple cells without partial overlap. The same rules are also applied for the partial overlap period of multiple cells with 
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 to be further defined in RAN4. The resulting lowest power is the output power of cell c in subframe i.
Note with this option, to decide the transmit power in a UL subframe, the UE has to predict the output power of the next subframe in the different TAG(s).

Option 2: Apply the power scaling schemes to the SC-FDMA symbol with the partial overlap period
In this option, power scaling operation in addition to Rel-10 schemes is applied through the SC-FDMA symbol with the partial overlap period. 
To decide the output power of the SC-FDMA symbol with partial overlap period for cell c in subframe i, the same procedure can be used as described in option 1.

With this option, when the power of one SC-FDMA symbol is different from the other symbols for the same PUSCH transmission, it will cause performance degradation for PUSCH decoding with higher order modulation. 
Option 3: Apply the power scaling schemes to the exact overlap period
In this option, power scaling operation in addition to Rel-10 schemes is applied only to the partial overlap period.

To determine the output power of the partial overlap period for cell c in subframe i, the Rel-10 power scaling rules can be applied for the partial overlap period of multiple cells with 
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 to be further defined in RAN4.
However, according to the LS from RAN4 [2], their opinion is that the partial overlap period is too short to apply MPR/A-MPR schemes and it is not desirable for the UE to change transmission power within that short time. 
All the above three power scaling options have similar standardization impacts:

· Definition of 
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 during the partial overlap period
· Rel-10 power scaling rules applied to the partial overlap period to help decide the output power of the subframe/symbol/partial overlap period

· Power adjustment according to the decided output power

Each of the above three power scaling schemes has its drawback or problems as summarized in Table 1. 
Table 1. Drawback/problem of the power scaling options
	Power scaling scheme
	Option 1
subframe level
	Option 2
SC-FDMA symbol 
	Option 3
Overlap period

	Drawback/problem
	Power prediction needed*
	Negative impact on PUSCH detection with higher order modulation 
	RAN4’s concern on changing transmission power within the short time


* The channels in the next subframe should be considered for the power setting in the current subframe 

Based on the above analysis, it is difficult to decide the best option to be adopted. Therefore, more research is needed. In doing so, different aspects such as implementation complexity and performance in different scenarios should be further studied. However, considering the time limitations for Rel-11, we propose only to specify the general description of power adjustment and to leave the details for UE implementation. The following proposal is revised based on the sentence included in the LS [1].
Proposal 2: If the UE is configured with multiple TAGs, and if the UL transmission of the UE on subframe i for a given serving cell overlaps with some portion of the first symbol of the UL transmission on subframe i+1 for a different serving cell, the UE shall adjust its transmission power not to exceed 
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 for the overlap portion. 

3 Conclusions
In this contribution, some issues related to power control under multi-TA group were discussed. Based on the analysis, we have the following proposal:
To send LS to RAN4, asking RAN4 to consider either of the following options:
· Alternative 1: provide the definition of 
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 for the partial overlap period
· Alternative 2: reflect the requirement in RAN4 that UE should comply with regulatory requirement and other requirements set
If RAN4 chooses Alternative 1, it is proposed to specify in RAN1 the following and leave the detail power adjustment procedures for UE implementation:
If the UE is configured with multiple TAGs, and if the UL transmission of the UE on subframe i for a given serving cell overlaps with some portion of the first symbol of the UL transmission on subframe i+1 for a different serving cell, the UE shall adjust its transmission power to not exceed 
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 for the overlap portion.
If RAN4 chooses Alternative 2, RAN1 should not specify anything.
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