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1 Introduction

In RAN1#67, the following were agreed. 

· 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.  

This document discusses UE behaviour of simultaneous transmission of the above cases. Note that our understanding is the maximum timing difference between UL component carriers is 31.3 s, which is same as DL timing difference [1]. 
2 Intra and Inter-subframe simultaneous transmission 
In case of multiple TA, transmission timing may be different between component carriers. Therefore, there is the timing when the transmissions of different CCs are within the same subframe and the timing when the transmissions are among different subframes, as shown in Fig. 1. We call these as "intra-subframe simultaneous transmission" and "inter-subframe simultaneous transmission", respectively.
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Figure 1 Intra-subframe and inter-subframe simultaneous transmission
In Fig 1, both intra-subframe and inter-subframe simultaneous transmissions are shown. However, there is also the case that only inter-subframe simultaneous transmission happens, i.e. only 1 CC is transmitted in most of the time in a subframe as shown in Fig 2(a). In addition, discussion on SRS case handling is also required. This is shown in Fig 2(b). 
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(a) inter-subframe only                               (b) intra-subframe SRS+PUSCH (or PUCCH)
Figure 2 various cases for intra and inter-subframe simultaneous transmission
2.1 Intra-subframe simultaneous transmission

For intra-subframe simultaneous transmission, we think the same UE behaviour as in Rel.10 can be simply applied for PUCCH and PUSCH regardless of occurrence of inter-subframe simultaneous transmissions because constant transmission power for all SC-FDMA symbols within a subframe (which is preferred for 16QAM/64QAM demodulation) would not be anyway guaranteed considering the transient period. Fig. 3 shows the general ON/OFF time mask described in TS36.101. In the transient period, there is no specific requirement on the transmission power. Therefore, in general, the first OFDM symbol and the last OFDM symbol have a period with uncertain transmission power. With the timing offset up to 31.3 us, the period with uncertain transmission power is located within the first or the last OFDM symbol. Therefore, it is sufficient to use the same UE behaviour as in Rel.10 for intra-subframe simultaneous transmission regardless of occurrence of inter-subframe simultaneous transmissions. 
For intra-subframe SRS and PUSCH/PUCCH simultaneous transmissions as shown in Fig. 2(b), below discussion for inter-subframe simultaneous transmission is applied since only small portion of the channels are overlapped. 
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Figure 3. General On/Off time mask from [2]
2.2 Inter-subframe simultaneous transmission

For inter-subframe simultaneous transmission, we see two possible approaches. One is inter-subframe power control is well specified. The other is inter-subframe power control is handled as transient period.
Approach 1: Inter-subframe power control 
Transmission power of low priority channel is reduced when the total transmission power exceed the allowable transmission power. In this approach, UE power control behaviour for inter-subframe simultaneous transmission is defined in the spec. As an example, PUCCH and PUSCH inter-subframe simultaneous transmissions are illustrated in Fig. 4. In this figure, total transmission power of PUCCH in subframe n+1 and PUSCH in subframe n exceeds the allowable transmission power. Inter-subframe power control is applied to the last SC-FDMA symbol in PUSCH (i.e. power scaling of PUSCH). The priority order could be the same as that of Rel. 10. For SRS related simultaneous transmission, a rule need to be defined since simultaneous transmission of SRS and PUSCH/PUCCH is not supported in Rel.10. In our view, SRS is lower priority than PUCCH and higher priority than PUSCH because no important information (e.g. HARQ-ACK) is mapped on the first and last SC-FDMA symbol. In addition, the first and last SC-FDMA symbol is likely to be distorted due to the transient period [2].
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Figure 4 Inter-subframe power control 

Approach 2: Extension of transient period 

In Rel.10, similar to Fig 3, transient period of 20us is defined between subframes and 40s between SRS and PUSCH/PUCCH [2]. During this transient period, the UE changes the transmission power. The transmission power within the transient period is unspecified.

In this approach, the transient period of low priority channel is extended by the amount of TX timing difference (ΔTA) as shown in Fig. 5. Although Fig. 5 illustrates only in case of PUCCH and PUSCH simultaneous transmission, the same approach can be applied to PUSCH+PUSCH and SRS+PUSCH/PUCCH. This approach implies that exact transmission power of low priority channel for inter-subframe simultaneous transmission is not specified. It is up to UE implementation how to set the transmission power not to exceed the allowable transmission power for inter-subframe simultaneous transmissions. Therefore, power control behaviour for multiple TA does not need to be explicitly defined for this transient period. 
We currently prefer approach 2 for its simplicity. 
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Figure 5 Extension of transient period 

3 Issue in RAN4 spec.
In TS36.101(V10.5.0) the requirement for UE transmission power is defined in subframe level, i.e. mean power in a subframe (excluding transient period) is used as the value of transmission power (ON power) according to section 6.3.4 in TS36.101(V10.5.0). 
Before RAN1 concludes UE behavior for inter-subframe simultaneous transmission, the followings should be clarified. 
· Whether the total transmission power at any samples shall not exceed the allowable transmission power or the total transmission power is defined as subframe level. 
· If mean power in a subframe (1ms) is used as the transmission power to be accessed, which CC’s subframe timing should be used. 
We propose to send LS on above topic to RAN4. 

4 Conclusion
In this contribution, we discussed the UE behaviour for intra-subframe and inter-subframe simultaneous transmission caused by multiple TA. Two approaches are discussed as a solution for inter-subframe power limitation. 
Approach 1: inter-subframe power control

Approach 2: extension of transient period

Since extension of transient period does not need to define additional power control behaviour for multiple TA, we currently prefer approach 2. 
Additionally, we suggest to ask the following to RAN4. 

· Whether the total transmission power at any samples shall not exceed the allowable transmission power or the total transmission power is defined as subframe level. 

· If mean power in a subframe (1ms) is used as the transmission power to be accessed, which CC’s subframe timing should be used.
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