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1 Introduction
Multiple Timing Advance (MTA) functionality is introduced in LTE Rel-11 for the scenarios in which frequency selective UL repeaters or Remote Radio Head will be deployed flexibly [1]. The uplink (UL) transmission timing across CCs in different TA groups maybe non-synchronous and apply different TA setting. Consequently, under the multi-TA group operation, it is possible that partial symbol overlapping or full overlapping arising from different TAs in different TAGs occurs.
In RAN1 #68 meeting, the following UE behaviour was agreed for power-limited case: 

· Partial overlap between:
· SRS+PUCCH/PUSCH/PRACH
· drop SRS
· PUSCH+PUCCH/PUSCH

· TBD

· 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

It can be seen that power prioritization for the case of PUSCH + PUCCH/PUSCH, and for the case of PRACH on SCell and PUCCH/PUSCH on a different TA group are still open. In this paper, we share our views on the undetermined UE behaviours related to power control of MTA operation in Rel-11. 
2 Discussion 
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Figure 1: Overlap period cases in the MTA scenario
For a power-limited cell edge UE, in general power on the uplink component carriers should be scaled. According to agreements for MTA made in RAN1 #68, the maximum offset between TAGs may be up to 30us in case of partial symbol overlap and therefore the period during which this UE power adjustment is applied could exceed the currently defined transient period. Two practical scenarios are shown in Figure 1 according to the duration of partial overlapped period. 

It can be seen that in the first scenario, Scenario 1 in Figure 1, no standardized rule needs to be defined for how the UE should behave in case of power-limited, because the partial overlap is fully covered by the 20us transient period. However, for the second scenario, Scenario 2 in Figure 1, the standardized rule for power scaling for the MTA supporting need to be defined, since the UE total allowed transmission power across all its component carriers during overlap period can be reached even if it would be possible for the UE to transmit on each individual component carrier. 

In the following section, prioritization of power control across channels and cells are provided in more details corresponding to the undetermined cases: 

Case 1: PUSCH (on SCell) + PUCCH/PUSCH (on PCell)
During last RAN1 meeting, several solutions for power scaling in presence of MTA are further discussed based on the latest RAN4 LS reply [1]. After a comprehensive analysis of proposed inter-subframe power control approaches in term of coverage of CA capability of the UE, throughput performance losses and predictable impact on RAN4 workload, RAN1 eventually intends to include a sentence in the RAN1 specs roughly as follows: "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". Furthermore, One LS [2] is correspondingly drafted and approved to be sent to RAN4, to inform them about following options being discussed by RAN1 for inter-subframe power control： 

· Option 1: RAN1 only specifies that the PUSCH/PUCCH transmission power during the overlap period shall not exceed Pc_max (no RAN1 specification changes in addition to the sentence above if overlap period is covered by transient period).
· Option 2: RAN1 specifies the transmission power of the whole PUSCH/PUCCH symbol that partially overlaps with other transmissions so that Pc_max is not exceeded (new RAN1 rules required). RAN1 would like to note that such a solution might lead to considering the need for a new transition period at a symbol boundary within a subframe.
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Figure 2: Power scaling issue for case 1 in the scenario 2

The choice between the two options is highly dependents on the guidelines provided by RAN4, taking into account factors such as implementation/testing complexity and additional RAN4 standardization efforts. However, some prioritization principles, which are common to both of these inter-subframe power control schemes, could be discussed in parallel to waiting for the RAN4’s preference. In the following section, we simply present our preference on the prioritization across channels and cells. 

Generally speaking, the power scaling should be unequal between different component carriers, e.g. to take into account the type of channel on the component carriers or the transmission of ACK/NACK information on PUSCH on a specific component carrier. As a principle, similar like in Rel-10, the component carrier with critical HARQ-ACK information, either on PUCCH or on PUSCH, should be prioritized and remaining power are used by the other PUSCH transmissions, because L1 control information is generally more important than individual PUSCH transmission. Moreover, the MTA-driven power scaling operation only on part of first control OFDM symbol, not applied outside of overlapped period, may remove the necessary PUCCH orthogonality between UEs, resulting in Inter-Carrier Interference (ICI). Therefore, we propose the following prioritization rule for case 1: 
Proposal 1: PUCCH > PUSCH with UCI > PUSCH without UCI
Case 2: PRACH (on SCell) + PUCCH/PUSCH (on PCell)
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Figure 3: Power scaling issue for case 2 in the scenario 2
Regarding the PRACH structure, each format is defined by the duration of the sequence and its CP. Note that PRACH is always transmitted with the value TA=0 and SIB2-linked SCell, where the RA was performed, is used as timing reference. Since the UE aligns the start of the random access preamble with the start of the corresponding uplink subframe at the UE assuming a timing advance of zero, and the preamble length is shorter than the PRACH slot in order to provide room for a Guard Time (GT) to absorb the propagation delay. It should be possible to address the PRACH overlapping issue by properly enabling the uplink MTA within a practical coverage of an eNB. Considering overlapping case of SCell PRACH transmission in practice may occurs rarely, a simple power scaling on PRACH is reasonable and preferred to address this problem for the power-limited UE. Note that time duration of LTE PRACH sequence is 800us at least, therefore it could guarantee that puncturing on overlapping period, relatively very small of the whole PRACH sequence, if occurs, results in minimal performance loss for PRACH sequence detection. 
Proposal 2: Power scaling is performed on the PRACH on SCell when PRACH partially overlaps with PUCCH/PUSCH in case of power limited. 

3 Conclusions
In this contribution, we discussed some remaining issues related to power control of MTA for CA in Rel-11. Based on discussion so far, we propose: 
Proposal 1: PUCCH > PUSCH with UCI > PUSCH without UCI
Proposal 2: Power scaling is performed on the PRACH on SCell when PRACH partially overlaps with PUCCH/PUSCH in case of power limited. 
References
[1]  TS 36.300, “Evolved Universal Terrestrial Radio Access (E-UTRA) and Evolved Universal Terrestrial Radio Access Network (E-UTRAN); Overall description; Stage 2 (Release 11)”, 3GPP
[2]  R1-121908
“Reply LS on simultaneous transmission of PUSCH/PUCCH/SRS in multiple TA”, RAN1
PAGE  
3/3

_1405201392.vsd
Empty


PUCCH/PUSCH


PUSCH


Empty


Last symbol of Subframe n


First symbol of Subframe n+1


Overlap period > 20us


Cell 0   (TAG0)


Cell 1   (TAG1)


Option 1


Option 2


20us


20us



_1405248508.vsd
Empty


PUCCH/PUSCH


PRACH


Empty


Last symbol of Subframe n


First symbol of Subframe n+1


Overlap period > 20us


Cell 0   (TAG0)


Cell 1   (TAG1)


20us


20us



_1405178804.vsd
Subframe n-1


Subframe n



