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Introduction
In Rel 10, power scaling behaviour is defined at the UE for the power-limited case when there is simultaneous transmission of PUCCH/PUSCH(s), and it is done on a per-subframe basis. This is feasible because all the carriers are synchronized, with the subframe boundaries aligned. When multiple TA groups are introduced in Rel 11, the transmit timing for carriers in different TA groups may no longer be perfectly aligned. There could be overlapping between the transmission in one subframe in one CC and the transmission in the previous or next subframe in another CC. If the same power scaling approach as in Rel 10 is used, it can occur that the power in the overlapping duration may still exceed the maximum UE transmit power. The issue was discussed in RAN1#68, and the following conclusion was reached:
Conclusions for behaviour when power-limited:

· 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 

An LS [1] was also sent to RAN4 to inquire on the definition of transient period for multiple TA groups. The reply LS from RAN4 [2] indicated that the power should not exceed Pcmax even during the transient period. This means that RAN1 cannot depend on transient period to handle the overlapping period. After further discussion in RAN1#69, an LS [3] was sent to RAN4, asking RAN4 to consider adjusting the transient period, and indicating 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."

It was also agreed that:

For RAN1 spec, consider the following until RAN1#70:

· Consider further whether a recommendation should be included as to how the UE should adjust the transmission power, e.g. “this transmission power adjustment should be applied to the PUSCH."

· Aim to specify that the power adjustment is the minimum adjustment necessary to avoid exceeding the maximum transmission power. 

· Pcmax definition – see 3023. 

In this contribution, we discuss the remaining open issues for multiple TA and provide our recommendations.
Discussion

1.1 Simultaneous transmission of PUCCH/PUSCH on PCell and PUSCH on SCell(s)

For the power limited cases for simultaneous transmission of PUCCH/PUSCH on PCell and PUSCH on SCell(s), a few main options have been discussed in RAN1#69 and previous meetings:

1. Define the maximum power per carrier so that the sum does not exceed the total power

2. Scale down to the maximum transmit power while keeping the power the same for PUCCH/PUSCH through the subframe

3. Puncturing/rate matching of the first/last SC-FDMA symbol

4. Scale down the power of the overlapping SC-FDMA symbol

5. Scale down the power only during the overlapping period

During RAN1#69 discussion, it was agreed that option 1-3 are excluded from further consideration due to performance concerns. The open issue is whether to have specific recommendation on how to perform power scaling, and whether option 4 or 5 should be used.

It was clarified in [4] that the UE should cope with a delay spread of up to 31.3 us among the component carriers monitored at the receiver. The transmission time misalignment among carriers in the UL should be about the same. If we assume the worst case, the overlapping period is about 32 us, which is about half of an OFDM symbol, or 3.2% of one subframe. Currently in RAN4, there is 20 us transient period defined on each side of the subframe boundary if there is PUCCH/PUSCH transmission in both subframes. Although the concept of transient period does not exist in RAN1, it would affect how effective the power scaling scheme is in some cases.
Comparing option 4 and 5, we have the following observations:

· Comparing the impact of option 4 and 5 on the PUSCH higher order modulation, option 5 has some advantage. For an OFDM symbol, different power scaling on different part of the symbol can cause the loss of orthogonality and result in amplitude and phase distortion in the recovered symbols. However, for an SC-FDMA symbol, different power scaling on part of the symbol will mostly just cause the inaccurate amplitude information for that part of the symbol. Therefore, option 5 would only result in the amplitude distortion for the symbols carried over the overlapping period, rather than the entire SC-FDMA symbol in option 4. This gives some advantage to option 5 for higher order modulation.
· Option 4 would introduce an additional transient period at the SC-FDMA symbol boundary, which does not exist today. This transient period would deteriorate the signal e.g. for up to 20 us (if the same length is defined). If we compare option 4 (which has a 20 us transient period at both the beginning and the end of the SC-FDMA symbol) and option 5 (which has a up to 31.3 us power adjustment window), option 4 appears to have a longer time period where the UE power behavior is unspecified.
Overall option 5 has some advantages over option 4, therefore we propose:
Proposal 1: For the partial overlap of PUSCH/PUCCH and PUCCH, the power adjustment is applied only during the overlapping period.
The next question is whether specific power scaling behavior should be defined for the overlapping period. The maximum overlapping period is 31.3 us, which is larger than the 20 us that can be handled by the already defined transient period. However, given that it is only an additional 11 us, and any specified power adjustment rules would unavoidably introduce an additional transient period, it does not seem to provide any practical benefit by introducing specific rules. Therefore we think it is reasonable to have the following:
Proposal 2: For the partial overlap of PUSCH/PUCCH and PUCCH, it is left to UE implementation regarding how to perform power adjustment during the overlapping period.

1.2 Simultaneous transmission of PRACH on SCell and PUCCH/PUSCH/SRS
In RAN1#68, it was agreed that parallel transmission of PRACH on SCell and PUSCH/PUCCH/SRS in different TAGs should be supported at least in the non-power-limited case. It was further agreed that PRACH should have the highest priority when there is full overlap between PRACH on SCell and PUCCH/PUSCH. There is no reason that the partial overlap scenario should be handled differently. Therefore, we propose that:

Proposal 3: when the maximum UE transmit power is reached, PRACH on SCell should always have the highest priority. This applies to both full overlap and partial overlap scenarios.
Given that the overlapping between PRACH and PUCCH/PUSCH can be much more than 31.3 us [5], the power scaling may need to be applied to more than one OFDM symbol. In this case, it can be considered that the power scaling is applied to the entire subframe instead of the overlapped OFDM symbols only. However, regardless of which option is chosen, it should not result in much performance difference because it is supposed to be an infrequent event under the eNB control.
1.3 Simultaneous transmission of SRS and PUCCH/PUSCH in different TAGs

In Rel-10, simultaneous transmission of SRS and PUCCH/PUSCH on the same symbol is not supported on the same CC or different CCs. SRS dropping can be effectively avoided by having the same SRS subframes configured for multiple CCs. When there are multiple TAGs in Rel-11, it becomes difficult to effectively avoid the symbol overlapping between SRS and PUCCH/PUSCH. Therefore, parallel transmission of SRS and PUCCH/PUSCH in different TAGs should be supported.
Proposal 4: Parallel transmission of SRS in one TAG and PUCCH/PUSCH in different TAGs should be supported at least for the non-power-limited case.
This could be extended to SRS and PUCCH/PUSCH in the same TAGs as well, although this will change the Rel-10 behavior.

For the power-limited case, PUCCH and PUSCH should have higher priority than SRS. Given that SRS power scaling would affect the channel state estimation at the eNB, thus affecting the effectiveness in scheduling, SRS should be either transmitted with the desired power or simply dropped.
Proposal 5: For power-limited case, SRS should have lower priority than PUCCH/PUSCH, and should be dropped when there is not sufficient power. Power scaling should not be applied to SRS when there is simultaneous transmission with PUCCH/PUSCH.
Conclusions
In this contribution, we discussed the issues on the simultaneous transmission of multiple UL channels, and proposed the following:

Proposal 1: For the partial overlap of PUSCH/PUCCH and PUCCH, the power adjustment is applied only during the overlapping period.

Proposal 2: For the partial overlap of PUSCH/PUCCH and PUCCH, it is left to UE implementation regarding how to perform power adjustment during the overlapping period.

Proposal 3: when the maximum UE transmit power is reached, PRACH on SCell should always have the highest priority. This applies to both full overlap and partial overlap scenarios.

Proposal 4: Parallel transmission of SRS in one TAG and PUCCH/PUSCH in different TAGs should be supported at least for non-power-limited case.
Proposal 5: For power-limited case, SRS should have lower priority than PUCCH/PUSCH, and should be dropped when there is not sufficient power. Power scaling should not be applied to SRS when there is simultaneous transmission with PUCCH/PUSCH.
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