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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 [1]-[3], and the conclusion was:
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. So power scaling and priority order need to be defined for MTA. In this contribution, we discuss different scenarios and provide our recommendations.
Discussion

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. Although the overlapping period is less than one OFDM symbol, as a basic principle, the power within one OFDM symbol duration should be kept the same in order to maintain the orthogonality. Of course this does not include the possible power ramp-up or ramp-down period.
Proposal 1: The power of one OFDM symbol for PUCCH/PUSCH/SRS should be kept the same throughout the OFDM symbol period.

1.1 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 2: 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.

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

[image: image1]
Figure 1 Illustration of UE transmit power for overlapping period
Figure 1 illustrates the overlapping period of consecutive subframes on two CCs, where the transmit power during the overlap exceeds the maximum transmit power. We discussed a few options for handling the simultaneous transmission on PUCCH/PUSCH and PUSCH for the power limited case in [3]. There are basically three options:

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

This means that the maximum power per carrier is reduced, which results in reduced coverage and degraded performance. Therefore it should be excluded from further consideration.

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

The advantage of this scheme is that the OFDM symbols corresponding to one PUSCH transmission all have the same power; otherwise the eNB would have difficulty decoding the higher order modulation due to the mismatch of the power between RS and data symbols. Moreover, all the OFDM symbols corresponding to one PUCCH transmission should have the same power in order to maintain the orthogonality among UEs.

If we want ensure the same transmission power for PUSCH/PUCCH in the entire subframe, and the total transmit power at any time does not exceed the maximum power, we would need to scale down based on the worst instance, possibly the overlapping duration. For the example in Figure 1, the transmit power for both PUSCH transmissions (SF n in CC1 and SF n+1 in CC2) would need to be reduced by half. With only half of the power for almost the entire PUSCH/PUCCH transmission, there is an immediate loss of 3 dB. This is a very inefficient way that would result in unsuccessful transmission and throughput degradation.

In addition, priority typically needs to be defined between the channels when performing power scaling. When the power for the entire PUCCH/PUSCH subframe needs to be kept the same, it becomes likely that the UE power scaling in subframe n depends on the power scaling in subframe n+1, which in turn depends on the power scaling in subframe n+2, and so on. To avoid the situation, priority needs to be defined not only between channels, but also for different subframes. For example, the priority can be applied sequentially subframe by subframe. However, this may result in some undesirable power scaling down for some important channels in subsequent subframes.
Given the extreme inefficiency of this approach and the complication, it is appropriate to exclude this approach from further investigation.

3. Separately scale down the power of the overlapping OFDM symbol

The power scaling behaviour was already defined in Rel-10 for PUCCH/PUSCH, with priority order given by PUCCH > PUSCH with UCI > PUSCH without UCI. The same principle with the same priority order can be applied to the overlapping OFDM symbol. The difference from Rel-10 would be that the transmission channels in two consecutive subframes need to be considered when performing the prioritization.

As explained earlier, when the power of one OFDM symbol is different from the other symbols for a PUSCH/PUCCH transmission, it will cause some issues for PUSCH decoding for higher order modulation and PUCCH UE separation. If PUCCH is given the highest priority (other than PRACH on SCell), it is always allocated with the available power first. So the power should be constant throughout the PUCCH transmission, as long as there is no PRACH on SCell (which is a rare event).
The decoding issue for higher order modulation still exists. Compared to option 2, power scaling is only done at the overlapping symbol, thus resulting in minimal loss in power, and the PUSCH can always benefit from HARQ. Even with the non-constant transmit power, it is still expected to perform better than option 2. The extent of the impact would need further investigation.
4. Puncturing/rate matching
It was proposed in [3] that puncturing or rate matching for PUSCH can be performed when the power exceeds the limit during the overlapping symbol. Continuous puncturing of one symbol or rate matching around one symbol on PUSCH roughly translates into 8.3%, or 0.38 dB loss on that carrier. Comparing puncturing vs. rate matching, puncturing is preferable because it does not require the eNB to know the relative timing between different CCs in order to know the rate matching pattern. Puncturing could be worse than scaling down the power of the overlapping symbol (option 3), because it is losing an entire OFDM symbol rather than part of the power.

By comparing these different options, option 3 appears to be a promising approach.

Proposal 3: Separate power scaling during the overlapping OFDM symbol, with priority order of PUCCH > PUSCH with UCI > PUSCH without UCI, should be considered for simultaneous transmission of PUCCH/PUSCH on different CCs in power-limited case.
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. We understand that this is not consistent with the earlier agreement of dropping SRS when partially overlapping with PUCCH/PUSCH. But we think this makes more sense.
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.
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: The power of one OFDM symbol for PUCCH/PUSCH/SRS should be kept the same throughout the OFDM symbol period.
Proposal 2: 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 3: Separate power scaling during the overlapping OFDM symbol, with priority order of PUCCH > PUSCH with UCI > PUSCH without UCI, should be considered for simultaneous transmission of PUCCH/PUSCH on different CCs in power-limited case.

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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