Page 1

3GPP TSG RAN WG1 Meeting #68

R1-120486
Dresden, Germany, 6th – 10th February 2012
Agenda item:
7.2.3
Source: 
Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
Title: 
Power scaling for simultaneous transmissions of multiple UL channels with multiple TA groups
Document for:
Discussion

1 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 raised and discussed in RAN1#67 [1]-[3], and the conclusion was:
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 behvaiour for the case of power limitation. 

Study further the case of SRS + periodic CSI until RAN1#68.

In this contribution, we discuss the possible solutions.
2 Discussion 
Let us first assume that we do not introduce any new changes in Rel 11 to the existing power scaling methods. That means, the power scaling is still perform on a per-subframe basis, regardless of whether the subframe boundaries are aligned or not. In the worst case, the transmit power can be twice the maximum transmit power during the overlapping time period. Figure 1 shows one example when this occurs.

[image: image1]
Figure 1 Illustration of UE transmit power for overlapping period
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.
Below are a few options that can be considered:

1. No change in Rel 11

The burden would be on the UE power amplifier to handle the possible narrow spike in the overlapping area while still satisfying the out-of-band emission requirements. We assume that the cubic metric is a good metric to determine the power de-rating [5], thus a good indication of the power amplifier performance requirement. To estimate an upper bound for the increase in the cubic metric, we consider a hypothetical case when the total power is always the maximum, except that the transmit power during the subframe overlapping period (3.2% of the entire time) is doubled. It is further assumed that the signal during the non-overlapping period follows the same statistics as a regular multi-carrier signal, while the signal during the overlapping period also follows the same statistics but with double power (i.e. coherent addition of the two signals). This is a pessimistic assumption, and the real scenario is always better than this hypothetical one. Following the definition [5]
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the cubic metric is increased by only ~0.56 dB. This would serve as an upper bound for the real scenarios.
To handle the signal with higher cubic metric, generally the power amplifier will cost more if similar performance is to be maintained, such as signal distortion for the peak, out-of-band emissions. Whether the cubic metric calculated in this way is a good indicator to estimate the PA impact may still need further discussion.
2. Scale down to the maximum transmit power while keeping the power the same for PUCCH/PUSCH through the subframe
It was suggested in [1] that the OFDM symbols corresponding to one PUSCH transmission should 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. The chance for this to occur can be very significant for an edge UE (thus close to the power limit) that has heavy data transmission on UL and/or DL.
Note that the collision between SRS and PUSCH/PUCCH can also occur often. The power scaling down for SRS can potentially impact the channel state estimation at the eNB.

It also has an additional impact in that it needs to know the transmission for SF (n+1) when deciding the transmission power for SF n, which may or may not be available.

Given the extreme inefficiency of this approach, it is appropriate to exclude this approach from further investigation.
3. Scale down the power of the overlapping OFDM symbol
When the power of the overlapping symbol exceeds the limit, further scaling is done (possibly with certain prioritization rules). 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. Compared to option 2, power scaling is only done at the overlapping symbol, thus minimal loss in power. Even with the non-constant transmit power, it is still expected to perform better than option 2. Further study is needed to evaluate the extent of impact.
4. Puncturing/rate matching and dropping

It was proposed in [3] that puncturing or rate matching for PUSCH or SRS dropping can be performed when the power exceeds the limit during the overlapping symbol. Since this can be a very frequent event for a particular UE that reaches the power limit, it can have very significant impact on the user performance. Continuous puncturing of one symbol on PUSCH roughly translates into 8.3%, or 0.38 dB loss on that carrier. Extensive SRS dropping also results in PUSCH performance loss. 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.
Power Scaling with PRACH on SCell
In order to support multiple TA, RAN2 has agreed to support network initiated RACH for SCell via PDCCH order. Therefore, there could be simultaneous transmissions of PRACH on an SCell and PUSCH/PUCCH/SRS on PCell or PUSCH/SRS on other SCells. If the simultaneous transmission is supported, as discussed in [6], the immediate question is, how to scale down the power if the total power of the simultaneous transmissions would exceed the total maximum transmit power, and what priority should be given to PRACH on an SCell.

PRACH can be initiated only for an activated SCell, and the PRACH procedure will bring the SCell UL in-sync so that the UE can transmit data on the SCell UL. There are two main motivations for the eNB to initiate a PDCCH order to trigger PRACH on an SCell: (1) heavy UL data traffic; (2) RF condition on SCell becomes better than that on PCell.

In terms of the prioritization for power scaling, we can give PRACH highest or lowest priority.
1. PRACH on SCell has the lowest priority

The arguments supporting this option include:

· Since the UE is already power limited, it may not be very beneficial to bring up additional SCell(s) for UL transmission.

· For the cases when the RF condition on SCell becomes much better than that on PCell, the eNB can choose to switch the PCell to be the SCell with the better RF, instead of having more carriers for UL transmission.

· The eNB has full control of when to initiate the PRACH and when to schedule the PUSCH, and it also has full knowledge of PUCCH and SRS configurations. Therefore, the eNB can generally avoid the simultaneous transmissions.

However, this would put additional burden on the eNB’s scheduler to decide when/how to avoid simultaneous transmissions when scheduling.

Moreover, scaling down the power of the PRACH preamble runs counter to the whole preamble methodology which bases the transmit power on the estimated path-loss in order to ensure appropriate missed-detection and false alarm rates. 

Note also that the PRACH preamble can span across more than one subframe, depending on the PRACH configuration. Therefore, PRACH can overlap with different channels at different times during its entire duration. For example. it can overlap with PUCCH in the first subframe, but overlap with PUSCH in the second subframe. If the PRACH is given the lowest priority, the situation could arise that the power remaining from other higher priority channels is different during the preamble duration, resulting in varying preamble power, which could significantly impact PRACH detection performance. 

2. PRACH on SCell has the highest priority
It is the eNB’s decision to initiate PRACH on SCell. So it means that the eNB has determined (for whatever reason) that it is beneficial to have the additional SCell for UL transmission. Therefore, it makes sense to have the UE support the eNB’s decision and give PRACH higher priority. This could result in some DL/UL throughput loss during the RACH procedure, but it is supposed to be rare events so the overall impact should be very small.
This certainly assumes that eNB makes the right decision. Indeed, the eNB has all the information needed (power headroom, control channel/signaling configuration, buffer status report, etc.) in order to make the right decision.

Given the discussions, we prefer the 2nd option due to its simplicity.
In addition, there could also be up to half an OFDM symbol overlapping between PRACH and other channels in a different subframe. The consideration would be similar to what was discussed earlier about PUCCH/PUSCH + PUSCH and PUCCH/PUSCH + SRS, which can be left for future discussion after the decision is made for those cases.
3 Conclusions
1. For power scaling for simultaneous transmissions of multiple UL channels, option 2/3/4 (power scaling based on the further power scaling during the overlapping OFDM symbol, puncturing/rate matching, SRS dropping) have non-negligible performance impact, while option 1 may have some impact on the power amplifier. Given that the overlapping period is very small, option 1 is worth further consideration. If it does not require much additional cost in the power amplifier to handle the possible narrow spike without breaching out-of-band emission requirements, the power scaling method in Rel 10 can remain unchanged.  Otherwise, option 3 (full or partial scaling) can be investigated in further detail to control the out-of-band emissions. 
2. For PRACH on SCell, we prefer to prioritize PRACH over other channels – i.e. scale down other channel accordingly.
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