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Discussion

1
Introduction

In R10, the same UL Tx timing is applied by a UE configured with more than one serving cell. The TA value is derived from the PCell. For R11, it was agreed in RAN2#74 to support different UL Tx timing settings for different serving cells, i.e. support of multiple TA groups. The goal is to allow for more flexibility when supporting CA in deployment scenarios such as including frequency selective repeaters. The same TA setting is applied to all serving cells belonging to the same TA group. Serving cells in different TA groups can possibly employ different TA settings.

This results in additional simultaneous transmission scenarios to consider in R11 when combinations of PUSCH, PUCCH, SRS channels / signals are concurrently transmitted on a first TAG and a second TAG.

During RAN1#68, it was agreed that in case of partial symbol overlap arising from different TAs in different TAGs, RAN1 assumes a maximum overlap of approximately 30 us (any tolerances are up to RAN4) for inter-band TAGs, that the UE cannot exceed Pcmax even for one symbol and that it is a requirement that the PRACH preamble power is constant for the duration of the preamble.
In the reply LS from RAN4 [1], it is clearly indicated that RAN4 has not considered modifying the transient period definitions because of multiple TAGs. A UE must comply with regulatory requirements. If UE transmission power during the measurement period exceeds Pcmax then requirements cannot be guaranteed, therefore UE may adjust its transmissions. This adjustment would affect transmit powers in Cell1 or Cell2 or both.
In this contribution, we present evaluation results showing how some of these proposed inter-subframe power control approaches [3]

 REF _Ref324326969 \r [4] in the UE would (or would not) affect achievable throughput performance under FRC-like conditions.
2
Evaluation methodology
Within a transition, or partial overlap, period, one UL serving cell is still transmitting subframe 
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, but another UL serving cell begins to transmit subframe n+1. From the eNB perspective, the issued UL scheduling grants may not necessarily lead to a power limitation during the time period when both cells actually transmit in their respective subframes. From the UE perspective however, a power limitation may arise during the partial overlap period, if the sum of the transmit powers during the partial overlap coincidently exceeds the maximum power of the UE.
During the RAN1#68 meeting, several approaches to avoid transmit power overshoots when operating in presence of multiple TA were discussed [3]

 REF _Ref324326969 \r [4]. These include for example inter-subframe power control through scaling applied to the last SC-FDMA symbol of the less timing-advanced CC [3], as illustrated in Figure 1, or through scaling transmit power on all currently transmitting cells[4].
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Figure 1: Inter-subframe power control for operation in presence of multiple TA, by scaling last symbol in less timing advanced CC
Both these approaches have in common that UE transmit power is changed only around the time of the partial overlap, as opposed to an entire subframe.

In this contribution, we provide some insight as to how well, or how poorly, such scaling schemes could perform.
The purpose of scaling during the overlap period is to reduce the total UE transmit power during the partial overlap to not exceed Pcmax. While there are many ways scaling could be applied, it is instructive to see what the performance impact would be in some assumed worst case overlap scenario and using some simple scaling method.
We considered the following as a decently worst case power overlap scenario: In subframe n, a maximum-power transmission only occurs in the less timing advanced CC2, which is then followed by a maximum-power transmission only in the more timing advanced CC1 in subframe n+1.

We chose to apply the scaling to both CCs as suggested in [4] rather than to just one as suggested in [3]. More specifically, scaling is applied to the first symbol of the more advanced CC1 in the “next” subframe and to the last symbol of the less advanced CC2. For the amount of scaling, we chose the extreme, which is to simply scale by one-half (because there are two TAGs each potentially at Pcmax) the transmit power in the overlapping symbol in each CC. In consequence, the UE total power in the overlapping symbol should not exceed a common Pcmax value (we ignore the possibility of different MPR in the 2 adjacent subframes). This worse-case equal scaling scenario is shown in Figure 2.
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Figure 2: Assumed worse-case scenario for inter subframe power control in presence of multiple TA
In order to quantitatively evaluate the effect that the equal scaling approach for the assumed worst-case scenario in Figure 2 would have, we compare the performance of one-symbol scaling by one-half vs. no scaling for just one CC. The intent of the setup is to observe performance loss under FRC-like conditions for the equal scaling approach without actually simulating two TAGs. We make the assumption that the eNB is aware of the amount of Tx power scaling applied by the UE, and compensates for this upon demodulation.
To make a fair performance comparison for the same total Tx power levels, in our simulation the remaining symbols in a subframe are scaled up such that the average or total transmit power of the subframe is the same regardless of whether or not the scaling is applied. For normal CP, the Tx magnitude scaling factors which yield one symbol being 3 dB below the remaining symbols, and the average power of the entire subframe being the same in the scaling and no- scaling cases are: a1=sqrt(14/27) and a2=sqrt(28/27); for extended CP the factors are: a1=sqrt(12/23) and a2=sqrt(24/23). Application of these two scale factors for the simulation is illustrated in Figure 3.
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Figure 3: Application of two scale factors for measuring performance of equal power scaling
3
Evaluation results
Throughput results under FRC-like conditions are shown in Figures 4-6. Detailed simulation assumptions are summarized in the Appendix. Two FRC tests were taken from 36.104 Section 8.2.1.1 to measure the effect of scaling when operating in presence of multiple TA versus no scaling in case of R10 operation.
For 16QAM (Figure 4), the observed performance loss is only about 0.5 dB. For 64QAM (Figure 5), we observe a performance loss measured with respect to maintaining constant throughput of about 3 dB.

When we compare the 16QAM and 64QAM throughput numbers to the FRC minimum throughput requirements [5] in Figure 6, we observe that using inter subframe power scaling, the existing FRC minimum throughput requirement criteria [5] would be met for the 16QAM case, but not necessarily for the 64QAM case.
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Figure 4: Link-level throughput for inter subframe power control scaling (16QAM)
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Figure 5: Link-level throughput for inter subframe power control scaling (64QAM)
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Figure 6: Link-level throughput versus FRC requirements for inter subframe power control scaling
3
Conclusions and Recommendations

In this contribution, we evaluated throughput performance losses for inter subframe power control scaling approaches such as described in [3]

 REF _Ref324326969 \r [4] under FRC-like conditions. We deliberately made worst case assumptions in order to assess how well, or how poorly, such scaling schemes could perform.
We assumed that the eNB is aware of the amount of Tx power scaling applied by the UE, and that it compensates for this upon demodulation.

We observe that 64QAM throughput performance would suffer more than 16QAM. The observed throughput degradation under FRC like conditions for the UE transmit power scaling amounts to 0.5dB for 16QAM and about 3dB for 64QAM. The existing FRC minimum throughput requirements in 36.104 Section 8.2.1.1 would be met for the 16QAM case, but not necessarily for the 64QAM case.

We note however the 64QAM case is limited to Category 5 or 8 UE’s only. Moreover, even if these terminals were available, the scheduler could still likely try to avoid or adjust for the use of 64QAM under suboptimal conditions.
In summary, we deem that the UE based inter subframe Tx power scaling approach of applying equal scaling to the one-symbol per CC in the partial overlap to avoid transmit power overshoots when operating in presence of multiple TA, provided that the eNB knows the amount of scaling applied by the UE, in principle could meet applicable RAN4 throughput requirements.
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Appendix

Table 1: FRC simulation assumptions

	Parameter
	Value

	System Bandwidth
	10 MHz

	Antenna configuration
	1x2

	Resource allocation
	50 PRB

	CP
	Normal

	Test Mode
	FRC

	Modulations scheme
	16QAM, 64QAM

	TBS
	16QAM: 21383

64QAM: 36696

	Channel model
	EPA low correlation

	Velocity
	3 km/h

	Channel estimation
	Ideal

	Receiver
	MMSE

	Noise estimation
	Ideal
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