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1
Introduction

L1 aspects of multiple TA operation in support of R11 carrier aggregation have been discussed during the past several RAN1 meetings.

In Feb 2012 RAN1 #68, it was agreed that for UE behaviour in the power-limited case:

· Partial overlap between:

· SRS+PUCCH/PUSCH/PRACH

· drop SRS

In March 2012 RAN1 #68bis, RAN1 received the RAN4 LS in R4-122226, where referring to the partial overlap, RAN4 was stated that

“ ... it not desirable for the UE to change transmission power within that short time.”
Following May 2012 RAN1 #69, an LS to RAN4 was sent in R1-123067:

RAN1 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."

RAN1 is still discussing whether this power adjustment should apply only to the exact overlap period or to a whole SC-FDMA symbol. If RAN4 has any guidance for the choice, please inform RAN1.

RAN1#69 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

If RAN4 decides not to change the transient period, RAN1 will discuss again. 

By specifying only that that the UE shall not exceed PCMAX during the overlap period, the actual method is left to implementation. A likely result is that the UE will scale one or more of the channels during the overlap period for some or all of the symbol(s) in the overlap period.
In this contribution we first evaluate the cost in terms of throughput performance of scaling PUSCH-only as a function of the UE transmit power situation under FRC like conditions in Section 2. We note that when such scaling is employed by the UE as a function of the UE power situation, or when this is left to implementation, the eNB will be unaware of the scaling.
We then describe and evaluate the throughput performance for fixed scaling of PUCCH and PUSCH in Section 3. Here, the deterministic scaling aspect would enable the eNB to be aware of the scaling and compensate for it accordingly.
We discuss these results in Section 4 and provide our recommendations in Section 5.

2
Variable PUSCH-only scaling w/o eNB rescaling
It is our interpretation of the RAN1#69 agreement that preventing the UE from exceeding PCMAX during the overlap period involves the UE autonomously scaling only PUSCH, or only PUSCH w/o UCI, in the overlapping symbol, reflecting the R8 priorities. We also note RAN4’s response that transmission power not be changed during the short time of the partial overlap, and thus assume that the entire overlapping PUSCH symbol should be scaled, i.e., not just during the actual overlap. The amount of scaling would be dependent on the UE power situation, i.e., PUSCH would be scaled by some variable factor such that the sum of PPUCCH and PPUSCH (or the sum of PPUSCH) does not exceed PCMAX in the overlap. We have determined what such power scale factors would be for PUCCH and PUSCH (or for PUSCH w/ and w/o UCI). These are shown in the formulation for SPUSCH in Appendix 3. We think that if such scaling would be applied to one symbol, e.g., the last symbol of the less timing-advanced CC in subframe N or the first) symbol of the more timing-advanced CC in subframe N+1, per subframe of PUSCH, that there would also be no compensation at the eNB in response to this scaling.
For this variable one-symbol PUSCH-only scaling at the UE w/o eNB rescaling, we measured PUSCH throughput for various PUSCH scale factors, including no-scaling as the baseline, in FRC-like conditions. The results are shown graphically in Figure 3. From that data, the margins with respect to 70% throughput were determined, those results are shown in Table 1.

For the simulation, the average transmit power of PUSCH after scaling was kept the same as before scaling, to make the non-scaling and scaling results comparable. This was achieved by applying scale factors at the UE to both the nominally scaled one symbol and nominally not-scaled remaining symbols; the actual scale factors are given in formulas in Appendix 1.

Table 1: Throughput margins [dB] for variable PUSCH scaling w/o eNB rescaling

	Nominal PUSCH Scaling
	QPSK
	16-QAM
	64-QAM

	1 (No Scaling)
	1.7
	2.3
	2.7

	1/2
	1.5
	2.0
	2.3

	1/3
	1.3
	1.5
	1.8

	1/4
	1.0
	0.9
	1.2

	1/6
	0.5
	-0.5
	0

	0
	(1)
	(1)
	(1)


(1) Throughput margin not measurable, because BLER=1
To place the PUSCH scale factors in Table 1 in context, in Appendix 3 are examples of particular scale factors that would result from particular UE power situations.

3
Fixed PUCCH and PUSCH scaling w/eNB rescaling
It is an alternative to variable scaling of PUSCH-only to consider fixed scaling of PUCCH and PUSCH, i.e., the amount of scaling is not a function of the actual power situation in the UE, which can never be exactly known by the eNB. Fixed scaling enables the eNB to be aware of the amount of scaling employed at the UE and compensate for it accordingly.

Two variants of fixed scaling are possible. In one variant, the UE scales one (the last) symbol of the less timing-advanced CC in subframe N and one (the first) symbol of the more timing-advanced CC in subframe N+1, and the eNB rescales the one symbol. In the second variant, the UE scales two symbols (the first and last) in subframe N, and the eNB rescales both symbols. The first variant requires that the eNB know which CC is more and which CC is less timing advanced, whereas the second variant does not require such timing knowledge at the eNB.
We used the value of ½ as the nominal symbol power scale factor for both PUCCH and PUSCH, because scaling the power of the overlapping symbols by ½ ensures that PCMAX can not be exceeded in the overlap of two subframes. We used the recriprical of the UE symbol scale factor, i.e., 2, as the rescaling factor at the eNB. As was done for variable PUCCH-only scaling w/o eNB rescaling, the average transmit powers after scaling were kept the same as before scaling, to make the non-scaling and scaling results comparable; this was done by actually scaling the nominally scaled symbol by slightly more than ½, and scaling the nominally not-scaled symbols by slightly more than 1 (the exact formulations are in Appendix 1).

Fixed PUCCH scaling w/eNB rescaling results

We measured PUCCH BER for 11 A/N bits, for one-symbol scaling and two symbol fixed scaling w/eNB rescaling, and for no scaling/rescaling as the baseline. These results are shown in Figure 1 and Figure 2. In all cases, the PUCCH BER performance difference between no-scaling and one- and two-symbol scaling by ½ w/ eNB rescaling is insignificant, being less 0.1 dB.

Fixed PUSCH scaling w/eNB rescaling results

We measured PUSCH throughput in FRC-like conditions for one-symbol and two-symbol fixed scaling w/eNB rescaling, and no scaling/rescaling as the baseline. The results are shown graphically in Figure 4. From that data, the margins with respect to 70% throughput were obtained, and those results are shown in Table 2.

Note that in both Tables 1 and 2, entries labelled in green and blue respectively should be the same. The difference of 0.1dB is attributable to measurement error.

Table 2 Throughput margins [dB] for fixed PUSCH scaling w/ eNB rescaling
	Nominal PUSCH Scaling
	One-Symbol Scaling
	Two Symbol Scaling

	
	QPSK
	16-QAM
	64-QAM
	QPSK
	16-QAM
	64-QAM

	1 (No Scaling)
	1.7
	2.3
	2.6
	1.8
	2.4
	2.6

	1/2
	1.5
	2.0
	2.3
	1.5
	1.8
	1.8


4
Discussion
4.1
Performance aspects
For PUCCH, we have shown that the performance loss for fixed scaling, i.e., the difference in margin between scaling and no scaling, is insignificant. Thus, PUCCH may be scaled by ½ and rescaled at the eNB with no discernable effect on PUCCH performance.

For PUSCH, for fixed scaling w/eNB rescaling, Table 2 shows that for one-symbol fixed scaling w/ eNB rescaling (by ½ and 2, respectively), the margin loss for PUSCH is 0.2‑0.3 dB; for two-symbols, the loss in margin is 0.3‑0.8 dB.
For PUSCH, for variable scaling w/o eNB rescaling, Table 1 shows for the lower scale factors (required when PPUCCH and PPUSCH approach PCMAX), the margin loss can be as much as 2.7 dB, and also that at those power levels, for 16-QAM and 64-QAM, there is zero or negative margin.
We also note that for PUSCH variable scaling w/o eNB rescaling, for the case of PPUCCH = PCMAX, PUSCH throughput is zero, which is attributable to the overlapping symbol of PUSCH being transmitted at zero power, resulting in BLER=1. While under R10 rules we expect PPUCCH = PCMAX to cause non-transmission of PUSCH in the same subframe, in this case, in effect we get the same outcome for PUSCH because PPUCCH = PCMAX in an adjacent subframe.

We think that this effect is unintended and very much undesirable.
While this effect would not necessarily happen if only a fraction of the symbol were scaled, it is a consequence of scaling the entire symbol, which according to the received RAN4 LS response is preferred.
Both methods, fixed scaling of PUCCH and PUSCH w/eNB rescaling and variable PUSCH-only scaling w/o eNB rescaling, will prevent the UE from exceeding PCMAX in the overlap.

We have shown that fixed scaling of PUCCH and PUSCH w/ eNB rescaling has relatively small losses under all power circumstances. However, variable PUSCH-only scaling w/o eNB rescaling has large losses under certain UE power situations, and this specifically when PPUCCH and PPUSCH are near PCMAX, even though for variable scaling the amount of scaling is chosen tailored for the UE power situation of the moment.
We recognize that the losses for fixed scaling would be incurred consistently whether or not PCMAX would be exceeded in the overlap, whereas the larger losses for variable scaling would be incurred only if PCMAX would be exceeded in the overlap

We deem that the tradeoff of the smaller consistent losses over the larger ones is preferable.

Application of fixed scaling of PUCCH and PUSCH at the UE is simple. Application of rescaling for PUCCH and PUSCH at the eNB is also simple, requiring only a scaling operation for one symbol duration, e.g., at the receiver front end.
4.2
Specification impacts
As the intent of fixed scaling at the UE is that the eNB rescales, the specification of fixed scaling would have to be explicit regarding amount and conditions (i.e., conditions known to the eNB), not simply stating the requirement that the UE shall not exceed PCMAX during the overlap.

Because the margin loss for variable scaling for QPSK is small, fixed scaling should be specified only when there is a 16-QAM or 64-QAM transmission in subframe N, i.e., not when there is only QPSK transmission.
Fixed scaling could be applied to the first symbol in subframe N only when there is a transmission in another TAG in subframe N-1, and apply to the last symbol in subframe N only when there is a transmission in another TAG in subframe N+1, i.e., do not apply fixed scaling to the first and/or last symbol when there is no transmission in the adjacent subframe that possibly could overlap the start or end of subframe N.

Applying, or not applying, fixed scaling should allow for shortened PUCCH and/or PUSCH, or that SRS may be present, all of which is known to the eNB, or that scheduled SRS is not transmitted due to power limitation in the overlap, which is not known to the NB.
An example for text that would capture the spirit of above conclusions in the specifications is as follows,
When there are two or more TAGs, the UE shall not exceed PCMAX during any overlap between TAGs. When there is a 16-QAM or 64-QAM transmission in any cell in subframe N, and if in a different TAG there was a PUCCH and/or PUSCH transmitted in the last symbol in subframe N-1, the UE shall scale the power of that first symbol of all channels transmitted in subframe N by ½, and if there is a 16-QAM or 64-QAM transmission in any cell in the last symbol in subframe N and in a different TAG there will be transmission in the first symbol in subframe N+1, the UE shall scale the power of that last symbol of PUCCH and/or PUSCH transmitted in subframe N by ½.

Although we feel that it is insignificant, if so desired the small PUCCH fixed-scaling loss can be offset by slightly increasing PPUCCH whenever the scaling applied, reflecting the intended higher priority of PUCCH. This can be accomplished by adding a small factor to the computation of PPUCCH.

The fixed scaling factor(s) could be specified as either the nominal scale factor, e.g., ½, or as the scale factor formulas (or their values) that maintain average transmit power, as shown in Appendix 1.

5
Conclusion
Based on the evaluation results under FRC like conditions, we show that either variant (one-symbol and two-symbol) of fixed PUCCH&PUSCH scaling w/ eNB rescaling, with their smaller and consistent margin losses, is preferable to variable PUSCH scaling w/o eNB rescaling for R11 operation in presence of multiple TA.

Even though the amount of variable scaling could be chosen as a function of the instantaneously available UE transmit power, the variable PUSCH scaling approach results in potentially much larger and dramatic margin losses for certain UE power situations, i.e. when PPUCCH is close to PCMAX. This even results in causing PUSCH BLER = 1 in a given subframe because of presence of PUCCH in an adjacent subframe. We think that this effect is unintended and very much undesirable.
Regarding the two variants (one-symbol and two-symbol) of fixed PUCCH and PUSCH scaling w/ eNB rescaling, our results (Table 2) indicate that scaling one symbol per subframe yields better margin than does scaling two symbols, especially for 64QAM, which is the intuitively expected result. However, the one-symbol method requires timing information in the eNB, specifically the knowledge of which CCs are relatively more and less timing advanced at the UE.

In summary, we consider that fixed two-symbol scaling is preferable to fixed one-symbol scaling, and that either of those variants of fixed PUCCH&PUSCH scaling w/ eNB rescaling are preferable to variable scaling of PUSCH-only w/o eNB rescaling.
Proposal 1a
When there are multiple TAGS, the UE should apply fixed two-symbol scaling to all channels.
Based on our evaluation results, when there is scheduled SRS transmission, the existing RAN1 agreements preclude the possibility of exceeding PCMAX in the overlap. Therefore, fixed scaling need not be applied in such cases. We have also shown that when there is only QPSK transmission, fixed scaling need not necessarily be used by the UE., as variable scaling w/o eNB rescaling, or no scaling if not actually needed, may be used.

Proposal 1b:

When multiple TAG’s are configured and 16-QAM (or 64-QAM) MCS’s are scheduled, and there is a possible overlap between PUCCH and PUSCH or PUSCH and PUSCH in adjacent subframes, the UE should apply fixed two-symbol scaling to all channels.
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Appendix 1

Table 3 PUSCH Simulation Assumptions

	Parameter
	Value

	System Bandwidth
	10 MHz

	Antenna configuration
	1x2

	PUSCH resource allocation
	50 PRB

	CP
	Normal, 
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	PUCCH: Number of A/N bits
	11

	Test Mode
	FRC

	PUSCH Modulations scheme
	QPSK, 16QAM, 64QAM

	PUSCH TBS
	QPSK: 5160. 16QAM: 21384. 64QAM: 36696

	Channel model
	EPA low correlation

	Velocity
	3 km/h

	Channel estimation
	PUSCH: Ideal. PUCCH: MRC

	Receiver
	MMSE

	Noise estimation
	Ideal

	Nominal PUCCH power scale factors
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	Nominal PUSCH power scale factors
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	One-symbol power scale factors (nominally scaled, nominally not-scaled symbols) to maintain average power
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	Two-symbol power scale factors (nominally scaled, nominally not-scaled symbols) to maintain average power
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Appendix 2
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Figure 1 PUCCH BER, PUCCH Scaling w/ eNB Rescaling, One (First, Last) and Two (First & Last) Symbol Scaling, UE Scale Factor=1/2, eNB Scale Factor=2
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Figure 2 PUCCH BER, PUCCH Scaling w/eNB Rescaling, One (First, Last) and Two (First & Last) Symbol Scaling, UE Scale factor=1/2, eNB Scale Factor=2, Zoomed Around BER=0.001
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Figure 3 PUSCH Throughput (bps), PUSCH Scaling w/o eNB Rescaling, One Symbol Scaling, Various UE Scale Factors
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Appendix 3

For variable scaling of PUSCH w/o eNB rescaling, such that the sum of PPUCCH and PPUSCH does not exceed PCMAX, PUSCH must be scaled by a power scaling factor, which we denote as SPUSCH, which is determined as:
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In Table 4 are the required PUSCH scale factors SPUSCH for various combinations of PPUCCH and PPUSCH. Figure 5 shows isolines for several PUSCH scale factors, SPUSCH. We see in Table 4 and Figure 5 that when PPUCCH and PPUSCH are within around 1 dB of PCMAX, the required scaling is around 0.2‑0.25, close to the 1/6 and 1/4 values shown in Table 1. When PPUCCH and PPUSCH are each more than 3 dB below PCMAX, no variable PUSCH scaling is needed (equivalent to scaling by unity), as their sum would not exceed PCMAX.

In Table 4 and and Figure 5, PPUCCH and PPUSCH could be replaced with, respectively, PPUSCH w/UCI and PPUSCH w/o UCI.
	Table 4 PUSCH Power Scale Factors, SPUSCH, for Various PPUCCH and PPUSCH
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Figure 5 UE Power Situations Requiring Various PUSCH Scale Factors SPUSCH
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Figure � SEQ Figure \* ARABIC �4� PUSCH Throughput (bps), PUSCH Scaling w/ eNB Rescaling, One & Two Symbol Scaling, UE Scale Factor=1;/2, eNB Scale Factor=2
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