Page 1

3GPP TSG-RAN WG1 #63 
R1-106346
November 15-19, 2010
Jacksonville, USA
Agenda item:
6.2.2
Source: 
Qualcomm Incorporated
Title: 
Power control for multi-antenna transmission
Document for:
Discussion and Decision
1
Introduction
In Rel-10 LTE-A, UL MIMO will be introduced [2].  This necessitates decisions on a number of aspects of the power control formulation, such as point of applicability of the power control equation, e.g. power control per codeword, per layer, per antenna or per total transmission. In this contribution we discuss the need for per antenna power compensation. 
2
Purpose of power control
In general, the power control in LTE-A, just as in LTE, should be primarily targeted at counteracting slow fade, shadowing changes and act as an enabler of ICIC, as opposed to inverting short term fade.  This is because intra-cell users are orthogonalized (setting aside MU-MIMO) therefore power fluctuations have only inter-cell impact. 
Proposal 1: Target power control for slow fade (includes shadowing, potentially uncalibrated PA imbalance, etc.)
2.1
Sources of power imbalance

Tx Antenna Gain Imbalance (AGI) at the UE is often quoted as the source of long term receive power imbalance at the eNB.  AGI is certainly a factor but there are other equally or more significant sources of imbalance as well, listed below. 

1. UE Tx power calibration errors:  At low power levels, the circuitry to measure actual UE output power is ineffective, therefore the UE doesn’t actually know its output power accurately. This in itself can create imbalance even without any AGI.  Clearly, such errors should be compensated for by eNB feedback if possible.

2. Shadowing, path loss:  The different UE antennas may experience different body losses, for example.  It is not clear whether these differences should be compensated for. Some examples will be given.  

The reference points for the different imbalance sources are illustrated in Figure 1 below. 
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Figure 1  Illustration of antenna imbalance sources

2.1.1
UE power calibration errors
At low power levels, the circuitry to measure actual output power is ineffective, therefore the UE doesn’t actually know the output power accurately.  The allowed UE power setting errors are given in Table 1, based on [1]. 

	PCMAX             (dBm)
	Tolerance T(PCMAX)   (dB)

	21 ≤ PCMAX ≤ 23
	2.0

	20 ≤ PCMAX < 21
	2.5

	19 ≤ PCMAX < 20
	3.5

	18 ≤ PCMAX < 19
	4.0

	13 ≤ PCMAX < 18
	5.0

	8 ≤ PCMAX < 13
	6.0

	-40 ≤ PCMAX < 8
	7.0


Table 1  Pcmax tolerance [1]

Note that in the medium to low power regime, the UE power setting error can be quite large, ±14dB between the conducted powers on two Tx chains is possible.  

Note also that the tolerances given in Table 1 are for UE max power and are not directly applicable to the UE power setting; however, they can be viewed a good indication of the expected UE absolute power setting tolerance. 

Although the allowed (and expected) power setting errors can be quite large, it is possible that the errors are typically symmetric across two Tx chains if matched components are used.  Potentially, RAN4 could be asked to give an estimate of expected relative power setting tolerances and whether RAN4 plans to have a requirement for this. 

In expected relative power setting errors are large, there is a definite use case for over-the-air relative power compensation.  Unlike AGI compensation, there is no battery life cost of doing this aside form the signalling overhead.  

It should be also considered however, that power setting errors may not be constant across the power range, which makes compensation less useful if the UL RB allocation size and therefore the UE Tx power widely varies.  
2.2 Power control efficiency evaluation

2.2.1
UE power efficiency metric
In an ideal case, the average received power at the eNB from the MIMO antennas from a UE should be the same.  In this case, the Rel-8 power control formulation would be more or less applicable and not much would need to be done.  There are a number of reasons why the equal power assumption may not apply, which will be discussed later, but first we discuss how the negative impact of gain imbalance or shadowing imbalance should be evaluated. 
Power control should be based on a trade-off between efficiently utilizing UE battery power and efficiently using E-UTRAN resources while maximizing link throughput.  These two aspects could be defined as follows: 

1. METRIC A)  Link efficiency vs. UE battery power comparison:  With the assumption of battery consumption being proportional to Pout  (which is not true in general), the appropriate metric would be to evaluate link performance of different power control schemes under the constraint of constant long term conducted power sum across antennas.  Intuitively, under this condition, the best schemes would be channel gain weighted Pout allocation for Rank 1 (and for layers mapped to multiple antennas, e.g. Rank 2 with 4Tx) and water filling for Rank > 1. 

2. METRIC B)
Link efficiency vs. generated total interference comparison:
With the assumption that battery assumption is not a factor (for example, because in low power regimes the PA power is insignificant compared to the power consumption of other UE blocks), the appropriate metric would be to evaluate link performance of different power control schemes under the constraint that the long term radiated power sum across antenna is the same.  Intuitively, under this condition, complete inversion of power imbalance and inversion of shadowing would lead to the best results since the assumption is equivalent to removing power imbalance at no cost (except for signalling overhead)   

The test points for the two different evaluation methodologies are illustrated in Figure 2 below.
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Figure 2  Test points for Conducted Power (Metric A) and Radiated Power (Metric B)
As mentioned in the above, it appears that the power control trade-offs might be different in different Pout regimes.  This will be discussed further below. 

2.2.2 Power control efficiency in different power regimes
When the UE operates in low power regime, the Tx chain power consumption is not dominating the UE power use, therefore does not determine battery life.  As a simple categorization, we could say the following: 

· For Pout < 0dBm, the PA power consumption is insignificant and dominated by quiescent current, i.e. does not dependent on Pout

· For 0dBm ≤ Pout < 10dBm, the PA power consumption depends on Pout but is only a moderately significant factor in total power consumption

· For Pout ≥ 10dBm, the PA is a very significant contributor to total power consumption and the PA power strongly depends on Pout (proportional to 
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P

).
The above categorization is illustrated in Figure 3 as a typical multi-stage PA current vs. Pout graph. 
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Figure 3  PA current vs. conducted Pout
With these observations, we argue that for a better evaluation, we need to assume the following: 
1. For Pout ≥ 10dBm, use METRIC A) 

Link efficiency vs. UE battery power comparison

2. For Pout < 10dBm, use METRIC B)

Link efficiency vs. generated total interference comparison

2.2.3
Evaluation of power control efficiency
We have evaluated power control with per antenna power imbalance compensation and without with assume 0dB, 3dB and 6dB Tx chain imbalance.  The evaluation was based on a throughput vs. SNR comparison, where the ‘signal’ component of the SNR was based on considering the conducted power with Metric A) and radiated power with Metric B

The power control efficiency comparison is given in Figures 4 and 5 for Metric A) and Metric B), respectively. Rank 2 transmission was assumed in both cases.  The evaluation was performed with assuming uncorrelated Rayleigh fading. 
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Figure 4  Link Capacity vs. Conducted power SNR (metric A) applicable to high power regime
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Figure5
Link Capacity vs. Conducted power SNR (metric B) applicable to medium and low power regime

As it can be seen form Figures 4 and 5, the conclusions are different in the different metric assumptions.  At high power, under Metric A), power imbalance and AGI should not be compensated for.  With Tx chain compensation, there is an up to 1dB loss at high SNR with 6dB power imbalance.  At low power, under Metric B), Tx chain imbalance should be compensated for.  With Tx chain compensation, there is an up to 1dB gain.  

Considering the above, our proposal is the following: 

Proposal 2:  Add capability of over the air Tx chain compensation.  This is achieved by power offset commands set by the eNB to the UE.  The offset is interpreted as ‘static’ power offset between conducted Tx power to be applied on top of the regular (i.e. per codeword or total across antennas) power control.  The Tx power compensation can be made at a significantly lower rate than regular power control and an implicit action time of applying the compensation is not be needed.  

Proposal 3:  Due to the negative impact of Tx chain compensation on battery life, there can be a sliding scale or step function defined for the compensation range.  For example, the UE can limit the compensation as
· 0dB if    23dBm > Pout ≥ 20dBm
· 2dB if 
20dBm > Pout ≥ 15dBm
· 3dB if 
15dBm > Pout ≥ 10dBm
· 6dB if 
10dBm > Pout 
3
Conclusion

In this contribution, we looked at various aspects of the UL power control in the case of multi-antenna transmissions. 

We made the following proposals:  

Proposal:  Add capability of over the air Tx chain compensation.  This is achieved by power offset commands set by the eNB to the UE.  The offset is interpreted as a ‘static’ power offset between conducted Tx power to be applied on top of the regular (i.e. per codeword or total across antennas) power control.  The Tx power compensation can be made at a significantly lower rate than regular power control and an implicit action time of applying the compensation is not be needed.  
Proposal:  Due to the negative impact of Tx chain compensation on battery life, there can be a sliding scale or step function defined for the compensation range.  For example, the UE can limit the compensation as

· 0dB if    23dBm > Pout ≥ 20dBm
· 2dB if 
20dBm > Pout ≥ 15dBm
· 3dB if 
15dBm > Pout ≥ 10dBm
· 6dB if 
10dBm > Pout 
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