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1. Introduction

RAN1 is considering the specification of UL MIMO in order to realize the higher uplink peak throughput required for LTE-A.

The implementation of UL MIMO in LTE-A will affect the architecture and physical aspects of both the eNB and UE. Support for UL MIMO will effect the design and implementation of multiple RF Chains (PAs) and their associated antenna placements, as well as an increased demand on battery resources.

This contribution, presents some details regarding the uses of multiple PAs for LTE-Advanced; in particular we demonstrate the benefits of allowing a UE to be configured to use only one of the two PAs available.
2. Background
2.1. AGI (Antenna gain imbalance)
In order to meet the capacity requirements for IMT-Advanced, RAN1 is specifying functionality related to UL SU-MIMO.
As shown in Fig.1, if the antenna gain imbalance (AGI) remains near zero, where AGI is defined as the difference in antenna gain between two antennas, there is a significant increase in the mean channel capacity.  However, as AGI increases, the benefit of UL multiple antenna transmissions will steadily decrease. When AGI increases to 6dB or more, the gain obtained by using two transmit antennas will be significantly reduced and the performance benefit is observed only in the high SINR regime. This tendency will not only negatively impact the benefits of UL multiple antenna transmission in some very typical use cases, but will actually be harmful as compared to a UL single antenna transmission in terms of the performance. 
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Fig.1: EsN0 vs mean capacity under different AGI
Because of practical constraints of handset design such as form factors, user interface etc., the optimal location and orientation of antennas is usually not feasible. For example, in a UL multiple antenna system it is desirable to minimize channel correlation by placing the antennas at the extreme ends of the handset in order to achieve maximal distance between them. However, locating an antenna at one end of the handset may cause it to be covered by the user’s hand, resulting in a large AGI (see Fig 2a below).  In general, it is difficult to achieve both small AGI and low antenna correlation at the same time given the design constraints of the UE.

Relation between AGI and UE type
A large variation in AGI can be expected in relation to the UE’s form factor. As noted above, the physical constraints of a handheld device can result in high AGI values. On the other hand, a small AGI might be observed when the UE functionality is incorporated into a physically larger device such as laptop computer.
An example of the difficulty regarding the optimal placement of multiple antennas on a handset is described in Fig. 2 below. In this example a smartphone user may cover the top and back of the handset with their hand while making a voice call. Alternately, the user may use two hands while using the data services. Thus we expect to observe a significant variation in AGI that is not only dependent on the UE type (e.g. Laptop or Handset) but also on how the device is used. 
As an example of the handset issue, some smartphones support two or more different mode as shown in Fig. 2.  Thus, the value of AGI may be different depend on the UE type, e.g laptop PC type or handset type. Moreover, the different AGI values may be expected even in the same types of UE, depending on how device is used. 
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(a) Portrait mode                                               (b) Landscape mode  

Fig 2: Portrait mode and Landscape mode
2.2. Longer battery life

Battery life is a critical issue for a UE. It is expected, all other things being equal, that an LTE-A UE will consume more power for as compared to LTE Release 8 UE, primarily due to increased data transfer rate.  Because of the expected increase in power consumption for LTE-A UE, UE manufacturer’s desire that the issue of power consumption and its effect on battery life should be taken into account during LTE-A study and specification phases. 
Table 1 shows typical examples of total current consumption for a UE, including transmission and reception circuits. In this table, the Maximum Transmission Power represents the total current consumption for a configuration that is transmitting at 25dBm. The urban and suburban scenarios show the average total current consumption under each distribution pattern of total transmission power which is shown in Annex B.  These total current consumption values were calculated under the assumption that the total transmission power remains the same for both the 1PA and 2PA cases.

Table 1: Examples of total current consumption in 1PA and 2PA UEs

	
	Total current consumption (1PA)
	Total current consumption (2PA)

	MAX. Transmission Power
	515mA (73% for PA)
	895mA (85% for PAs)

	Urban scenario
	161.6mA (16% for PA)
	181.4mA (25.5% for PAs)

	Suburban scenario
	186.2mA (27% for PA)
	217.2mA (38% for PAs)


Table 1 shows that using two PAs (i.e. observing the 2PA column) consumes more current to produce the same 25dBm of transmission power. Therefore, it is obvious that using 1PA instead of 2PA, reduces total current consumption up to 57% in the Maximum transmission power case. Even in the common usage case, such as Urban scenario or Suburban scenario, we can reduce total current consumption by up to 11% if the total transmission power is kept the same.  
As shown in section 2.1, the performance benefit of using two PAs will be different among different UE type. Thus, the one PA mode may provide different levels of benefit, depending on the UE’s form factor.
Therefore, we should prioritize battery life and performance differently for each UE. In addition to AGI, other information, e.g. battery status, etc, might be taken into account for the above prioritization.
3. Examples of solutions for realizing a one PA mode

Based on the above discussion, we discuss different alternatives and discuss the pros and cons for each.
Alternative 1. Antenna selection
Antenna selection has been supported in LTE Release 8[1]. 
In this mode, only one PA may be used and the other PA may be turned off so total power consumption may be reduced.
An antenna switching device may be inserted between PA and antennas to achieve this mode.

Pros

· We can reuse LTE Rel.8 antenna selection.

· We can turn the 2nd PA off, so the total current consumption is quite similar to the single PA case.
· Diversity gain is expected by selecting antennas
Cons

· Antenna switch may be inserted between PA and antennas so antenna switch may cause connection loss, which requires a larger PA capacity. In other words, total current consumption will be increased.
· The leaked signal from antenna switch to the other antenna may cause performance degradation in MIMO/TxD mode.
Alternative 2. One antenna mode

In this mode, eNB may select one fixed antenna for UL transmission. 

This is similar to LTE release 8 UL transmission so there is no problem from the circuit point of view since all LTE-Advanced UE have to support LTE UL mode to maintain backward compatibility.

Pros

· We can reuse LTE Rel.8 UL.

· We can turn the PA off so the total current consumption is quite similar to one PA case.
Cons
· There is no diversity gain in a single antenna configuration even if UE support multiple PA/antennas.
Alternative 3. LTE Rel.8 mode
In this mode, eNB may ask UE to transit to LTE Rel.8 mode. This mode is the same as LTE Rel.8 UL transmission so there is no problem from the circuit point view since all LTE-A UE’s have to support LTE Rel.8 UL mode to keep backward compatibility.
Pros

· We can reuse LTE rel.8 UL transmission schemes.
Cons

· DL also required to transit to LTE Rel.8 mode.
· Bandwidth aggregation functionality of LTE-A cannot be used.

· Clustered DFT-S-OFDM cannot be used so small frequency domain scheduling gain will be expected.

· Diversity gain cannot be expected.

· Transition may be more complicated than other solutions since it is similar to interRAT handover.
4. Conclusions

In Section 2, we showed that the gain provided by using two transmit antennas will be reduced significantly in the presence of high AGI. We show that the benefits of applying UL multiple antenna transmission is reduced in common use cases. Moreover, the single PA mode may provide benefits in some cases where extending battery life is of a higher priority  compared to increasing data throughput.
We propose:
· The mode using only one PA should be studied even if UE supports multiple PAs.

· Detail method of using one PA is FFS. It is also FFS either of eNB or UE decides transition to one PA mode.
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Annex A[2][3]
Table A1 shows the simulation parameters which were used for the mean capacity calculation shown in Fig.1.
Table A1: Simulation Parameters
	Parameters
	Assumption/Values

	Channel model
	Typical Urban (TU6)

	Channel Estimation
	Perfect

	UE transmitter
	2 antennas or 1 antenna

	eNB Receiver
	2 antennas

	UE Bandwidth
	5MHz

	AGI (Antenna Gain Imbalance)
	0/6/10 dB


In the simulation shown in Fig.1, we assumed the reception signal is expressed as the following equation.
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In the above equation, we assumed; 
· “p1=p2=1” and “p1=1, p2=0” in 2TX2RX and 1TX2RX cases respectively.

· stands for “Antenna gain imbalance”.
· n stands for the zero-mean complex additive white Gaussian noise with a power density of N0.
Then, mean channel capacity shown in Fig.1 was calculated according to the following equation [3].
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In the above equation, we assumed that
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Annex B[4]
[image: image7.emf]
Fig.B1: Total current vs. output power

[image: image8.emf]
Fig.B2: Power distribution function

From above two figures, the average current in table 1 was calculated.

Figure 1 shows the relation between Pout and Current and Figure 2 shows the PDF　(Probability Density Function) of PA out in Urban scenario and Suburban scenario.

From these values, the average current was calculated according to the following equation. 
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In the different scenarios, i.e. urban scenario and suburban scenario, different PDF curves in Fig. B2 were used to calculate “Average current”. 

These figures are cited from PAs data sheet in reference [4]

In the above calculation, we assumed the current consumption except PA would be 135mA in each case.
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