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1. Introduction

The topic of UE PA(Power Amplifier) architecture was discussed in the RAN1#57bis MIMO Ad-hoc session and an LS was sent to RAN4 based on the discussion [1][2].

The following is the agreed conclusion in RAN1 #57bis.

Conclusion

· Identified architectures for 2TX

· 2x23dBm

· 23dBm + 20dBm

· 2x20dBm
· Study consequence of each architecture.

· Is antenna/PA configuration transparent to L1 specification?

· For 2TX, should 2x20dBm be assumed as baseline for designing air interface? 

RAN1 has concluded that there can be three possible PA architectures.

The remaining discussion point is whether the UE antenna/PA configuration is transparent to L1 specification or not.

In this contribution, we will show how the differences in PA architectures affect the specifications.

We will show that at least one 23dBm PA is necessary for some UE’s.

However, the Two 20dBm PA architecture should also be allowed, since the PA architecture should be chosen by operators or UE manufactures depending on their needs and implementation preferences, e.g. power consumption, cost, etc.

We also address some issues raised during the RAN1#57bis discussions.

2. How the RAN1 UE-PA architectures affect the L1 specification

Two cases can be identified as following.

Case 1: UE antenna/PA configuration is transparent to L1 specification
Some companies proposed that we can make the UE antenna/PA configuration transparent to L1 specifications, if the Two-20dBm PA architecture becomes the baseline in the L1 specifications [3][4].

One of the concerns with this proposal is whether the One-PA transmission will be allowed or not, under the specification which would be based on the Two-20dBm PA architecture.

The One-PA transmission mode which only uses one PA physically may be needed to achieve low power consumption and for antenna design implementations on the UE side [5][6]

However, if we assume that the chosen antenna/PA configuration is transparent to L1 specifications and the One PA transmission is specified as one of the transmission modes, the maximum transmission power of the One PA transmission might be limited to 20dBm and might not meet Pmax value when only one PA is used.

The above discussion defines the need that something has to be specified in order to support the One PA transmission mode option.  In other words, the UE antenna/PA configuration is NOT transparent to L1 specifications if the One PA transmission mode is supported.

Case 2: UE antenna/PA configuration is NOT transparent to L1 specification
If we assume that the UE antenna/PA configuration is NOT transparent to L1 specifications and the One PA transmission is specified as one of the transmission modes, the One PA transmission mode may be specified as an optional mode for the UEs supporting a 23dBm PA.

However, it is FFS whether the SU-MIMO precoding baseline should include a 23dBm PA or not, since its impact is smaller than the One PA transmission or transmission diversity case.

3. Issues in the case that the UE does NOT support a “One PA transmission mode”

In this section, we discusss why the One PA transmission mode is needed for LTE-Advanced UE.

At least to support backward compatibility with release 8, a Release 10 UE has to support the “Release 8 mode”.

One reason is that power consumption can be reduced by turning one PA off in the “Release 8 mode” (this was discussed in RAN1#57bis [5]).

Other reasons are that the LTE Release 8 mode which uses two transmit antenna[3][4] may have severe problems, e.g. performance degradation under a large AGI environment, and unnecessary UE antenna design constraints which may cause performance degradation in both the Release 10 and Release 8 modes.

3.1. Performance difference between TWO antenna transmission and ONE antenna transmission with AGI (Antenna gain imbalance)

In this section, we show the performance of the Two antenna transmission under Architecture a), b) or c) and the One antenna transmission under Architecture b) or c).

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, the performance of the Two antenna transmission (small delay CDD) and the One antenna transmission is almost identical.  However, as the AGI increases, the performance of the Two antenna transmissions will decrease. This tendency will not only negatively impact the validity of the Two antenna transmission in some very typical use cases, but will actually be detrimental as compared to a One 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 achievable. 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 head or hand, resulting in a large AGI (see Fig 2a below).  In general, it is difficult to simultaneously achieve both, small AGI and low antenna correlation, given the design constraints of the UE.

Relationship 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 achieved 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. Alternatively, 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 modes as shown in Fig. 2.  Thus, the value of AGI may be different depending not only on the UE type, e.g laptop PC type or handset type, but also in the same UE, depending on which mode device is being used. 
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(a) Portrait mode                                               (b) Landscape mode  

Fig 2: Portrait mode and Landscape mode

3.2. The impact of supporting TWO antenna transmission only
One of the problems which is caused by supporting TWO antennas transmission only, is that power consumption will be increased compared to the one PA mode  as discussed in RAN1#57bis [5].

Another problem is the performance degradation in the case that large penetration loss is caused by the user’s head.

It might be effective for avoiding Large AGI to put both antennas on the bottom edge of the UE, since bottom edge is the farthest location from head as shown in Fig 2(a). However, doing so will reduce the flexibility of antenna location, thus it may also lead to the following drawback points when the two antenna transmission mode, e.g. PVS or small delay CDD, will be used instead of the One PA transmission mode.

· To avoid “Null point” of created beam by two antennas, “Frequency domain scheduling” on eNB scheduler may be required in some two antenna transmission schemes.

· To avoid large AGI, both antennas have to be placed close to each other, e.g. the bottom edge of the UE, as in Figure 2(a). This means that two antennas will have a large correlation, and performance in the UL SU-MIMO mode will become worse.

· Large antenna correlation also makes some two antenna transmission schemes’ performance worse.

· Antenna coupling problem should be taken into account if both antennas are put close together. 

Therefore, we believe that there will be issues if a small AGI is targeted in some UE configurations.  In other words, it would be more reasonable and effective to specify the One PA transmission mode than to identify the antenna location which can satisfy both small AGI and low antenna correlation, at least in some UE configurations.

On the other hand, CDD or other two antenna transmission schemes can be good candidates when there is no large AGI. 

4. Conclusions

In this contribution, we showed how the differences of PA architectures affect the L1 specifications.

If only the Two 20dBm PA architecture is specified, this may not allow one PA transmission since the total transmission power may not meet the Pmax value.

In section 3, we showed the necessity of the One PA transmission.

From the above discussions, we believe at least the One 23dBm PA mode is necessary for some UE configurations, e.g Handset type UEs etc and that the antenna/PA configuration is NOT transparent to L1 specifications. In addition, the Two 20dBm PA architecture should also be supported since the appropriate PA architecture should be chosen by the operator and/or UE manufacture depending on their needs, e.g. power consumption, cost etc.

Thus, we believe the different PA architectures have to be taken into account in the transmission mode discussion, e.g. the One PA or transmission diversity discussion. On the other hand, it is FFS whether the SU-MIMO precoding baseline should include the 23dBm PA or not, since its impact is smaller than the One PA transmission or transmission diversity cases.
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Annex[7]

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

	CDD delay
	2 IFFT samples

	The number of FFT/IFFT points
	2048


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.

· s2 is the cyclic delayed signal of s1 in 2TX2RX case.

· 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 [7].

Nc stands for the number of subcarriers and Nmin stands for the number of layer in the following equation.
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In the above equation, we assumed that
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