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1   Introduction
In the LS from RAN 4 [1], some observations/comments were made regarding antenna selection (AS) as follows:
“There was consensus in RAN WG4 that the antenna selection has an impact on the power amplifier complexity in the BS and the performance benefits would be negligible. RAN WG4 also acknowledged that based on the working assumptions made by RAN WG1 these features could be activated/deactivated by higher layer signalling. Nevertheless these would still require an effort in performance verification and interoperability testing.”
Unfortunately, the simulation result reviewed by RAN4, as reported in [3], was based on the link level simulation for the case of 64-QAM, R-3/4 MCS class only. 
In our previous contribution [2], some results were presented related to performance evaluation for antenna selection. In response to the comments in [1] regarding antenna selection, some further simulations are illustrated in the current contribution. From our simulation results, we noticed that antenna selection does provide performance benefits in all scenarios. It should be emphasized that in some scenarios its performance benefit is quite large and should not be neglected. In fact, similar observations were made on benefits of different codewords in different scenarios when this 2-tx codebook was originally proposed in [5]. Some analysis and discussion are also included in this contribution to address different issues related to antenna selection. In conclusion, we feel that there is benefit in keeping antenna selection for 2-tx system in LTE
2   The cases where AS is needed
It is understood that constant modulus (CM) based beam-forming vectors are more efficient for correlated antennas while AS is most beneficial in the cases of imbalanced antennas. One example of such imbalanced antenna case is polarized antenna configuration, which is often used for MIMO transmission. However, it cannot be guaranteed that each UE is equipped with polarized receive antennas and can see both polarizations, as illustrated in Figure 1. When this is the case, transmitting with beam-forming vectors will have little benefit because the two transmit antennas are basically uncorrelated; in addition, since UE can only see one dominant polarized signal, transmitting signal from the other polarized antennas cannot bring much benefit to the UE performance; even worse, this transmission also generates much unnecessary interferences to the neighboring cells, which will in turn degrade the perform of the whole cellular system.
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Figure 1: Cross-polarized eNB vs. single polarization UE
Some other situations where imbalanced transmission situation can occur include, for example, distributed antennas, one antenna malfunction, and transmit antenna gain imbalance.
With the current 2x2 rank-1 codebook [4], for each subband, the UE selects one of the following precoding vectors, and reports it to node B:
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If the antenna selection entries are removed from the codebook, the new 4-entry codebook is [3]

:
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In the following section, simulation results are presented to compare the performance between the current 6- codewords codebook with the 4-codewords codebook after antenna selection entries are removed.
3 Simulation Parameters

The following parameters are used to simulate the performance of these schemes:
· Channel bandwidth = 10 MHz

· Number of total sub-carriers = 601 (including DC)
· Sub-frame size = 2 slot  = 1 msec = 14 OFDM symbols

· FFT size = 1024

· Sampling frequency = 15.36 MHz
· Carrier frequency: 2.0 GHz
· Channel model: 
· Uncorrelated TU channel, 3 km/h

· Uncorrelated PA channel, 3 km/h

· Rician Channel (TU+LoS), 3 km/h, K=10 with antenna configuration in Table 1.
· Cyclic Prefix: 72 samples

· Data Channel assignment:

· All subcarries in 10 adjacent RBs ( 1 RB includes 12 adjacent sub-carriers at 14 OFDM symbols excluding the RS)

· Frequency granularity 5 RB

· Channel Coding: Turbo code of rate 1/3, 1/2, 2/3
· Modulation: QPSK and 16-QAM
· Number of antennas: 2 at nodeB and 2 at UE
· MIMO schemes: Closed Loop with three precoding matrices and Open Loop BLAST
· Channel Estimation:  Ideal Channel

· Criteria for Choosing the precoding matrices [3]
· Feedback Delay: 3msec 
· Feedback update: every 1 msec

4 Numerical Results
Simulation results for TU 3 km/h channel are depicted in Fig. 2 and Fig. 3 for QPSK and 16 QAM, constellations, respectively. As shown in these figures, removing the antenna selection entries from the codebook results in 0.15-0.3 dB performance degradation for different spectral efficiencies, at 1% BLER.
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Figure 2: Performance of 4-entry and 6-entry codebooks in TU 3 km/h channel, QPSK.
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Figure 3: Performance of 4-entry and 6-entry codebooks in TU 3 km/h channel, 16-QAM.

Simulation results for PA 3 km/h channel are depicted in Fig. 4 and Fig. 5 for QPSK and 16 QAM constellations, respectively. As shown in these figures, removing the antenna selection entries from the codebook results in 0.25-0.45 dB performance degradation for different spectral efficiencies, at 1% BLER.
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Figure 4: Performance of 4-entry and 6-entry codebooks in PA 3 km/h channel, QPSK.
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Figure 5: Performance of 4-entry and 6-entry codebooks in PA 3 km/h channel, 16QAM.

Simulation results for Rician 3 km/h channel are depicted in Fig. 6 and Fig. 7 for QPSK and 16 QAM constellations, respectively. It is assumed that the BS and UE use antennas as depicted in Figure 1. It is assumed that the channel is TU + LOS with K= 10 dB. The geometrical angle between the UE and BS is assumed to be uniformly distributed in [0, 2(]. Simulation results show that, in this case, antenna selection is preferable over other entries in the codebook for almost 50% of the time. As it is shown in these Figures, removing the antenna selection entries from the codebook will result in significant performance degradation of 1.45-1.55 dB for different spectral efficiencies, at 1% BLER.
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Figure 6: Performance of 4-entry and 6-entry codebooks in Rician 3 km/h channel, QPSK.
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Figure 7: Performance of 4-entry and 6-entry codebooks in Rician 3 km/h channel, 16QAM.

The simulation results are summarized in Table 1. From the simulation results, it can be noticed that significant performance degradation due to removal of antenna selection entries could occur in some scenarios while for all other scenarios, marginal loss is observed. Therefore, including antenna selection in 2-tx system will bring performance benefit.

The gain of including antenna selection is achieved from both the system and the link level.

· From the system level point of view, since less power is transmitted through the weak antenna, inter-cell interference is reduced.

· From the link level point of view, since power is transmitted from the antenna of high energy, link performance is more robust when the same level of transmitting power is used

Table 1: Performance degradation at 1% BLER due to removing AS from codebook in different MCS/channel models

	
	QPSK
	16QAM

	
	1/3
	1/2
	2/3
	1/3
	1/2
	2/3

	TU 3 km/h
	0.2
	0.15
	0.25
	0.1
	0.3
	0.3

	PA 3 km/h
	0.35
	0.35
	0.25
	0.3
	0.3
	0.45

	Rician 3 km/h
	1.5
	1.45
	1.55
	1.55
	1.5
	1.55


5    Discussions on Other Antenna Selction Issues
From [1] and some other contributions proposing to remove antenna selection, some concerns have been raised, which include antenna power imbalancing, power pooling, feedback overhead redundancy, extra testing efforts etc. After some careful analysis and studies on these concerns, we feel that these concerns can be resolved in a practical system, and the overall benefits of antenna selection feature more than overcome its drawbacks. 
· Power imbalance: The CM criterion guarantees that power assigned to each UE on each antenna is balanced. That will lead to the total power balancing on each antenna. However, this requirement may not be necessary in order to guarantee the total power balancing across antennas. For example, using antenna selection in a fully loaded system could also lead to total antenna power balancing, as the scheduler would be able to assign a similar number of UEs to each antenna for simultaneous transmission. In addition, antenna selection may not apply to all of the RBs simultaneously. Thus, the signal transmitted from the unselected antenna may have power boosting over the other RBs, which is similar to RS power boosting in 2-tx and 4-tx systems.
On the other hand, the power imbalance issue can be avoided by applying the codebook to virtual antennas, instead of physical antennas. 

· Power pooling: For antenna selection over the full band, the Node B should double the transmitting power on the selected antenna to maintain the total transmit power unchanged. One way to do so is to move the power from the antenna that is not selected. To our knowledge, such power pooling technology is available today, without significant complexity. 
· Feedback overhead reduction: Feedback overhead can be reduced by using a subset of 4 codewords among 6 codewords which can provide access to the best precoding sets favourable to different implementations.

As current rank-1 codebook has 6 codewords, it requires 3-bit PMI feedback. One reason to remove the 2 antenna selection codewords is to reduce the number of codewords from 6 to 4 and, therefore, lead to 2-bit PMI feedback. There is no need to sacrifice antenna selection for this purpose. Instead, we can maintain the current 6-codeword codebook and apply a subset of 4 codewords at any time. That will reduce the PMI feedback from 3-bit to 2-bit, while allowing enough flexibility in codeword selection. If antenna selection is not implemented, the last 4 codewords can be selected as one subset. If antenna selection is desirable, the subset formed by selecting the first 4 codewords could be used. 
Removing the antenna selection cases for Rank-1, 2x2, could also imply the removal of Codeword 0 (Identity matrix case) for Rank-2, in order to maintain the nested property of the codebook. This may further impact the system performance for Rank-2 transmission.
· Testing complexity: Antenna selection option will not increase testing overhead as it remains a part of precoding. 
· For future evolution considerations, perhaps the codebook size should not be reduced at this time. R1-073295 [2] has also shown that a reporting granularity over a smaller number of RBs, or, perhaps a larger number of codewords can improve the performance, e.g., by filling up the current 3-bit codebook.
On the other hand, from the simulation, we found that AS is very beneficial in unbalanced transmission which could occur in the deployments/scenarios such as:
· Polarized antennas

· Distributed antennas

· Transmit antenna malfunction

· Transmit antenna gain imbalance

· Fixed beam-forming

It is also notable that as antenna selection uses only one transmit antenna at a time, it could lead to simplified demodulation and channel estimation processing at the UE side, which could lead to advantages in power saving and simpler testing effort. 

6  
Conclusion

Based on the discussions and simulation results provided in this contribution, we feel that antenna selection is a beneficial feature for 2-tx system as it could bring performance gain in all scenarios and significant gain in certain scenarios. As for those concerns related to antenna selection, such as power imbalance, power pooling, PMI feedback redundancy, testing complexity, we feel that feasible solutions can be easily implemented without the need to sacrifice such a beneficial feature. Therefore, we strongly recommend to keep antenna selection for 2-tx system in LTE 
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