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I. Introduction
The sounding RS in the LTE uplink enables channel estimation for frequency domain scheduling, multiuser-MIMO, as well as adaptive antenna selection. 
Unlike the data demodulation pilot, the wideband sounding pilot will encounter a more hostile intra-cell interference environment. This is due to two reasons:

1. The wideband nature of the sounding RS implies that different UE’s sounding RSs cannot all be orthogonal in frequency domain. Therefore, multiple UEs will transmit their sounding RSs at the same time. 

2. The sounding RS is sent by active users regardless of whether they are transmitting data or not. 

This contribution examines the impact of higher levels of interference encountered by the sounding RS on the combined system-level performance of antenna selection and scheduling. This additional interference manifests itself as additional channel estimation noise, and makes the SNR of the sounding RS long block lower than the sounding RS of the data long blocks. 
II. Joint frequency domain scheduling and antenna selection 

The basic antenna switching training mechanism is outlined in [], and is explained in brief below. Such a training mechanism is necessary as antenna switching delivers the diversity order of both the transmit antennas present with only 1 RF hardware chain at the UE. This hardware constraint also imposes constraints on how knowledge about the channel state of both the antennas is acquired by the base station in FDD in order to determine which antenna should be used by the UE for UL transmission.  
We simulate the scheme in which the sounding RS is transmitted alternately from the two antennas. This enables the eNodeB to estimate the channels from the two antennas, and to perform resource block allocation and antenna selection.  For example, let the sounding RS be transmitted every 2 TTI, and let the UE start transmitting from TTI #1. Then, as illustrated in Figure 1, the sounding RSs of TTI # 1, 5, 9,… are transmitted from the first antenna and the sounding RSs of TTI # 3, 7 11,… are transmitted from the second antenna.  
[image: image1.emf]Tx1


Tx2


Antenna 


selection 


decision


Antenna 


selection 


decision


UE 


switches 


antennas


UE 


switches 


antennas


Antenna 


selection 


decision


UE 


doesn’t 


switch 


antennas


UE 


doesn’t 


switch 


antennas


Delay


Delay


Delay


Delay




Tx1

Tx2

Antenna 

selection 

decision

Antenna 

selection 

decision

UE 

switches 

antennas

UE 

switches 

antennas

Antenna 

selection 

decision

UE 

doesn’t 

switch 

antennas

UE 

doesn’t 

switch 

antennas

Delay Delay

Delay Delay


Figure 1 Adaptive antenna switching using sounding RS
III. Simulation parameters 

The simulation parameters are given in Table 1. 

	System bandwidth
	10 MHz

	TTI duration
	1 ms

	Number of subcarriers per RB
	12

	Sounding RS location
	1st long block

	Number of LBs per TTI
	14

	Channel model
	6-ray typical urban (TU)

	Doppler frequency
	5.5 Hz, 10.0 Hz

	Number of transmit (UE) antennas
	2

	Number of transmit (UE) RF chains
	1

	Number of receiver (eNodeB) antennas
	2

	Feedback delay
	1 TTI

	Distance between transmit antennas
	0.5 wavelengths

	Variance of angle of departure
	580

	Spatial correlation of eNodeB (receive) antennas
	Uncorrelated

	Scheduling algorithm
	1. Frequency-domain scheduling

2. Fixed/random RB assignment 


Table 1 Simulation parameters

Sounding pilot is sent every 2 TTI alternately from the two antennas.
 The data SINR is set as 10 dB. When multiple contiguous RBs are assigned to a UE, the maximum capacity criterion is used to determine the best antenna for a UE and the throughput deliverable by the UE. 
The channel estimation error is modeled by means of channel estimation noise with power that varies between 10 dB and -10 dB. A 10 dB sounding pilot SNR corresponds to almost perfect channel estimation for frequency domain scheduling and antenna selection (except for delays associated with sounding and feedback). On the other hand, a -10 dB sounding pilot SNR corresponds to an extremely noise channel estimate that effectively leads to random antenna selection and frequency assignment. 
IV. Results

The figures below show the CDF of the SNR (of data) observed for each RB as a function of the channel estimation error and the number of UEs scheduled per TTI. The CDF of the SNR is a useful performance comparison measure because adaptive modulation and coding will ride off it. 
Round robin scheduling with antenna selection 
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Figure 2: Entire bandwidth assigned to 1 UE per TTI: Round robin scheduling with adaptive antenna switching
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Figure 3: Entire bandwidth assigned to 2 UEs per TTI: Round robin scheduling with adaptive antenna switching 
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Figure 4: Entire bandwidth assigned to 5 UEs per TTI: Round robin scheduling with adaptive antenna switching 
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Figure 5: Entire bandwidth assigned to 10 UEs per TTI: Round robin scheduling with adaptive antenna switching


It can be seen that as more contiguous RBs are assigned to a UE, the relative performance gain from antenna switching decreases. However, except for the extreme cases in which the entire 10 MHz bandwidth is assigned to 1 or 2 UEs per TTI, antenna selection delivers a gain of 1.7 dB at 1%ile and 1.3 dB at 10%ile of the system-level SNR CDF when 10 UEs per TTI are scheduled per TTI. Furthermore, antenna selection is extremely robust to imperfect channel estimation. Even at a sounding RS SNR of -2 dB, antenna selection suffers from a less than 0.5 dB performance degradation. Close to 20 dB degradation is required to make the channel estimates completely unreliable. 
Frequency-domain scheduling with antenna selection 
The frequency domain scheduling is done as follows: Once a UE is selected for transmitting a fixed number of contiguous RBs, it is not selected again for transmitting in the same TTI. The above restriction on reuse is placed so as to make the scheduling algorithm tractable and reproducible. A total of 5 UEs are simulated in the system. 
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Figure 6: Entire bandwidth assigned to 5 UEs per TTI with frequency domain scheduling and antenna selection
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Figure 7: Entire bandwidth assigned to 2 UEs per TTI with frequency domain scheduling and antenna selection
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Figure 8: Entire bandwidth assigned to 1 UE per TTI with frequency domain scheduling and antenna selection



In the figures below, the performance of different schedulers for a larger number of UEs with adaptive antenna switching for a Doppler of 5.5 Hz and a sounding interval of 1 TTI is compared.
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Figure 9: Bandwidth assigned to 25 UEs per TTI with round robin scheduling and adaptive antenna switching 
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Figure 10: Bandwidth assigned to 25 UEs per TTI with frequency domain scheduling and adaptive antenna switching


The gains of joint frequency domain scheduling and adaptive antenna switching are tabulated in Table 2 below. 
	
	RR scheduler
	Frequency-domain scheduler

	1%ile CDF
	3.0 dB
	4.8 dB

	10%ile CDF
	2.2 dB
	4.2 dB


Table 2: Gains from joint adaptive antenna switching and scheduling
V. Conclusions
Joint antenna selection and scheduling was shown to be extremely robust to the higher channel estimation error that the wideband sounding reference signal is expected to encounter. Therefore, the sounding RS is ideally suited for enabling antenna selection. 
References

[1] R1-073067, “Adaptive antenna switching with low sounding reference signal overhead,” Mitsubishi Electric.

� Simple mechanisms exist to reduce the sounding RS overhead required to enable adaptive antenna selection, and are discussed in [1].






6

