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I. Introduction 
Adaptive antenna switching on the uplink exploits the diversity offered by the two antennas that are already present in the handset for reception [1]. Using the broadband sounding reference signal (SRS) for antenna selection has the advantage of facilitating joint frequency-domain scheduling (FS) and antenna selection (AS) [2], and was agreed as a working assumption for antenna selection in the RAN1#49bis meeting. 
Recent discussions have raised the possibility that the SRS need not occupy the entire system bandwidth. Instead, the eNodeB could command the UE to transmit either a variable bandwidth SRS to sound only a portion of the system bandwidth or a frequency-hopped SRS that would, over multiple hops, sound the entire system bandwidth. 

In [3], it was observed that if not done right, antenna selection with a frequency-hopped variable bandwidth sounding results in limited performance improvement, particularly at higher UE speeds. We focus on this aspect in this contribution and provide two simple techniques that offset degradation in system performance due to frequency hopping of the SRS at high Doppler shifts. 

II. Frequency-Hopped SRS 
In a system with a frequency-hopped SRS, the available bandwidth of[image: image1.wmf]B
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 Hz each. In Figure 1, two possible frequency hopping schemes are shown for a frequency-hopped SRS with[image: image4.wmf]5
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. In the first scheme (Scheme A) all the subbands are successively sounded by antenna 1. Thereafter, all the subbands are successively sounded in a similar manner by antenna 2. In the second scheme (Scheme B) the two antennas alternately sound resulting in a time-interleaved frequency hopping pattern. This is illustrated in Figure 1. Note that both the schemes use the same SRS sequence allocated to a UE and do not require any additional overhead from the eNodeB (other than the fact that it knows what the sounding pattern is).
In [3], it was observed that for high Doppler spreads ([image: image5.wmf]30
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, AS with scheme A results in limited performance gains. We plot the system-level performance results of the two schemes in Figure 2 for [image: image7.wmf],
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 and a Doppler spread of [image: image9.wmf]30
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Hz. The figure shows the CDF of the SNR (of data) observed for each RB. The CDF of the SNR is a useful performance system-wide comparison measure because adaptive modulation and coding will ride off it. 

Combined with FS, it can be seen that the gain due to AS is 2.2, 1.1, and just 0.4 dB for [image: image10.wmf],
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, respectively. Thus the gains progressively decrease as [image: image12.wmf]f
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 increases. One key reason, as we shall see, is that the channel estimates used for antenna selection and frequency-domain scheduling are outdated to different extents, and this is not accounted for appropriately. 
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Figure 1: Two possible frequency-hopped SRS patterns for antenna selection for 
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III. Alternatives 
In this section, two simple tools, namely, appropriate antenna selection criteria for outdated CSI and limited bandwidth frequency-domain scheduling, are described. These can be employed by the eNodeB along with a frequency-hopped SRS to properly account for the time dynamics of a frequency-hopped SRS. 

A. Appropriate antenna selection criteria for outdated CSI 
The sounding schemes A and B described in Section II lead only to marginal improvement despite using AS because of the outdated nature of the channel state information (CSI) that is not accounted for in the antenna selection criteria. This is rather critical for high values of [image: image16.wmf]f
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 as can be seen from Figure 2. 
A simple one step scheme weighs the past channel estimate based on how outdated it is, to perform scheduling/selection at any given time instant. Specifically, if channel estimate [image: image17.wmf]D
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 is needed for scheduling/selection at time 
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 is used in the proposed scheme to account for the outdated nature of the CSI. In effect, less weightage is given to more outdated samples. 
Further gains are achievable if more than one past sample is employed at the eNodeB to obtain the weighted estimate for scheduling/selection. For example, in the conventional minimum mean-squared error (MMSE) method (see for e.g. [4]) if [image: image22.wmf]D

-

D

-

D

-

p

N

t

t

t

h

h

h

...,

,

,

2

are [image: image23.wmf]p

N

past samples, then 

[image: image24.wmf]å

=

D

-

=

p

N

k

k

t

k

t

h

w

h

1

ˆ

 




(1)
is the weighted estimate used by the eNodeB for scheduling/selection at time t. In (1) [image: image25.wmf]p
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 are chosen to minimize the MSE [image: image26.wmf]}
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can be found in equation (9) in [4].
B. Limited/variable bandwidth frequency-domain scheduling 
One of the main objectives of the sounding RS is to facilitate frequency-domain scheduling for various users. Instead of fully sounding the entire system bandwidth with each antenna, the eNodeB can better utilize the additional spatial diversity made available by antenna selection by limiting the number of subbands each UE sounds. This also has the additional advantage of simplifying the task of assigning SRS sequences and patterns to different UEs. Specifically, the eNodeB makes each UE sound only a portion of the entire system bandwidth. (This is similar in principle to the variable bandwidth SRS being discussed in RAN1 currently.)  While this reduces the multiuser diversity gains, it improves the spatial diversity gains since the subband specific CSI about each antenna is obtained more often, and, therefore, is more accurate. 

IV. Simulations 
The simulation parameters used in our simulations 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

	Number of UEs/cell
	25

	Channel model
	6-ray typical urban (TU)

	Doppler spread
	30 Hz

	Number of transmit (UE) antennas
	2

	Number of transmit RF chains
	1

	Number of receiver (eNodeB) antennas
	2

	Feedback delay
	1 TTI

	Normalized distance between transmit antennas
	0.5

	Variance of angle of departure
	580

	Spatial correlation of eNodeB (receive) antennas
	Uncorrelated

	Number of contiguous RBs assigned to a UE
	2

	SRS sounding period
	2 TTI, unless mentioned otherwise

	Scheduling algorithm
	 Frequency-domain scheduling


Table 1 Simulation parameters
A. Appropriate antenna selection criteria for outdated CSI
In Figure 3, the performance of frequency-hopped SRS with the appropriate antenna selection criterion is plotted for [image: image28.wmf]2
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, respectively. To maintain clarity, Figure 3 considers scheme A as the SRS frequency-hopping pattern. For each value of [image: image30.wmf]f
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, the system-level performance curves are shown for different values of [image: image31.wmf]p
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 –  the number of past samples used to obtain the weighted estimate as in (1). For example, in Figure 3 with [image: image32.wmf]2
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, AS results in a 0.9 dB gain over no AS when a single past sample (
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) is used to weigh the channel estimate in the antenna selection criterion. Also, we see in Figure 3 that AS results in a 1.2 dB gain over no AS when two past samples (
[image: image34.wmf]2
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) are used to weigh the channel estimates. In contrast, in Figure 2, which did not account for outdated CSI, the performance gain of AS over no AS was only 0.2 dB. As a benchmark, the performance of AS with a full bandwidth SRS (
[image: image35.wmf]1
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) is also plotted. This results in an additional gain of just 0.5 dB. 
B. Limited bandwidth frequency-domain scheduling
The 25 users are divided into 5 sets of 5 users each. Each set of 5 users only sounds a 10/5 = 2 MHz bandwidth (instead of frequency-hopping to sound the entire 10 MHz bandwidth over time).  

Figure 4 plots the system-level performance for a Doppler of [image: image36.wmf]30
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 and limited frequency-domain scheduling (LFS) results in a 2.1 dB gain over no AS.  Comparing AS with [image: image38.wmf]5
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, a loss of 1.0 dB can be observed as a penalty for performing frequency-domain scheduling with reduced sounding bandwidth. 

The results obtained above are in sharp contrast to the results  reported in [3], which did not account for the outdated CSI and did not use frequency-domain scheduling most appropriate with antenna selection. 
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Figure 2 Performance of freq. hopped SRS for [image: image41.wmf]2

=

f

N

 and [image: image42.wmf]5

=

f

N

 for [image: image43.wmf]30

=

d

f

Hz when outdated channel information is not accounted for properly
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Figure 3 AS with appropriate selection criteria for freq. hopped SRS for [image: image45.wmf]30
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Figure 4 Performance of AS with limited/variable sounding for [image: image48.wmf]30
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V. Conclusions
This contribution has shown that uplink transmit antenna selection delivers performance gains even with a variable bandwidth or frequency-hopped SRS. Two simple mechanisms, which are at the eNodeB’s disposal, suffice to ensure this. 
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