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Summary
In this contribution, we highlight a minor limitation with the frequency hopping patterns when used for UE transmit antenna selection in the uplink. We propose a minor modification of the SRS frequency hopping pattern to address this limitation, which is compatible with the current approach. 
Introduction 

Considerable progress was made in the RAN1#53 meeting on the sounding reference signal (SRS) in the uplink. Questions related to the use of the SRS for antenna selection were also resolved. The layered code tree based approach, was agreed upon in the RAN1#53bis meeting [3]. It enables the system to accommodate users with different SRS bandwidths in an orthogonal fashion, and uses the limited resource of SRS sequences well. 


Current method for antenna selection using frequency hopping SRS 
When antenna selection is enabled, the UE alternates the transmission of the SRS from its two transmit antennas [2]. The frequency-domain starting position of SRS, k0, is given in subcarriers as
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where 
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k

 is an offset (in sub-carriers) related to the starting of SRS-tree (including RPF comb), LSRS is the maximum tree level in the SRS position assignment, corresponding to the assigned SRS bandwidth, Bl  is the SRS bandwidth (in subcarriers) on tree level l (i.e. Bl = RPF x the length of the SRS sequence on level l) and nl is the SRS frequency position assignment index on tree level l. 
The frequency hopping pattern is given in terms of nl as: 
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 is the SRS starting frequency position assignment index given in dedicated RRC signalling, 
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 is the number of  new branches per a branch on the assignment tree level l (On OVSF code tree, 
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The variable t = 0, 1, 2,… is a running time index for SRS transmissions. 

Table 1 shows an example of different starting position assignments for a channel bandwidth of 10 MHz [1]. Three SRS bandwidths are possible, namely, 40 RBs, 20 RBs and 4 RBs. 

Table 1: Frequency-hopped SRS for three users with different SRS bandwidths
	Tree layer
	Nl
	nl,orig, UE#1
	nl,orig, UE#2
	nl,orig, UE#3

	0
	1
	0
	0
	0

	1
	2
	0
	1
	1

	2
	5
	-
	0
	2


The resulting frequency hopping pattern for the 3 UEs with transmit antenna selection is shown in Figure 1. 

[image: image11]
Figure 1: Illustration of SRS frequency hopping pattern along with AS transmit antenna index
Limitation of  the current method

While the current method does ensure that the two transmit antennas together do sound the entire SRS bandwidth, a given transmit antenna always sounds only the same one half of the bandwidth when N1 is even. For example, in Figure 1, when N1 = 2, UE1’s Tx1 sounds only the first half of the bandwidth, while its Tx2 sounds only the second half of the bandwidth. Similarly, UE2 and UE3’s Tx1 always sound only the second half of the bandwidth. 

This can diminish the spatial and multiuser diversity gains when the antennas are asymmetric. A larger frequency-domain scheduling gain is obtainable when both the antennas sound both halves of the bandwidth. 

Simple solution 

The above limitation can be overcome by making a minor modification to the current sounding pattern. We illustrate two potential solutions.

Solution 1: Antenna Reversal
Let a(t) denote the index of the UE antenna that transmits at time t. 
The current approach can be described as: 

a(t) = t mod Ntx. 

We propose that this be changed to the following: 
a(t) = (t +b(t)) mod Ntx, where
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This is illustrated in Figure 2, for the same parameter set as above.  As always, this does not affect the non-AS capable UEs. Including b(t) ensures that the pattern alternates the SRS half-bandwidths that the antennas sound. 

[image: image13]
Figure 2: Modified SRS frequency hopping pattern for N1 = 2 with transmit antenna selection that ensures that both transmit antennas sound both SRS half-bandwidths
Solution 2: Pattern Reversal
The frequency hopping pattern is updated instead as follows. 
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And, as before, a(t) = t mod Ntx. 

The updated pattern is shown in Figure 3. 


[image: image19]
Figure 3: Modified SRS frequency hopping pattern with transmit antenna selection that ensures that both transmit antennas sound both SRS half-bandwidths

Comparison of the two solutions:
Both solution addressed the short coming of a given transmit antenna sounding only half the bandwidth. The first solution uses the same hopping pattern and reverses the antenna indexing pattern.  The second solution instead changes the hopping pattern during the transition and keeps the antenna indexing the same.  

Conclusions
A minor modification to the current frequency hopping pattern can enable each of the transmit antennas to sound the entire bandwidth. Of the two solutions proposed, we prefer the solution that reverses the antenna indexing pattern given its limited standards impact. A text proposal for this follows below.
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5.5.3.2
Mapping to physical resources

If frequency hopping of the sounding reference signal is not enabled, the frequency position index 
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 remains constant (unless re-configured). If frequency hopping of the sounding reference signal is enabled, the frequency position indexes 
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where 
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 is given by Table 5.5.3.2-1 through Table 5.5.3.2-4 for each uplink bandwidth 
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 counts the number of prior UE-specific SRS transmissions,
The sounding reference signal shall be transmitted at the last symbol of the subframe.
When antenna selection is enabled for a UE supports transmit antenna selection, the index, 
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