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1 Introduction

In the current LTE specification, the sounding reference signals (SRS) is only designed for the single-antenna scenario. However, it is widely recognized that LTE-A should support multi-antenna uplink transmissions. The number of transmit antennas, which will be supported in the uplink transmission, would be up to four. As a result, it is possible that an eNodeB requires knowing the channel state information from all antennas of an UE in a specific bandwidth, in order to implement closed-loop uplink multi-antenna transmissions. In the current LTE specification, there are eight cyclic shifts (CS) and two SRS transmission combs supported, and thus sixteen sounding opportunities are provided in a sounding bandwidth. Based on the preliminary consensus, the sounding opportunities, provided by the current LTE SRS structure, do not seem to be sufficient to simultaneously support LTE and LTE-A UEs. It is suggested to further enhance the SRS structure of LTE, and the enhancement features should be designed to facilitate backward compatibility. This contribution attempts to discuss two methods for extending the SRS structure of LTE and compares their feasibilities as well.
2 Possible SRS extensions of LTE
1. Extension of CS parameters

Extending CS parameters is one of the two intuitive methods to increase sounding opportunity. As mentioned before, there are eight CS parameters supported in the current LTE specification, which are given by [1]
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. For backward compatibility, the sounding channels, which are created by the extended CS parameters, should meet the following two requirements:
(a) Mutually orthogonal.

(b) Orthogonal to the existing LTE sounding channels.
To proceed, the extended CS is written as


[image: image3.wmf]CS

SRS,extend

CS

SRS,extend

()2,

extend

n

n

N

ap

=


(2)
where 
[image: image4.wmf]CS

SRS,extend

01

nN

££-

. In order to make the two requirements met, the two constraints on the selections of N and 
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, which are listed below, should be followed.
· N should be selected, such that 
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 should be selected, such that 
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Based on the above constraints, one good choice of N might be 6, 12 or 24. If N=6, 
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 should be chosen among the candidates of the integer set 
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. Likewise, if N=12, 
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. Furthermore, if N=24, 
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2. Increase of repetition factor (RPF)

The other intuitive method for extending sounding opportunity is to increase RPF. In the current LTE specification, RPF equals 2. That is, two transmission combs are provided to double the sounding opportunity. To further increase sounding opportunity, RPF can be possibly increased to be 4. Accordingly, the sounding opportunity is quadrupled, since the number of transmission combs becomes 4. It is noted that the sounding channels created by using this method are perfectly orthogonal. Each transmission comb could be assigned for each antenna of an UE. Hence, combined with the current LTE CS parameters, this method could simultaneously support eight four-antenna UEs to perform sounding.

However, since the RPF values of this method and LTE are different, their corresponding SRS sequence lengths are also different in a sounding bandwidth. As a result, the orthogonality between the newly created and legacy sounding channels cannot be maintained. This implies that increasing RPF cannot be applied on the LTE SRS structure. To make this method applicable, one signalling message for activation/de-activation of the advanced SRS should be further defined. If the number of multi-antenna UEs increases and is largely over the capacity of the LTE SRS, eNodeB could utilize the signalling message to activate the advanced SRS to accommodate LTE-A UEs. After the number diminishes, eNodeB could de-activate the advanced SRS, so as to save sounding overhead.
Overall speaking, this method requires new sounding sequences, a new SRS structure, and a new signalling message. As a result, this method provides poor backward compatibility with the current LTE SRS.
3 SRS assignments for multiple antennas
Since LTE-A attempts to support up to four antennas in the uplink transmission, signalling overhead would be large if explicit signalling manners are used for multi-antenna SRS assignment. To solve this potential problem, implicit signalling methods are suggested to be used. One possible solution is to let the SRS assignments for adjacent antennas be relative to each other. Then, eNodeB only has to signal the SRS parameter of the first antenna. The SRS parameters of other antennas could be derived based on the known assignment relation. In this way, it could limit signalling overhead not to linearly increase with number of UE transmit antennas. For example, continuous assignment of CS parameters could be utilized for multi-antenna SRS assignment. That is, if an UE has four transmit antennas, the CS parameter for the kth antenna would be 
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4 Comparison of two possible SRS extensions
In this section, the advantages, disadvantages, and feasibilities of the two methods are tabulated below, so as to thoroughly compare them.
Table 1: Comparison between CS and RPF extensions.

	
	CS extension
	RPF extension

	backward compatibility
	Better (can be directly applied on the current LTE SRS structure)
	Worse (impossible to co-locate with the current LTE SRS structure)

	Modifications on current LTE
	Less (might only need a new signalling message for those extended CS values)
	More (might need a new signalling message, a new SRS structure, and new sounding sequences)

	Capacity in a sounding bandwidth
	Lower (number of CS values cannot be extended without limitations)
	Higher (easy to quadruple sounding capacity in a sounding bandwidth)

	Complexity
	Lower (UE does not need to implement new sounding sequences and new SRS structure)
	Higher (UE needs to implement new SRS features over LTE)

	Feasibility
	Higher 
	Lower 


5 Conclusion
Based on the above discussions and comparisons, it is suggested to re-use the current LTE SRS structure and extend the CS parameters for supporting multi-antenna sounding. In order not to increase signalling overhead for sounding, the implicit signalling of SRS assignment parameters is suggested to be considered.  
Proposal 1: Suggest RAN#1 to discuss the feasibility of re-using LTE SRS structure with CS extension for LTE-A and the possibility of applying the implicit signalling of SRS parameters on the multi-antenna sounding.
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