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1. Introduction
UE transmission of SRS has been agreed as one of the three main feedback categories in LTE-A [1]. With SRS, network obtains channel state information via downlink/uplink channel reciprocity. The operation of CoMP requires that channel state information between UE and its multiple cooperating cells is available at the network side. Consequently, multiple-cell sounding is required for an LTE-A CoMP UE. The Rel-8 SRS mechanism, however, was not designed for such a purpose. To guarantee proper functioning of SRS in support of CoMP, it is critical to verify if the Rel-8 SRS design is sufficient. Otherwise, improved SRS design shall be considered in Rel-10. In this contribution, we show preliminary results which indicate that direct application of Rel-8 SRS may not provide sufficient performance for CoMP. Some techniques to improve the SRS performance are discussed.
2. Performance of Rel-8 SRS scheme for CoMP
Figure 1 illustrates an example of CoMP application in LTE-A. Both UE 1 and UE 2 are served by Cell 1 and Cell 2, with Cell 1 and Cell 2 being the serving cell for UE 1 and UE 2, respectively. Further, assume both UEs employ Rel-8 SRS as the feedback mechanism. In other words, the SRS resource allocation for each UE is solely determined by its serving cell. Note that different SRS root sequences may be used by UE 1 and UE 2.
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Figure 1: SRS transmission for CoMP
In order for multiple cells to receive SRS from a CoMP UE, its SRS resource allocation shall be shared among the multiple cells. Therefore, it is necessary to evaluate whether all cooperating cells can reliably receive the UE’s SRS transmission. In the following, we show preliminarily results. 
Table 1: Link simulation parameters

	Parameter
	Assumption

	Number of Tx/Rx antennas
	1/1

	Channel model
	GSM TU

	UE speed
	30km/h

	Bandwidth
	20 MHz

	SRS resources
	12 PRB

	Channel estimation algorithm
	DFT channel estimation, and
 MMSE interpolation

	Root sequence group
	0

	Cyclic shift
	0

	Noise and interference model
	AWGN


Figure 2 shows the MSE of SRS based channel estimation in serving cell, with link simulation parameters listed in Table 1. It is observed that SRS bandwidth has little impact on the MSE performance. Figures 3 and Figure 4 show the CDF of SRS SINR of all users and the CDF of SRS SINR of 20% cell edge users, respectively, in the serving cell and three CoMP cooperating cells, with system parameters listed in Table 2. The serving cell is the cell with the strongest average DL signal strength, and the three CoMP cooperating cells are the three cells with the next strongest average DL signal strength. The results in Figures 2 – 4 indicate that for a large percentage of UEs, mere Rel-8 SRS scheme is not sufficient to support sounding in more than two cells.
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Figure 2: SRS based channel estimation performance
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  Figure 3: SRS SINR CDF of all the UEs 
          Figure 4: SRS SINR CDF of 20% cell edge UEs
Table 2: System simulation parameters
	Parameter
	Assumption

	Number of cells
	57

	ISD
	500 m

	Channel model
	ITU UMa

	SRS bandwidth
	12 PRB

	Number of SRS UEs per cell
	1

	SRS power control
	Full pathloss compensation
With a target SNR of 15 dB at the serving cell

	UE maximum Tx power
	24 dBm

	Fast fading
	Not modeled

	UE location
	Randomly dropped uniformly


3. Improved SRS performance through cell coordination

It is noted that SRS performance in CoMP can be improved through cell coordination. In detail, a CoMP UE’s SRS resource allocation can be jointly decided by multiple cells. The purpose of coordinated SRS resource allocation is to reduce SRS inter-cell interference. The SRS resource includes time, frequency, and code resources. One example is shown in Figure 5, where SRS transmissions in different cells occur in different subframes. In addition, Cell 2 can blank transmissions in Cell 1’s SRS time-frequency resource. 
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Figure 5: Improved SRS transmission with cell coordination
4. Conclusions
In this contribution, we study the performance of Rel-8 SRS as the feedback scheme for CoMP in LTE-A. Preliminary results show that mere Rel-8 SRS scheme may not be sufficient due to large inter-cell interference. It is recommended that RAN1 carefully evaluate the Rel-8 SRS scheme for CoMP applications and design enhanced SRS mechanisms if necessary.
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