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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, an LTE-A CoMP UE is required to sound multiple cells. We have pointed out in our previous contribution [2] that, Rel-8 SRS transmission may not be sufficient for downlink CoMP. The metric was the MSE of channel estimation, which is a measure of the accuracy of short-term channel state information. In another contribution [3], it is observed that long-term downlink covariance matrix can be obtained by using uplink channel measurement and a proper transformation over the duplex frequency band in FDD. In this contribution, we study whether Rel-8 SRS transmission scheme is sufficient for estimating the long-term downlink covariance matrix in FDD.
2. Evaluation methodology 
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. 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. In order for multiple cells to receive SRS from the CoMP UE, its SRS resource allocation shall be shared among the multiple cells.
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Figure 1: SRS transmission for CoMP

It was proposed to improve SRS performance for CoMP through cell coordination [2]. 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 inter-cell SRS interference. The SRS resource includes time, frequency, and code resources. One example is shown in Figure 2, where SRS transmissions in different cells occur in different subframes. In addition, Cell 2 can blank transmissions in Cell 1’s SRS time-frequency resources. 
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Figure 2: Improved SRS transmission with cell coordination
In the evaluation, we assume that UE 1 is scheduled to sound the channel between UE 1 and Cell 2. If Rel-8 SRS is employed, UE 2 in Cell 2 is also sending SRS simultaneously. The root sequence, sequence length, and cyclic shift of UE 2 are randomly chosen. Hence, they will interfere with each other with high probability. The receive power of UE 2 is assumed to be 3 dB or 9 dB higher than UE 1. If improved SRS transmission scheme is employed, we simply assume that no UE in Cell 2 is sending anything on the corresponding resources, i.e., no inter-cell interference for SRS transmission.
Assume that the SRS transmission parameters are available at Cell 2. Cell 2 estimates the uplink channel of UE 1 by receiving its SRS signal：
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where S is a set of subcarriers. The estimated covariance matrix is averaged over a relative long period to get the long-term uplink covariance matrix. For large duplex distances, such as 200 MHz at 2GHz carrier frequency, a frequency transformation is needed to estimate the downlink covariance matrix based on uplink measurements. That is, 
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where 
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 is the diagonal transformation matrix [3],
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is the dominating direction of arrival (DoA) in the uplink; 
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 are the uplink and downlink carrier frequency  respectively.
The performance was evaluated using 16 fixed beams, 
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evenly spaced between ±60 degrees. In this evaluation, we consider two different scenarios: Joint Beamforming and Coordinated Scheduling/Beamforming.
Joint Beamforming
In scenario of Joint Beamforming, all of the cooperating cells form beams toward the intended UE. Therefore, the beamforming weight at Cell 2 should be selected as
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With the ideal downlink covariance matrix 
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, the beamforming weight should be
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The metric is defined as
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The metric indicates the differences of the optimal receive power and the actual receive power, i.e., loss of beamforming gain. Figure 3 shows CDF of 
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 with and without inter-cell SRS interference. From Figure 3, we can see that beamforming gain is significantly degraded due to the inter-cell interference of SRS transmission. In contrast, the degradation is marginal if inter-cell SRS interference does not exist. The link-level evaluation assumptions are summarized in Table 1.
Coordinated Scheduling/Beamforming
In scenario of CBF transmission, the cooperating cells other than the serving cell should try to form beams generating least interference to the intended UE, which is
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Taking into account the fact that the cooperating cell has to schedule other UEs, it may not be able to use the least interference beamforming weight. Hence, we sort the output power in ascending order:
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where 
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is the least interference beamforming weight, 
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 the second least interference beamforming weight, and so on. When the cooperating cell makes scheduling decision, it should use 
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The metric is defined as
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The metric is the difference between predicted interference and the actual interference relative to the actual interference when the nth least interference beamforming weight is used.

Figure 4 shows the CDF of 
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, respectively. CDFs of both with and without inter-cell SRS interference are given. The given figure illustrates that in the presence of inter-cell SRS interference, the accuracy of estimated downlink covariance matrix is rather poor. Through inter-cell SRS coordination, the estimation accuracy is improved significantly. The link-level evaluation assumptions are summarized in Table 1 too.
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Figure 3: CDF of 
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 with and without inter-cell SRS interference
[image: image29.emf]-30 -25 -20 -15 -10 -5 0 5 10 15 20

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

m

CBF,n

(dB)

CDF

 

 

m

CBF,1

 without interference

m

CBF,3

 without interference

m

CBF,5

 without interference

m

CBF,1

 with 9dB interference

m

CBF,3

 with 9dB interference

m

CBF,5

 with 9dB interference


Figure 4: CDF of 
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Table 1: Link simulation parameters

	Parameter
	Assumption

	Number of Tx/Rx antennas
	1/8

	Channel model
	GSM TU

	UE speed
	30km/h

	Bandwidth
	10 MHz

	SRS resources
	48 PRB

	Channel estimation algorithm
	DFT channel estimation, and
 MMSE interpolation

	Root sequence group ID of intended UE
	0

	Cyclic shift of intended UE
	0

	Root sequence group ID of interfering UE
	random

	Cyclic shift of interfering UE
	random

	Sequence length of interfering UE
	random

	Signal to Noise Ratio (SNR)
	5 dB

	Signal to Interference Ratio (SIR)
	-3 dB, -9 dB

	Time window of covariance matrix calculation
	100 ms

	FDD up/dw frequency interval
	200M

	Carrier frequency
	2.0G


3. 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 for even long-term covariance matrix estimation 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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