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1 Introduction
CoMP (Coordinated Multi-Point) transmission has been identified as an important study item for R11 downlink transmission. 
From [1], four main scenarios of CoMP have been proposed to be:
· Scenario 1: Homogeneous network with intra-site CoMP

· Scenario 2: Homogeneous network with high Tx power RRHs

· Scenario 3: Heterogeneous network with low power RRHs within the macrocell coverage – different cell IDs

· Scenario 4: Heterogeneous network with low power RRHs within the macrocell coverage – same cell ID

From [2], three main categories of CoMP feedback mechanisms have been identified to be:

· Explicit channel state/statistical information feedback

· Implicit channel state/statistical information feedback

· UE transmission of SRS can be used for CSI estimation at eNB exploiting channel reciprocity.

As one of the three main feedback mechanisms in CoMP, SRS needs to be transmitted to multiple cells instead of only one cell including serving cell and cooperative cells of a CoMP set. As a result, SRS enhancement may be needed in R11. In this contribution, we give our views and some evaluation results on SRS enhancement for CoMP from three aspects, i.e. multiplexing capacity, interference mitigation and uplink power control of SRS.
2 Multiplexing Capacity of SRS for CoMP 
More sounding opportunities are needed in R10 due to UL MIMO, so A-SRS is introduced to improve the efficiency of SRS resource utilization. In R11, we may need more SRS resource than R10 since we may rely on channel reciprocity to obtain CSI for cooperative communication among several cells and the number of the users in one cell may increase dramatically.

For example, as described in section 1, containing one macro eNB and multiple lower power RRHs who share only one cell-ID, Scenario 4 can improve the capability of network by covering hot spots and blind zones and thus can support more users in a cell. For the agreed CoMP simulation assumptions [1], more UEs in the same macro area are assumed comparing with 10UEs in homogeneous network setups. There are 25 UEs per cell with configuration 1 and 30 or 60 UEs per cell with configuration 4a/4b in heterogeneous network. Therefore, there is a need to carefully evaluate the requirements of SRS capacity in these scenarios. 
SRS enhancement for multiplexing capacity is needed to be further studied in R11 especially if CoMP is supported in scenario 4.
3 Interference Mitigation of SRS for CoMP 
3.1 Interference of SRS in CoMP 
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Figure 1.  SRS interference in CoMP

In TDD CoMP, SRS needs to be transmitted to multiple cells by CoMP UE to make eNB know the downlink channel state information by using channel reciprocity and then make decisions about scheduling, resource allocation and data transmission and so on.
However, when CoMP UE in serving cell transmits SRS to a cooperative cell, it will suffer the interference such as SRS, PUSCH, PUCCH or other signal from users in this cooperative cell (see Figure 1), which maybe leads to the serious degradation of the channel sounding performance of CoMP UE for the cooperative cell.
To evaluate the channel sounding performance of CoMP UE for the cooperative cell and determine if the interference mitigation of SRS for CoMP is needed, we give out our link level simulation results in the following part.

3.2 Simulation Results 

The common simulation assumptions include:

· The system bandwidth is 10 MHz. 
· The channel model is ITU Urban Macro NLos. 
· The sounding bandwidth is 8 PRBs. 
· The channel estimation method for SRS is LMMSE (see Appendix A) or time-domain correlation (see Appendix B). 
· The PDP used in LMMSE or Wiener filter of time-domain correlation follows the exponential distribution.
The SRS transmitted by CoMP UE is called target SRS. For convenience, the transmitted power of target SRS is set to unit, so the power of interfering signal can represent the ratio of it to target SRS power.
For contrast, the SRS performance of CoMP UE in serving cell is also provided by assuming that the interference of target SRS comes from the serving cell.

We assume that the detection of target SRS in the serving cell is interfered by users from serving cell only, and the detection of target SRS in the cooperative cell is interfered by users from the cooperative cell only.

For performance comparison, the SRS performance of CoMP UE in serving cell is also provided by assuming that the interference comes from the serving cell. When the interference is from serving cell, SRS sequence of interfering user comes from the same sequence group with the target SRS. When the interference is from cooperative cell, SRS sequence of interfering user comes from a different SRS sequence group with the target SRS. 

The maximum space of cyclic shift (CS) used among users from the same cell is assumed. For example, if CS0 is set for the target SRS, CS4 of the same base sequence with the CS0 will be set for the interfering user from serving cell. CS0 and/or CS4 of a different base sequence from another SRS sequence group will be used depending on the number of interfering users in the cooperative cell. 
We assume that the interfering signal is SRS. Evaluation is done based on the conditions that the interfering SRS information is known and unknown to the receiver respectively. When interfering information is unknown, the evaluation also represents the case that interference signal is PUSCH or PUCCH or other signal.
3.2.1 Channel Estimation using LMMSE 
In this section, we will compare the MSE performance of CoMP SRS with no interference, with interference from serving cell and with interference from cooperative cell using the channel estimation method of LMMSE. 
The performance results with the total interference power fixed to 0.5 are shown in Figure 2. Figure 3a and Figure 3b show the results with different interference levels when the receiver knows and doesn’t know the interfering sequence information respectively.
If the interfering information is not known at the receiver, the white Gaussian noise with the power identical to the interfering signal is assumed in LMMSE.
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Figure 2. Interference power is fixed to 0.5
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Figure 3a.  Interfering information is known at receiver       Figure 3b.  Interfering information is unknown at receiver
Figure 3. Interference power is variable
From the results above, the followings can be observed:
· When the interference SRS is from serving cell, the channel sounding performance of CoMP UE is excellent very close to the case without interference.
· When the interference signal is from cooperative cell and the receiver knows the interfering sequence information, the MSE performance of having interference is fairly close to the case without interference. Also, it is robust to the variation of the interfering power.
· When the interference signal is from cooperative cell and the receiver does not know the interfering sequence information, the MSE performance of having interference is poor comparing with having no interference. Also, it is sensitive to the variation of the interfering power. The performance gap enlarges as the interference level increases especially in the high SNR case when it is interference limited.
3.2.2 Channel Estimation using Time-domain Correlation
In this section, we will compare the performance of the target SRS having no interference, having SRS interference from the serving cell and having SRS interference from the cooperative cell based on the channel estimation method of time-domain correlation. And Wiener filter is used here.
According Appendix B, unlike LMMSE, whether the receiver knows the interfering sequence information has not impact on the time-domain correlation estimation process. In other words, the following evaluation results can be seen as that when the receiver knows or does not know the interfering sequence information.
The MSE performance results with the total interference power fixed to 0.5 and different number of interfering users are shown in Figure 4. The performance results with different total interference levels are shown in Figure 5.
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Figure 4.  Interference power is fixed to 0.5                      Figure 5.  Interference power is variable
From the results above, the followings can be observed:
· When the interfering SRS is from serving cell, it performs closely to that with no interference at lower SNR, but it has an error floor when the SNR is higher than 25dB. Overall, the MSE performance with interfering SRS from serving cell is acceptable.
· When the interfering SRS is from cooperative cell, the MSE performance gets much worse than that with no interference even when the interference power is only 0.1. Also, it is sensitive to the variation of interference power. The performance is significantly worse when the interfering power is 0.5 or higher.
3.2.3 Summary
Above all, we can conclude that if the channel estimation method of LMMSE is used at the receiver, it seems no need to further investigate the interference mitigation of SRS for CoMP as long as the interfering information is know at the receiver. Otherwise when other detection method is used (e.g. time-domain correlation detection), further study on the interference mitigation of SRS for CoMP becomes necessary. The channel sounding performance of interfered SRS depends on the channel estimation method used at the receiver.
In order not to restrict any estimation method used by the receiver, SRS enhancement for interference mitigation needs to be further studied.
4 Power Control of SRS for CoMP
In LTE R8/9/10, SRS power of a UE is controlled by its serving cell and the uplink path loss compensation is decided according to the downlink path loss estimation of the UE to its serving cell. But in LTE R11, especially for CoMP, multiple path losses because of multiple transmission points contained in a CoMP set make UE wonder which path loss it should follow or how to compensate the uplink SRS path loss. This problem can be seen as an implementation problem. Several solutions were proposed in [5], but study should be carried out to whether these solutions are sufficient especially in CoMP scenario 4.
Moreover, according to [6], it can possibly happen that DL CoMP set is different with UL CoMP set especially in scenario 4 considering backward compatibility. At this case, SRS may have two functions: one is for uplink scheduling and the SRS is transmitted to UL CoMP set, and the other is for downlink scheduling using channel reciprocity and the SRS is transmitted to DL CoMP set. This can result in different requirements in SRS power control.
Therefore, we propose that SRS power control enhancement for CoMP needs to be further studied.
5 Conclusion
In this contribution, we give our discussion and some evaluation results about SRS enhancements for CoMP. We propose to further study SRS enhancements for CoMP scenarios in the aspects of multiplexing capacity, interference mitigation and power control.
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Appendix A
The received signal can be expressed as:
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Where, 
[image: image8.wmf]I

is the interference signal of CoMP SRS, and it is can be SRS or PUSCH or other signal. k is the user index, and the maximum number of users is K.

The LMMSE estimator estimating the channel of k-th user can be expressed as:
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Where, 
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Assuming that the number of multi-paths is L, and 
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represent the delay and the average power of each multi-path for the k-th and the j-th multi-path respectively, then
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Where, 
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 IDFT matrix. For user k, 
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Appendix B
Time-domain correlation method is realized by utilizing the orthogonality between different cyclic shifts.

Different cyclic shifts (or phase rotations) of a same CAZAC base sequence are assigned to different antennas in CAZAC code division. The space between two CAZAC sequences must be large enough in order to make the time-domain correlation estimator tell the multi-paths of each antenna.
Assuming that 
[image: image22.wmf]()

xn

and 
[image: image23.wmf]()

yn

 represent reference signal and received signal in time domain respectively, and 
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 represent corresponding signals in frequency domain. Then the time domain correlation between received signal and reference signal of a certain antenna is:
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The formula above explains that 
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 is Fourier transform of each other. 
Cause that the phase of reference sequence of this antenna is always known, so 
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 in this phase and setting zeros in other phases. Then the estimated channel matrix is:
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Based on the above explanation, the pure Time-Domain Correlation method has not consider the impact of noise of received signal and maybe get limited advantage in channel estimation, so Wiener Filter is always used after time-domain correlation for filtering noise.
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