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1
Introduction
Coordinated Multi-Point transmission/reception (CoMP) is well recognized as a promising techniques to enhance LTE-A systems, as it will significantly increase cell-edge user throughput as well as cell average throughput. Its main principle is to coordinate multiple points for coherent transmission or suppression of mutual interference. Thus, relatively accurate channel state information feedback is critical to exploit the attracting advantages promised by CoMP.  UE transmission of SRS, promising obvious benefits for both FDD and TDD LTE, has been agreed as one of three main feedback categories in LTE-A [1][2]. By utilizing the channel reciprocity and frequency translation property, FDD LTE with SRS can obtain the downlink spatial channel covariance information with additional standardization [3], whereas eNodeB in TDD LTE can get the instantaneous channel state information facilitating the CoMP operations.
In CoMP, current R8 SRS may have some potential problems. Thus we will discuss some issues on SRS enhancement for CoMP operation in this contribution.
2
Discussion
LTE R8 has been introduced SRS to support advanced multi-antenna schemes. However, its original design focused on single-point transmissions by restricting orthogonal SRS sequence for users within a cell and bearing the interference from UEs out of the cell due to non-orthogonal SRS sequences. Usually, eNodeB will only utilizes SRS to estimate the channel between UE and the serving cell. This mechanism works well in LTE R8 since at the serving cell the intended SRS is usually stronger than any other SRS transmission from other cells. However, the situation is changed in CoMP since the cooperative points also need to estimate the channel information between themselves and the CoMP UEs. Let’s consider the following example. 
A CoMP measurement consists of cell 1, 2 and 3. CoMP UE 1 belongs to cell 1. eNB 1 usually can estimate the channel of UE 1 at a satisfying precision. However, at eNB 2 the UE 1 SRS transmission, with high probability, will suffer from strong interference from the UEs within cell 2. At this case, eNB 2 may not obtain acceptable channel information of UE 1, thereby significantly degrading the CoMP performance, or even almost “eating” all the potential benefits of CoMP. 
Therefore, the accuracy of SRS-based feedback is critical for CoMP operation, especially when the explicit and implicit feedback is absence or not sufficient.  There are lots of factors impacting the SRS-based feedback:
· High correlation due to Non-orthogonal SRS sequences of the different cells 
· Different sequence root indexes / group
· Different sequence lengths
· Partial position overlapping in frequency domain
· Inter-symbol interference due to  large delays 

· SRS transmission of the UEs outside the cell usually suffer from larger delays, which may exceed CP
· Low SINR of SRS at cooperative points, especially for the SRS transmission from other cells
· Relatively larger sounding bandwidth 
· UE power limitation
· Strong interference from the UE close to the eNB, especially for the SRS for a UE outside the cell
The combination of one or more of the above factors poses the challenge: whether the R8 SRS scheme is sufficient for CoMP operation or not. The concept of enhanced/coordinated SRS transmission scheme has been proposed as a potential approach to avoid the above problems and to facilitate CoMP operation [4][5][6][7]. 
The main principle of enhanced/coordinated SRS transmission is the cooperative SRS resource allocation between the cells within the CoMP set.  Generally speaking, to avoid mutual severe interference, we could coordinate the SRS transmission from different cells via the following approaches:
1. Separating SRS transmission from different cells by TDM
The SRS transmission is configured by the serving cell following the R8 rules. The cooperative cells within the same CoMP set will coordinate so that the SRS transmission of different cells occurs at different OFDM symbols. Thus, the SRS transmission will not interfere with any SRS transmissions of other cells within the same CoMP set. 
· Pros:
· Avoid interference of non-orthogonal SRS sequences  from the other cooperative cells
· Better SINR/geometry promising more accurate channel estimation
· Might be transparent to UEs
· Cons:

· Large sounding period
· Potential significant performance degradation due to the outdated channel state information
Usually, TDM can be used only for CoMP UEs, reducing the sounding period. That is to say, non-CoMP UEs can transmit SRS following R8 rules, and the SRS transmissions of CoMP UEs within each cell are separated with any SRS transmission from other cooperative cells by allocated to different OFDM symbols. 
2. Separating SRS transmission from different cells by FDM

The SRS transmission is configured by the serving cell following the R8 rules, except the sounding sub-band allocation. The cells within the same CoMP set will coordinate so that the SRS transmission of different cells occurs at different subbands.
· Pros:

· Avoid interference of non-orthogonal SRS sequences  from the other cooperative cells

· Possible more Tx power at sounding sub-bands
· Better SINR/geometry promising more accurate channel estimation

· Might be transparent to UEs

· Cons:

· Relative smaller sounding bandwidth
· Potential loss of scheduling gain in frequency domain
 Just as TDM, FDM will be used only for CoMP UEs from different cells, relaxing the constraints of the sub-bands allocation at a certain extent.  
3. Separating SRS transmission from different cells by CDM

A natural way to use CDM is to consider the CoMP set as a “virtual” cell. Then the SRS transmission is carried out as in R8 with small modification.  Here the base sequence index is CoMP-specific. That is to say, we need to associate a base sequence group to the CoMP set. Form simplicity and less standard effort, CoMP set might reuse one of the 504 sequence group used in LTE R8.
· Pros:

· Orthogonal SRS sequences of CoMP UEs 
· Accurate channel state information with simple channel estimation algorithms
· Cons:

· Requirement of more orthogonal sequences
· Additional CoMP-specific sequence groups
4. Hybrid scheme: combination of any two or more of the above approaches 

Any combination of the above schemes is possible. For example, TDM+FDM hybrid schemes can make tradeoffs between the sounding period and the sounding bandwidth.  
· Pros:

· Better tradeoffs between factors
· Potential performance gain
· Cons:

· More complicated SRS configuration due to multi-dimension resource allocation  
 
 Due to more degrees of freedom, how to design excellent hybrid schemes achieving good balance between aspects needs further study. 
From the above discussion, we can summarize the first alternative of the enhanced SRS transmission:

· Alt 1: the SRS transmission of each CoMP UE should be orthogonal with that of any other users. 
As discussed above, Alt 1 can be implemented by TDM, FDM, CDM and any combination of them.

By utilizing Alt 1, the interference due to the SRS transmission of other UEs could be almost eliminated for the SRS transmission of each CoMP UE.  Naturally, another alternative is to reduce the cyclic cross-correlation between the SRS sequences, instead of to ensuring the orthogonality of the SRS transmission of each CoMP UE and that of other users.  Compared with Zadoff-Chu sequences, the SRS sequences have larger cyclic cross-correlation due to cyclic extensions. Thus, it is possible to scramble the SRS sequences to reduce their cross-correlation.  As a result, we have another way to enhance SRS transmission:

· Alt 2: SRS sequences are scrambled by well-designed cell-specific sequences. 

The main principle of Alt 2 is to whiten the interference of the SRS transmission from other cells.

In addition to the above solutions, some other approaches are also attracting to improve SRS-based feedback, including joint channel estimation of multiple UEs and iterative channel estimation. 
3
Data puncture
One open problem related to the enhanced SRS transmission is whether it is necessary to puncture the data corresponding to the SRS transmission of CoMP UEs within the same CoMP set.  
Data puncture will reduce interference and thereby improves the SINR of SRS transmission of CoMP UEs, at the expense of some UL data rate loss. Moreover, data puncture has significant impact on the system design. For example, the system with data puncture might involve non-CoMP UEs when supporting CoMP UEs if the sounding sub-bands of some non-CoMP and CoMP UEs are overlapped. In this case, the CoMP operations are non-transparent to the non-CoMP UEs.  If the cooperative cells separate the CoMP UEs and non-CoMP UEs by TDM (or FDM, or combination of them), the CoMP operations could be transparent to the non-CoMP UEs if not schedule them on the subframe (or PRBs )which are occupied by CoMP UE SRS. It worth further investigation on trade off between the scheduling limitation and SRS interference avoidance.  
4
Conclusion
SRS-based feedback is known as a promising way to support CoMP, especially for TDD system. However, R8 SRS scheme may not sufficient for CoMP applications. In this contribution, we discuss some factors affecting SRS-based channel estimation and go on to show some possible alternatives to enhance the SRS transmission. Moreover, we illustrate some alternatives for the potential enhanced SRS schemes. 
In order to enhance SRS transmission in CoMP scheme, we propose to: 

Proposal 1: the SRS transmission of each CoMP UE should be orthogonal with that of any other users, e.g., TDM, FDM, CDM or combination of any two or more of these approaches.
Proposal 2: SRS sequences are scrambled by well-designed cell-specific sequences. 
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