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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. It is pointed out that, Rel-8 SRS transmission may not be sufficient for downlink CoMP[2-3]. 
In #58bis meeting, the following is agreed [4],

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

· Enhanced SRS schemes may be considered

However, how we can enhance SRS transmission is not discussed yet. In this contribution, we discuss several possible enhanced SRS transmission schemes.
2. Enhanced SRS transmission schemes
The typical SRS transmission scenario in CoMP is shown in Figure 1. UE1 and UE2’s serving cells are  Cell 1 and Cell 2 respectively. Cell 1 and Cell 2 coordinate downlink transmission to UE1. Besides the channel of its serving cell (Cell 1), UE1 also needs to sound the channel of Cell 2 to enable advanced CoMP operation, no matter CoMP category is coordinated beamforming or joint processing. 

There may be three types UE in LTE R10 system, R8/R9 UE, R10 CoMP UE, and R10 non-CoMP UE. For backward compability, behavior of R8/R9 UE should not be changed. Thanks to the introduction of DMRS, CoMP and non-CoMP transmission may be made transparent to R10 UE. Hence, the terms of “CoMP UE” and “non-CoMP UE” are just used to differentiate these two types, but not imply any specification impact.
In this contribution, an SRS group associated with a UE is used to denote the set of cooperating cells that receive SRS signal of the UE. Transparent SRS transmission means that behavior of CoMP UE is the same as non-CoMP UE and R8/R9 UE, i.e., rules of R8 SRS transmission are applied for all UEs. For transparent scheme, a UE does not know whether it is sounding its serving cell or multiple cells. Orthogonal SRS transmission implies that a UE’s SRS resources are orthogonal to all other UE’s SRS (and data) resources in the associated SRS group. The orthogonality can be achieved in either time/frequency domain or by cyclic shift.
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Figure 1: SRS transmission for CoMP
2.1. Non-orthogonal transparent transmission scheme

This scheme inherits the current R8 SRS design and operation as shown in Figure 2. Each cell allocates SRS resources without considering its neighbour cells. UE1 sends SRS at specific subframe(s) and frequency band(s) indicated by its serving cell. The cell specific root sequence is used by UE1 to maintain orthogonality with other UEs in Cell 1. This is the mechanism of R8 in the UE1’s point of view, although the SRS signal will be received and detected by one or multiple cells. 

The resource allocation information should be shared with cooperating cells within the SRS group. According to the shared information, the cells in the SRS group detect SRS signal of the target UE. However, due to the lack of coordination, it is very likely that another UE, e.g. UE2, in Cell 2 is also sending SRS on the same resources. Even not, there could be data transmitted. According to R8 configuration, UE1 and UE2 use different root sequences which are associated with their serving cell ID. The sequences are typically not orthogonal. Therfore, when Cell 2 tries to detect the SRS signal of UE1, the SRS signal (data) of UE2 acts as interference, i.e., the orthogonality is lost in this scheme. The interference caused by the non-orthogonality may significantly degrade the channel estimation accuracy and consequently the CoMP gain. 

Without regard to performance, there is no increment in resource occupation. Besides, from standardization perspective, least standardization work is needed: no work on physical layer specifications is required, although standardization work on resource allocation information exchange over X2 interface may be needed.

A possible enhancement to this scheme is to employ advanced detection algorithm at cooperating cells, such as successive interference cancellation. 
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Figure 2: Non-orthogonal transparent transmission schemes

2.2. Orthogonal transparent transmission scheme
Coordination between eNodeBs is carried out to make the SRS transmission in different cells orthogonal as shown in Figure 3. The orthogonality is achieved by time/frequency resource separation, i.e., when UE1 in Cell 1 is sending SRS signal, the corresponding resources in Cell 2 are used for neither SRS transmission nor data transmission. Cell specific root sequence (corresponding to serving cell) is applied, i.e., it is also transparent to UE. 

The corresponding resources in Cell 2 are blanked, which means that UE1 also occupies the SRS resources of Cell 2. Such a coordinated resource allocation leads to decrease of resource utilization efficiency. However, it needs to be kept in mind that there is a tradeoff with performance benefit due to orthogonal SRS transmission. One can expect that the performance of this scheme is better than the non-orthogonal scheme, since interference between different root sequences within the SRS group is completely avoided. Note that other UEs in Cell 1 can also send SRS on the same resources used by UE1, but different cyclic shift or comb should be applied to maintain orthogonality (the same as in R8).

One problem needs to be considered is scheduling complexity caused by the coordination. It becomes more complicated when the number of involved cells is large. Additionally, if CoMP is applied to inter-eNB, overhead and latency of X2 may be obstacle of such coordination. 
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Figure 3: Orthogonal transparent transmission schemes, time domain separation (left), frequency domain separation (right)
2.3. Orthogonal non-transparent transmission scheme
In this scheme, UE knows explicitly if its SRS will be received by one or multiple cells. The cells in the SRS group reserve the same resource for CoMP UE. The resources are used by CoMP UE, and non-CoMP UE will use other symbol or frequency band for sounding. By this way, orthogonality between CoMP UE and non-CoMP UE is guaranteed. The resources are shared by all CoMP UEs in the SRS group. A CoMP UE may be assigned a root sequence different from its serving cell’s, e.g. SRS group specific root sequence. This is why the scheme is called “non-transparent”. Orthogonality between CoMP UE is achieved by different cyclic shifts or comb. Note that, this scheme does not preclude the possibility that a non-CoMP UE is configured to send SRS as a CoMP UE. The scheme is illustrated in Figure 4.
Similar to the orthogonal transparent scheme, some time/frequency resources are reserved for sounding multiple cells. For the transparent scheme, the reserved resources can only be shared by UEs in the same cells, but the resources can be shared by UEs in the SRS group for this scheme, no matter they are from the same cell or not. When there are quite few CoMP UEs in each cell, the transparent scheme may result in a waste of SRS resources. Another advantage of this scheme is that, further optimization, e.g., new power control mechanism, can also be considered to improve the performance. 

Since SRS root sequence may be different from the serving cell’s, it is inevitable that a method is required to inform UE the sequence and SRS’s configurations, such as SRS subframe configuration.
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Figure 4: Orthogonal non-transparent transmission scheme

3. Conclusions
In this contribution, we discuss three types of enhanced SRS transmission schemes with coordination management. The schemes are characterized by orthogonality and transparency. By employing those orthogonal schemes, interference between different root sequences within the SRS group is completely avoided. Transparent schemes result in almost no impact on specification, while non-transparent scheme requires some standardization work. It is recommended that RAN1 carefully study how to enhance SRS transmission to meet CoMP requirements.
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� The resource refers to the last OFDM symbol of the corresponding subframe.
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