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1. Introduction
The transmission of SRS has been agreed as one of the three main feedback categories in LTE-A [1]. In order to enable eNodeB to make efficient scheduling, SRS of CoMP UEs should be available at serving cells as well as cooperative ones. Nevertheless, the Rel-8 SRS design is not sufficient to support for CoMP[2][3]. The SRS transmitted from CoMP UEs usually suffers high interference caused by the UEs in cooperative cells, which is due to the non-orthogonality between sequences with different groups,lengths and etc[3], as shown in Fig.1.
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Fig.1 Illustration of inter-cell SRS interference.

The orthogonality between CoMP UEs and LTE (non-CoMP) UEs can be achieved by coordinating SRS resources including time and code. It is proposed in [2] that a new SRS sequence should be designed to guarantee the orthogonality feature, but the backward compatibility of LTE UEs would be broken. Another effective solution is to configure SRS transmissions of different cells in different subframes in order to avoid inter-cell SRS interference,  and it causes slight impact on Rel-8.
In this contribution, we propose an enhanced SRS scheme to guarantee the orthogonality of the SRS transmission between CoMP UEs and LTE UEs by means of TDM as well as FDM, CDM, where the relevant parameters, transferred information, UE types and other concerned aspects are taken into consideration. For simplicity, we take FDD system as an example to introduce the enhanced SRS scheme.
2. Enhancement of Rel-8 SRS scheme for CoMP
2.1. Considerations on  SRS Subframe Configuraion
The essence of the enhancement is to configure SRS transmission of CoMP UEs and LTE UEs in different subframes to avoid inter-cell SRS interference.
Following aspects are considered in  SRS subframe configuration:

· Relevant parameters(types, lengths, etc.): ‘srsSubframeConfiguration’, ‘srsConfigurationIndex’.

Table 1: Relevant SRS Configuration Parameters

	Parameter 
	Significance 
	Signaling type
	Length 

	srsSubframeConfiguration
	Sets of subframes in which SRS may be transmitted in the cell
	Cell-specific
	4 bits

	srsConfigurationIndex
	Periodicity and subframe offset
	UE-specific
	10 bits


· UE types: CoMP UE or non-CoMP UE (traditional LTE UE);

· The number of UEs: the number of CoMP UEs and LTE UEs;

· Information need to be transferred: configuration parameters, the type and number of UEs as above;
· UE velocity: sensitivity to SRS’s density in time domain;
· The time-domain density of SRS: low SRS density will give rise to low power efficiency and uplink throughput, it also has an impact on high-speed UEs;

· Situations that the UE shall not transmit SRS: i.e. SRS and PUCCH format 2/2a/2b transmissions happen to coincide in the same subframe; SRS and PUCCH transmission carrying ACK/NACK and/or positive SR happen to coincide in the same subframe if the parameter Simultaneous-AN-and-SRS is FALSE[4];
· The subframes that carry SRS transmission of an UE within the cell are indicated by cell-specific broadcast signaling. A 4-bit cell specific ‘srsSubframeConfiguration’ parameter indicates 15 possible sets of subframes in which SRS may be transmitted within each radio frame. The 16th configuration ‘1111’ switches the SRS off completely in the cell, which may for example be appropriate for a cell serving primarily high-speed UEs[5];
· SRS is always transmitted in the last SC-FDMA symbol in the configured subframes, as shown in Fig.2. PUSCH  data transmission is not permitted on the SC-FDMA symbol designed for SRS.
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Fig.2 Uplink subframe configuration with SRS symbol

2.2. Operations on SRS Cell-specific Parameters
There are various operations aiming at the orthogonality of SRS transmissions of CoMP UE and non-CoMP UE. For instance, a quasi-static configuration scheme may be utilized to attain the inter-cell orthogonality of SRS configured subframes, in hope of limiting the inter-cell information transferred and referring merely to the operations of cell-specific parameter level without UE-specific one.
Assume only the adjacent cells can cooperate. In Fig.3, elements of non-empty sets A, B, C indicate different values of ‘srsSubframeConfiguration’ and elements from one set (i.e. set A) are orthogonal to the ones from a different set (i.e. set B), which is concluded in Table 2 [5]. In Fig.3, 
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 denotes the cardinal number of a certain set. Thus, the inter-cell interference of SRS can be well avoided. There are various choices of SRS cell-specific configuration set A, B, C. Firstly, we summarize the orthogonal configurations of ‘srsSubframeConfiguration’, as is shown by the last column of Table 2. The principle to choose configuration set is to enable members of the set to cover different periods in order to make it possible for a cell to choose an appropriate value of ‘srsSubframeConfiguration’ according to its own need for the SRS time-domain density. For example, the case that A={“3”, “4”, “10”}, B={“5”, “11”}, C={“6”, “12”}, may be a choice. 
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 can be selected by cells in terms of their needs, i.e. in order to obtain a proper SRS time-domain density, while the numbers and distributions of speed of the active UEs on RRC_CONNECTED state should be taken into consideration. If the active UEs are mostly at low speed or the UEs in a cell are quite few, the ‘srsSubframeConfiguration’ value with a larger period would be a better choice. By Table 2, none orthogonal configurations exists when ‘srsSubframeConfiguration is configured 0, 13, 14. Whenever the configuration set contains the element(s) 0/13/14, inter-cell SRS interference may exist. It is possible because there may be none CoMP UEs among the adjacent cells and SRS transmissions of CoMP UEs may not happen to occur in the common subframes configured by the adjacent cells even if CoMP UEs do exist. 
Here we should note that 
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Fig.3 An illustration of the quasi-static configuration scheme referring to cell-specific parameters.
Table 2 FDD SRS subframe configuration

	srsSubframeConfiguration
	Binary
	Configuration Period 
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(subframes)
	Orthogonal Configurations

	0
	0000
	1
	{0}
	None

	1
	0001
	2
	{0}
	2、10、12

	2
	0010
	2
	{1}
	1、9、11

	3
	0011
	5
	{0}
	4、5、6、8、10、11、12

	4
	0100
	5
	{1}
	3、5、6、8、9、11、12

	5
	0101
	5
	{2}
	3、4、6、7、9、10、12

	6
	0110
	5
	{3}
	3、4、5、7、9、10、11

	7
	0111
	5
	{0,1}
	5、6、8、11、12

	8
	1000
	5
	{2,3}
	3、4、7、9、10

	9
	1001
	10
	{0}
	2、4、5、6、8、10、11、12

	10
	1010
	10
	{1}
	1、3、5、6、8、9、11、12

	11
	1011
	10
	{2}
	2、3、4、6、7、9、10、12

	12
	1100
	10
	{3}
	1、3、4、5、7、9、10、11

	13
	1101
	10
	{0,1,2,3,4,6,8}
	None

	14
	1110
	10
	{0,1,2,3,4,5,6,8}
	None

	15
	1111
	reserved
	reserved
	N/A


Take Fig.3 as an example, steps of the quasi-static cell-specific configuration scheme is detailed as following:
Step 1: Select configuration set A, B, C in terms of the characteristics and requirements of cells in a certain range. Elements from different cells are orthogonal. For instance, configuration set A={“5”, “11”}, B={“6”, “12”}, C={“3”, “4”, “7”, “10”}. ‘srsSubframeConfiguration’=15 indicating that UEs in the cell switch off the SRS transmission and is orthogonal to any other configuration.

Step 2: Configuration sets are allocated to cells according to the plan pattern shown in Fig.3.
Step 3: Each cell selects its cell-specific parameter ‘srsSubframeConfiguration’ from the assigned configuration set, with consideration of its own requirements. One possible configuration result is depicted in Fig. 4.
Step 4: Subframes configured for CoMP UEs’  SRS transmissions are informed to the cooperating cell by the serving cell ,in order to avoid transmitting UE data on the last SC-FDMA symbols in these subframes when scheduling.
Step 5: Turn to Step 1. Update in a quasi-static manner.
In the case that only the adjacent cells cooperate, cells belonging to the same configuration set could select the identical or different options from the set.
As is shown in Fig.4, SRS cell-specific configuration parameters of the adjacent cells are orthogonal to each other, and therefore inter-cell SRS interference is well restrained.
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Fig.4 One possible configuration result for cell-specific parameters.

Assume cells that are not adjacent to one another can cooperate. If cells belonging to the same configuration set are in the same CoMP set (that is they can cooperate with each other), they should configure the cell-specific parameters with orthogonal options from the assigned cooperation set. For example, assume cell 1 coordinates with cell 3, cell 1 can be configured as 
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. If cells cannot pick out an orthogonal configuration with the cooperating cell belonging to the same configuration set, the following operations on SRS UE-specific parameters should be taken into consideration.
2.3. Operations on SRS UE-specific Parameters

When SRS transmissions of CoMP UEs happen to occur in the common subframes configured by cooperating cells, or cells cannot pick out an orthogonal configuration with the cooperating cell belonging to the same configuration set, the following operations on SRS UE-specific parameters should be taken into account: configure the SRS subframes of UEs in the cooperating cell orthogonal to those of the CoMP UEs instead of all the UEs in the serving cell.

Take cell 1 and cell 2 as example, cell-specific configuration is 
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 for cell 2. Operations on UE-specific parameters are necessary when
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Note:
· If a cell contains CoMP UEs, it should inform the controller of the 10-bit UE-specific parameter ‘srsConfigurationIndex’ and the quantity of the CoMP UEs;

· 8 UEs with the same SRS bandwidth can be multiplexed on the same subframe by cyclic shift at most[5], which gives rise to the case that the subframes assigned cannot afford the large quantity of CoMP UEs multiplexed together without interference;
· The adjustment occurs when cell-specific parameters are not configured orthogonally. Moreover, it is updated in a quasi-static manner together with the cell-specific parameter configuration.
As mentioned above, the SRS UE-specific parameter ‘srsConfigurationIndex’ of the CoMP UE in cell 1 is informed to cell 2, and then cell 2 scheduled its UE data on resources other than the last SC-FDMA symbols in subframes configured for cell 1’ s CoMP UE. It is feasible to multiplex SRS transmissions of CoMP UEs in as few subframe options as possible in ways of FDM and CDM. Considering CoMP UEs in a cell used to occupy  a small part (about 5%) of the total UEs, the inter-cell information transferred can be limited to10~20 bits or so. In the scenario that UEs at the cell edge are in low speed, the periodicity of the information transferred through X2 interface is large, and as a result, the latency caused by X2 interface has no effect on the transferred information and the additional system overhead would not be too much.
In Table 3 we summarize different configurations for CoMP and non-CoMP UEs under different cases of the existence of CoMP UEs in cell 1 and cell 2.
Table 3 SRS subframe configurations in different cases of the existence of CoMP UEs.
	Existence of CoMP UE (Y/N)
	Cell 1 Configuration
	Cell 2 Configuration

	cell 1: Y
	cell 2: Y
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As is shown by Table 3, in different cases of the existence of CoMP UEs, the cell (cell 2) which contains less cell-specific  subframe options keep the same configuration (
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);  if the cell with less options contains CoMP UEs, the cell (cell 1) with more options should configure all the UEs on the subframe options (
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) which are not overlapped with the former cell; otherwise, the latter cell (cell 1) configure its CoMP UEs on the non-overlapped options (
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), and non-CoMP UEs are configured on the cell’ s original options (
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We extend the discussion to the case that joint adjustments have to be made among multiple cells. In Fig.3, take cell 1, cell 2 and cell 4 for example, assume cell 2 and cell 4 are the cooperating cells of the CoMP UEs in cell 1. Let 
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. Without loss of generality, let 
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. The configuration results are summarized in Table 4. Cell 2 and cell 4 can be configured following the method depicted in Fig.5. Above all, we summarize the configuring rule as following. Assume the configuration of cell i is 
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Table 4 Configurations under the joint adjustments by multiple cells.

	Existence of CoMP UE (Y/N)
	Configuration of CoMP UE 
in Cell 1
	Configuration of non-CoMP UE in Cell 1

	cell 2: Y
	cell 4: Y
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	cell 2: N
	cell 4: Y
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3. Conclusions
As Rel-8 SRS is not sufficient for CoMP, we propose an enhanced SRS scheme to effectively eliminate the inter-cell SRS interference and analyze some crucial aspects which should be taken into consideration. It is proposed as following:
· Three SRS cell-specific parameter configuration sets should be configured by higher layers to restrict the range of options for SRS cell-specific parameter. The configuration sets could be updated in a quasi-static manner.

· The SRS time-domain density should be considered when selecting SRS configuration sets. The selection principle is to enable members of the set to cover different periods in order to make it possible for a cell to choose an appropriate value of ‘srsSubframeConfiguration’ according to its own need.  
· Two different results of SRS configuration sets:

· The Three configuration sets are absolutely orthogonal to each other. In this case, it is much easy to complement without any requirement for information transferred among cells. In the mean time, it will restrict the options for the elements of configuration sets and therefore may not support vary of SRS time-domain densities quite well.

· Non-orthogonality exists among configuration sets. In this case, it is flexible to pick out elements for configuration sets and could satisfy different requirements of SRS time-domain densities. Meanwhile, it refers to operations on SRS UE-specific parameter level and requires inter-cell information transferred which can be limited to10~20 bits or so.
· We give priority to multiplex different CoMP UEs in a cell on as few subframe options as possible in order to ensure the flexibility of SRS configurations of cooperating cell when jointly configured.
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