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1 Introduction

In RAN1#57, the following agreements were reached with regard to orthogonal resource assignment for the UL demodulation RS (DM-RS) and sounding RS (SRS) to support single user (SU) MIMO.

· DM-RS
· Cyclic shift (CS) separation is the primary multiplexing scheme
· FFS: Orthogonal cover code (OCC) separation between slots as complementary multiplexing scheme.

· Codes are {+1, +1} and {+1, -1}

· SRS

· Reuse Rel. 8 principles (CS separation, IFDM separation)
In RAN1#58bis, the following agreement has been reached on SRS enhancement based on a Way Forward proposal [2]:

· UE transmission of SRS can be used for CSI estimation at multiple cells exploiting channel reciprocity.
· Enhanced SRS schemes may be considered
In this paper, we further investigate scenarios that may benefit from SRS enhancements and propose high-level design principles for enhanced SRS design.
2 Scenarios for SRS Enhancement 
SRS design in Release-8 defines eight orthogonal sequences by cyclic shift separation. Further orthogonality is supported by FDM with frequency separation of 2. The multiplexing order of is 16 in the same sub-frame. There are 30 base sequence groups defined. The base sequence is calculated based on Cell ID. 

Release-8 SRS design is optimized for single antenna transmission and UL MU-MIMO in a single-cell reception environment. New scenarios such as SU-MIMO, higher order MU-MIMO, in LTE-A may benefit from SRS enhancement. 
2.1 UL MIMO
In principle, Release-8 SRS can support the following UL MIMO schemes:

· Channel sounding for SU-MIMO for up to 4 transmit antennas per UE is supported by CDM.

· MU-MIMO up to multiplexing order of up to 8 by CDM can be supported by CDM.

· Alternatively, multiplexing order of 2 is supported by FDM

Release-8 CDM scheme is effective in avoiding collision. However, the orthogonality may be exploited only when certain receiver processing is employed. For a CAZAC sequence, correlation for the full length of the sequence needs to be computed to benefit from the CAZAC orthogonality. 
Configurations for multiple transmit antennas for LTE-A are discussed in [8]. For PUSCH, closed-loop rank 1 precoding was agreed in RAN1#56bis. Additional open-loop schemes (Tx diversity and spatial multiplexing) are still under discussion. Some simulation results with realistic SRS based channel sounding suggests that enhancement in SRS design is critical to realize the benefit of UL MIMO schemes. 

It is noted that precoding is not considered for SRS, resulting in lack of beamforming gain that is achieved by traffic channel. To compensate for the lack of beamforming gain, TDM may be considered allowing SRS transmission with higher transmit power. However, this may introduce additional latency in channel sounding, and is not desirable. An alternative scheme supporting simultaneous channel sounding in a sub-frame is FDM. With Rel-8 scheme, up to 2 orthogonal SRS transmissions can be configured per UE by FDM. Multiplexing order is determined by the repetition factor (RPF). Further increase in multiplexing order by FDM is desirable for future enhancements. 
Multiplexing order of 4 by FDM can support future enhancements with 4 transmit antennas at the UE and increased number of co-scheduled users in MU-MIMO, when the base station is equipped with 4 Rx antennas.

2.2 UL-CoMP
Release-8 interference management scheme relies on average value interference measurement. This is typically achieved by estimating the signal power from SRS and subtracting this from total received power. Some of the drawbacks of this approach are:

· It is not feasible to separate intra-cell, noise and jamming, and inter-cell interference.

· It is difficult to estimate from which cell the interference is coming from. The overload indicator via X2 may be sent to the closest neighbour cell or broadcast to multiple cells.

· Spatial interference cannot be estimated both in single-cell and multi-cell environment.
Enhanced inter-cell interference coordination is considered in LTE-A as a simple UL CoMP scheme. Coordinated beamforming is another such approach, exploiting spatial interference measurement. SRS resource management coordinated among neighbour cells would allow accurate signal measurement for UL CoMP schemes. 
In Release-8 scheme, base sequence for SRS is calculated depending on Cell ID group. There are 30 sequence groups defined, allowing randomization in SRS allocation. The main benefit of this approach is collision avoidance by randomization. 
In a UL-CoMP scenario, SRS from a UE (denoted as UE0) served by Cell0 needs to be detected by in Cell1 in the UL CoMP set. The orthogonality of SRS between the UE0 and the UEs served by Cell1 is not supported in the Release-8 SRS design. Therefore, it is beneficial to allow some orthogonality by FDM among cells.

Considering UL-CoMP set size, further increase in the FDM multiplexing factor by a minimum of 3 is desired. This FDM scheme may be reused for intra-site UL-CoMP.
Furthermore, in Rel-8, cell-specific sequence group is configured. Instead, single sequence group is needs to be configured per CoMP set for UEs supporting CoMP. This requires some changes in the current Release-8 SRS configuration.

2.3 DL MIMO and CoMP
DL MIMO and CoMP schemes exploiting channel reciprocity relies on SRS transmission for channel measurement. These include certain DL MIMO schemes in low angle-spread environments, DL CoMP, and TDD DL JP CoMP. Improvement by inter-site FDM described above with coordination on SRS management would improve channel measurement quality required to support the enhanced DL transmission schemes in LTE-A.
2.4 UL Power Control

Release 8 power control relies on target Rx PSD at the serving cell. SRS is power controlled indirectly by a configurable power offset value relative to the PUSCH target Rx PSD. 
The UL power control is affected by the introduction of UL CoMP. The SRS power needs to be configured in such a way that received SRS PSD in the CoMP measurement set can be estimated accurately. The measurement set may be another eNB in a different site or RRH within a site.

Release-8 power control mechanism may suffer from unequal received powers in the neighbour cells and interference inherent in the CDM multiplexing scheme, resulting in degradation in CSI measurements for neighbour cells. This problem can be partially alleviated by FDM scheme, where different SRS received powers can be set and CSI can be estimated more accurately. Furthermore, to allow higher SRS power offset value, larger SRS power offset range may improve the CSI measurement accuracy in the neighbouring cells.
3 Design Considerations

Increase multiplexing order for FDM with SRS coordination would improve the channel measurement quality for single-cell MIMO and CoMP operations. This scheme can be used to enable muting or coordination. Details of SRS frequency pattern and the coordination scheme need further study. Based on our preliminary study, multiplexing order of at least 12 (4 for single-cell MIMO ( 3 for UL CoMP) is desirable in LTE-A. Whether higher multiplexing order is needed or not depends on the useful CoMP measurement set size. This requires further study.

It would be beneficial to support irregular FDM pattern, to further randomize the interference from cells that do not belong to the CoMP set. It is noted that in HTN deployment, there may be many cells that are in close proximity to each other. Interference randomization for this situation is highly desirable. Furthermore, capability to change the SRS reuse distance depending on cell loading is desirable.
It is also noted that in Release-8, reference signal configuration is tightly coupled with SON capability. It is critical to allow SON capability in the enhanced SRS scheme. In Release-8, many higher-layer parameters are needed for SRS configuration. Any enhancement should consider simple inter-cell configuration, without excessive signalling via the X2 interface.
4 Summary
In this contribution, we discussed scenarios that might benefit from UL SRS enhancement. These scenarios include UL MIMO, UL-CoMP, and DL-MIMO and DL-CoMP utilizing on channel reciprocity. Our initial study suggests that
· Multiplexing order of at least 12 (4 for single-cell MIMO ( 3 for UL CoMP) is desirable for enhanced multiple antenna transmission schemes in LTE-A

· Improvement in FDM scheme would enhance SRS measurement quality in the scenarios considered in this paper.

We outlined design considerations for SRS enhancement for LTE-A.

5 References

[1] 3GPP TR 36.814 V1.3.1, “Further Advancements for E-UTRA - Physical Layer Aspects” 
[2] R1-094405, “WF on SRS in CoMP,” CATT, CMCC, Ericsson, ST-Ericsson, Huawei, HT mMobile, ITRI, Motorola, Pantech&Curitel, Potevio, RITT, Samsung, Texas Instruments, Vodafone, ZTE 
[3] R1-094245, “UL RS Enhancement for LTE-Advanced,”
NTT DOCOMO
[4] R1-094280, “Using channel reciprocity for CoMP in FDD systems,” Ericsson, ST-Ericsson

[5] R1-093984, “Use of Uplink Covariance Matrix for Downlink MIMO in FDD,” Motorola

[6] R1-093802, “Multiplexing Capability of Uplink SRS in LTE-A,” ZTE

[7] R1-093876, “Performance evaluation of Rank-1 Precoded SRS,” Mitsubishi Electric
[8] R1-093325, “On MIMO transmission configurations for Multi-Tx UEs,” Nokia Siemens Networks, Nokia
[9] R1-093916, “On  the limitations of sounding reference signal for UL-MIMO
,” Nokia Siemens Networks, Nokia
[10] R1-094028, “Consideration on SRS design for LTE-A UL multi-antenna transmission,”
SHARP

[11] R1-093796, “Further consideration on enhanced SRS for CoMP/non-CoMP user group,” Pantech&Curitel

































































































1/3

