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1. Introduction

In RAN #68 meeting, a new work item, “Elevation Beamforming/Full-Dimension (FD) MIMO for LTE”, was approved [1]. With a two-dimensional active antenna array exploiting the elevation dimension as well as the azimuth dimension in MIMO system, it has been shown during the SI stage by intensive simulation that further improving system performance is possible to accommodate increasing capacity demand [2]. Associated with capacity enhancement with 3D beamforming, the channel estimation for uplink with SRS transmission will be very critical, which need further enhancement accordingly. The potential SRS enhancement schemes for capacity and channel estimation accuracy are agreed to capture in the WID [1]
· Specify enhancements on reference signal in the following areas 
· Non-precoded CSI-RS, extending the existing numbers {1,2,4,8} of CSI-RS antenna ports for support of 12 and 16 CSI-RS ports, using full-port mapping

· Beamformed CSI-RS
· SRS capacity improvement
· Support for SRS transmission with 4TX antennas as a second priority
· Support of additional ports for DMRS targeting higher dimensional MU-MIMO

· The maximum number of DMRS ports that a UE may be able to receive is kept as 8

In the RAN1 #82 meeting [3], the SRS enhancement has been agreed as follows:
· Specify at least the following SRS capacity enhancements in Rel-13: 

· Increase the number of UpPTS SC-FDMA symbols for SRS

Working Assumption:

· Increase number of combs to 4

· FFS: Max number of CS 

Other enhancement techniques that have been studied in the SI or submitted at RAN1#82 can also be discussed at RAN1#82bis. 
In this contribution, we will further discuss the potential SRS enhancements.
2. Considerations on enhanced SRS for EBF/FD-MIMO
When we propose SRS design enhancement for EBF/FD-MIMO, the following issues need to be considered: 
1). Capacity increase on account of more users by high order MU-MIMO; and 
2). Power limitation related issues for wideband SRS; 

Before tackling these issues, some properties of the channel could be explored. 

· If a large number of antennas are used, undoubtedly the beam will be very narrow. Accordingly, the achievable beamforming gain will be much more sensitive to the azimuthal deviation from the beam axis. In this case, it is too difficult or even impossible for an eNB to steer its beam(s) to follow a fast fading channel. Therefore, SRS should be optimized targeting for channels with relatively small time variance. 
· With a large number of transmit antennas, the channel will be more uniform in the frequency domain, especially operating over a higher frequency carrier. In addition, for a system deployed on high frequency carrier, legacy bandwidth will become relatively narrow as a fraction of the carrier frequency.
· In the presence of a large number of antennas, very high spatial resolution can be achieved. Accordingly, the spatial channels can be well-separated and the inter-beam interference will be reduced and may be disregarded.
Based on the above properties, we propose enhanced SRS with the following options.

1. In addition to the legacy SRS resource, additional resource could be used to enhance the capacity of SRS. If a unified solution for both TDD and FDD system is required, some candidate symbols could be considered for enhanced SRS. For example, 
A. the first symbol or the last symbol of the first slot could be used to improve channel estimation quality. 
B. For normal CP, the symbols no. 3, 10 are used for DM-RS transmission. If there are no scheduled data, they could also be considered for SRS transmission without any impact to legacy UE’s. 
C. The RE’s for sidelink PSS/SSS could also be reused for SRS by multiplexing, if an eNB could detect it successfully.
2. Considering the channel’s flat fluctuation in frequency domain, or equivalently the short delay spread, the frequency sampling rate could be reduced and the comb number could be increased further, e.g. increase the comb number from 2 to 4. 

3. In the case of slow time-domain variation, SRS could be configured with longer period, e.g. 20 ms, for each UE.
Considering the above-mentioned alternatives, we would like to propose the following:

Proposal: Confirm the working assumption “Increase number of combs to 4” as an agreement. And further investigate potential new resources for SRS capacity enhancement.

3. Conclusions
Based on the above discussion, our proposal for SRS enhancement is as follows:
Proposal: Confirm the working assumption “Increase number of combs to 4” as an agreement. And further investigate potential new resources for SRS enhancement.
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