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Introduction
The study item (SI) of elevation beamforming (EB) and FD-MIMO was finished at the RAN1 #81 meeting, and one conclusion about SRS enhancement was captured in 3GPP TR 36.897 [1], i.e., SRS enhancement is beneficial for EB/FD-MIMO compared to the best baseline using implementation based enhancements. The general target of SRS enhancement for EB/FD-MIMO is to enhance the SRS capacity so as to improve the UL channel estimation accuracy at a serving eNB. Candidate SRS enhancement schemes include:
· Transmitting SRS on unused PUSCH DMRS resources
· Transmitting SRS on PUSCH resources
· Increasing the number of SRS combs
· 4Tx antenna switching for SRS transmission
· Precoded SRS
· Increasing the number of UpPTS SC-FDMA symbols utilized for SRS transmission
In this contribution, we analyze the pros and cons of each candidate enhancement scheme and the possible specification impact. Also, our views about SRS enhancement for EB/FD-MIMO are proposed.
SRS Enhancement Schemes
Comparsion of candidate schemes
Based on the investigation on reciprocity based EB and FD-MIMO in TDD systems [2], the performance benefit of SRS enhancement was observed. Among the six candidate SRS enhancement schemes, i.e., 
1. Transmitting SRS on unused PUSCH DMRS resources
2. Transmitting SRS on PUSCH resources
3. Increasing the number of SRS combs
4. 4Tx antenna switching for SRS transmission
5. Precoded SRS
6. Increasing the number of UpPTS SC-FDMA symbols utilized for SRS transmission
each has its own pros and cons, which are summarized in Table 1 together with the potential specification impact.
Table 1: Comparison of candidate SRS enhancement schemes
	Schemes
	Pros
	Cons
	Spec. impact

	1
	· Remarkable SRS capacity enhancement
· No additional UL RS overhead
	· Interference to/from other UEs' DMRS
	· Trigger UL DMRS w/o PUSCH
· Disabling beamforming  for DMRS
or
· Schedule SRS transmission on DMRS resource

	2
	· Remarkable SRS capacity enhancement
· 
	· UL throughput reduction
· Interference to/from other UEs' PUSCH
	· Schedule SRS transmission on PUSCH
· PUSCH rate matching

	3
	· No additional SRS overhead
· More flexible SRS scheduling among UEs
	· Channel estimation accuracy may be degraded
	· Comb configuration signaling

	4
	· No additional SRS overhead
	· Sounding latency is increased
	· SRS scheduling signaling

	5
	· Reduce the SRS resource needed
· SRS coverage enhancement
	· UL PAPR may be increased
	· Signaling related to SRS precoder selection

	6
	· Remarkable SRS capacity enhancement
· No influence to the existing UL subframes
	· The GP may be shortened, which leads to cell range shrinkage
	· Introduce some new special subframe configuration



SRS enhancement should consider a balance between capacity/performance gain and specification impact. So considering the limited time of EB/FD-MIMO WI, it is preferred to consider SRS enhancement within the existing SRS resources in Rel. 13. And then, reuse of PUSCH DMRS resources can be considered as a second priority.  The main motivation of SRS enhancement is to provide larger capacity and more accurate channel estimation with low interference. As it is not feasible to greatly explore new SRS resources, it is necessary to consider improving the orthogonality among SRS resources. Based on the above mentioned design principles, we show several candidate SRS enhancement schemes.
SRS enhancement schemes
We present our general views on three SRS enhancement schemes which are aligned to the preferred design principles identified above. These schemes include comb extension with cyclic shift (CS) constraint, orthogonal cover code (OCC) across two SRS symbols in UpPTS, and precoded SRS.
· Scheme 1: Comb vs. CS
With an increased comb number, e.g., from 2 to 4, more SRS resources are multiplexed in the frequency domain. Therefore, more flexible SRS scheduling can be supported. However, the channel impulse response (CIR) sample interval between two adjacent CSs will be decreased proportionally in the DFT based channel estimation, as shown in Fig. 1. As a consequence, SRS channel estimation accuracy may be degraded, especially when the RB number assigned for SRS is limited, as observed in [3]. Based on this observation, it is beneficial to introduce comb extension with CS constraint.
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Figure 1. Comb vs. CS
· Scheme 2: OCC in UpPTS
When there are two symbols in UpPTS, both of them can be allocated for SRS transmission. One possible enhancement is to introduce an OCC across the two SRS symbols in UpPTS, as shown in Fig. 2. Obviously, orthogonality among SRS can be improved via CDM to support more flexible SRS scheduling. Also, the SRS coverage may be improved by 3dB.
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Figure 2. OCC in UpPTS
· Scheme 3: Precoded SRS
To reduce the SRS resource needed for multi-antenna UEs, it is natural to consider the precoded SRS scheme, which could be combined with the existing non-precoded SRS, as shown in Fig. 3. In this scheme, precoded SRS is only considered for aperiodic SRS, so it can be triggered only for R13 UEs and cause less impact to legacy UEs. By precoding operation, the SRS coverage can be improved. How to select the proper precoders for SRS is FFS.
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Figure 3. Precoded SRS

Based on the aforementioned pros/cons analysis and feasibility study, we have the following two proposals:
Proposal 1: Consider SRS enhancement within the existing SRS resources.
Proposal 2: Reusing of PUSCH DMRS resources can be considered with a second priority.
Summary
In this contribution, we compared the candidate SRS enhancement schemes and analyzed the potential specification impact. Also, our views about SRS enhancement were described and several detailed schemes were provided. Based on the discussion, we made the following proposals:
Proposal 1: Consider SRS enhancement within the existing SRS resources.
Proposal 2: Reusing of PUSCH DMRS resources can be considered with a second priority.
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