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1 Introduction
The requirement on SRS enhancement in Rel.10 has attracted much attention in the past meetings. The current SRS enhancement discussions focus on the following aspects:
· Sounding capacity enhancement 

· Sounding coverage enhancement

· Backward compatible design
According to the agreement on sounding made at RAN1#60, dynamic aperiodic sounding will be supported in Rel.10. The introduction of dynamic aperiodic SRS can further improve the sounding resource utilization, at the same time, brings new design challenges. This contribution provides our views on dynamic aperiodic sounding design with the above issues in mind.
2 Targets for Rel.10 sounding enhancements
Sounding capacity enhancement

In Rel.8, it is commonly understood that SRS can be utilized to facilitate both uplink and downlink transmissions including:

· Uplink: timing control; power control; uplink channel dependent scheduling; etc. 

· Downlink: channel state information (CSI) or direction of arrival (DoA) estimation for TDD downlink precoding/beamforming; positioning assistant; etc.

In Rel.10, requirements for sounding capacity need to be further increased mainly due to the introduction of new features such as uplink MIMO. Sounding capacity can be improved by creating more sounding resources and more advanced resource management. Dynamic aperiodic sounding transmission enables UE to sound the channel where there is no in time semi-static periodic SRS transmission. This avoids consuming extra periodic SRS resources and leads to more efficient dynamic resource management.
Sounding coverage enhancement
The coverage of sounding for Rel.10 UEs becomes an issue because total transmit power is limited by 23dBm ‎[2]. Transmission of sounding is antenna-specific and the power is constrained by the UE antenna configuration which may result in different coverage between sounding and precoded data signal. Compared to single antenna transmission in Rel-8, additional effort is needed to ensure the same coverage. 

Backward Compatibility
Sounding enhancement ought to be backward compatible, i.e the new features should not affect the Rel-8 SRS performance and resources.  As aperiodic sounding will be supported in Rel.10, it should not conflict with or cause significant interference to existing periodic SRS for legacy UE.
Given the above three targets in mind, further sounding design considerations are discussed for dynamic aperiodic sounding in the following sections.
3 Design criteria for dynamic aperiodic sounding
3.1 Sounding scheduling mechanism 

According to different inherent properties of periodic and aperiodic sounding, it is possible to use them to assist different functions in Rel.10, e.g. to use periodic SRS for rough uplink channel measurement and aperiodic sounding for fine uplink channel measurement ‎[1]. 

It is suggested that both wideband and subband dynamic sounding should be supported since wideband sounding is preferred for frequency dependent scheduling and subband sounding may support link adaptation better. Thus it should be possible to schedule the dynamic sounding resource with or without PUSCH transmission. 

Proposal: Dynamic aperiodic sounding transmissions are scheduled in conjunction with semi-static periodic SRS to fulfill diverse requirements.

3.2 Aperiodic sounding resources for sounding capacity enhancement
The resources used for aperiodic SRS transmission can be categorized into:
A. Sounding within the existing SRS resources
B. Sounding via DMRS
C. Sounding via sounding-specific PRBs
A. Sounding within the existing SRS resources
To transmit dynamic sounding in the existing SRS resources, i.e, the last OFDM symbol of cell-specific subframe, is the most straightforward way. 
Backward compatibility: since the periodic and aperiodic sounding share the same set of resources, reserve resources for aperiodic SRS would be desired for its on-demand characteristic, including aperiodic-specific comb/CS/subframe, etc. With this manner, this method brings in more restrictions for periodic SRS scheduling or longer SRS duration. Thus the benefit of dynamic sounding is at the cost of semi-static aperiodic SRS for legacy UEs.
Coverage analysis: the second issue would be coverage enhancement, as already mentioned in section 2. Multiple SRS transmissions over the same band can be used to increase sounding coverage. However, as the interval between UE-specific SRS subframes is at least several milliseconds, the sounding quality will degrade particularly for fast fading channels. 
B. Sounding via DM RS

This scheme transmits sounding on UL DMRS ‎[6], i.e. unused CSs for DM RS can be utilized to transmit aperiodic sounding. The sounding transmission via DM RS would not affect the legacy UE significantly as shown by simulations in ‎[6]

 REF _Ref257308558 \r \h 
‎[7]. The impact to DM RS performance is very small since CS separation can well guarantee good orthogonality.
Backward compatibility: As this scheme exploits resource other than Rel-8 SRS resource, there will be no impact on original periodic SRS. 
Coverage analysis: Also, it benefits coverage enhancement by sounding repetition in adjacent slots in a sub-frame. As the interval between the two sounding transmission is only a half of millisecond, very high time domain correlation can be guaranteed to ensure the performance of MIMO channel estimation.
C. Sounding via sounding-specific PRBs

This scheme reserves some PRBs in PUSCH region specifically for aperiodic sounding scheduling ‎[8]. Sounding can be transmitted in all symbols in the reserved PRBs in a subframe and multiplexed with PUSCH via FDM, as illustrated in Figure 1. Such region can “hop” in frequency in different TTIs, so that the whole bandwidth can be scanned after multiple transmissions, which is similar to the current SRS design. The detailed hopping pattern can follow Rel. 8 design or FFS.
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Fig. 1 Sounding in reserved PRBs of PUSCH region
Backward compatibility and Coverage analysis: Similar to sounding via DM RS, this scheme also does not affect original periodic SRS transmission, at the same time benefits coverage enhancement. . 
Proposal: Dynamic aperiodic sounding is transmitted via DMRS or sounding-specific PRBs
3.3 Methods to enhance sounding coverage
There are several contributions from last meeting that focus on sounding coverage enhancement, possible solutions such as sounding repetition and antenna switching are proposed ‎[3]‎[4]‎[5]. 
For certain UE power amplifier configurations ‎[2], sounding power limitation remains even if antenna switching is adopted. But by repeating the sounding transmission, the eNB can collect the power on multiple receptions to enhance the sounding strength regardless of the UE antenna power configuration. Therefore, it is proposed:
Proposal: Time domain sounding repetition is supported for coverage enhancement.
4 Summary
This contribution analyzes the previous discussions and proposes that the following issues should be considered for SRS enhancement:
· Sounding capacity enhancement 

· Sounding coverage enhancement

· Backward compatible design
Based on these targets, we have following proposals for dynamic aperiodic sounding design:

· Dynamic aperiodic sounding transmissions are scheduled in conjunction with semi-static periodic SRS to fulfill diverse requirements.

· Dynamic aperiodic sounding is transmitted via DMRS or in sounding-specific PRBs
· Time domain sounding repetition is supported for coverage enhancement.
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