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1 Introduction

Sounding using DMRS as the sounding resource has been suggested and discussed in a large number of contributions ([1], [2], [3], [4], [5], [6] and [7]). In this contribution, we summarize the motivation and operation of sounding using DMRS. 
2 Motivation 

The sounding using Rel.8 SRS resources in an aperiodic and dynamic manner which is agreed has some drawbacks in that it requires RRC configuration, UE grouping and pooling etc [8]. Considering that Rel.10 sounding is antenna-specific, sounding multi-antenna UEs will make use of multiple sounding resources [9]. This will likely require reserving the sounding symbol potentially in all sub-frames and there will be an associated penalty in the overhead. Moreover, when the load on Rel.8 sounding increase, there is degradation in the reliability of the sounding due to the interference which will result in a significant throughput loss [2].
It is therefore beneficial to have an alternative way to perform uplink sounding, and it has been proposed to use the DMRS, which has the benefits that it does not require resource reservation in advance. It therefore gives the maximal flexibility, at the cost of signalling overhead but as is discussed below there is no penalty if it is not used, neither in complexity or overhead. It merely provides an attractive sounding flexibility to some cells, or some UE’s in a cell with particularly bursty behaviour where user arrival rate is randomly distributed and happens seldom. Therefore, it is up to eNB to make use of the DMRS for sounding purpose when it is needed.
The benefits related to this approach can be summarized as:

· Provides maximal flexibility with minimal sounding delay and guarantees arbitrary sounding bandwidths,

· Alleviate load and reduce interference from Rel. 8 SRS while improving the average throughput [2],
· Provides means to perform sounding/probing of additional UL carriers without the need to semi-statically configure resources,
· Provides a mean to perform sounding of relay nodes which cannot use the Rel.8 SRS symbol due to the TX/RX switching,
· Allows for non-contiguous sounding using two clusters using the Rel-10 non-contiguous resource allocation, 
· Provides naturally two shots in one trigger. As there are two DMRS symbols in one sub-frame for sounding, the performance is improved compared to Rel-8 SRS using only one symbol [2],
· Provides means for improvement of sounding capacity of Rel. 8 [9].
3 Operation 
Sounding using DMRS is equivalent to SU-MIMO PUSCH without payload transmission. It is also possible to co-schedule a sounding UE and a PUSCH transmitting UE, in this case the channel estimation is the same as in the MU-MIMO scenario, but the PUSCH reception is a SU-MIMO PUSCH reception. Different cyclic shifts are then allocated to the sounding and the PUSCH transmitting UE as in uplink MU-MIMO.
In the next sub-section follows a detailed operation and specification impact on the sounding using DMRS.
3.1 Triggering
The triggering of sounding using DMRS uses a previously undefined code point for PUSCH in the UL grant as follows:

· When performing Single Antenna Port transmission: Trigger by an undefined IMCS and NDI bit combination, 
· When performing Multiple Antenna Port transmission: Trigger by an undefined TPMI code point. 

In the UL grant, the Information Elements containing RB assignment, DMRS resource assignment and TPC are read to define the transmission bandwidth and location, reference signal and transmit power of the DMRS just as when transmitting PUSCH. 
3.2 Transmission

When the UE receives an UL grant according to Section 3.1, it shall transmit in the corresponding sub-frame the DMRS symbols using the full rank precoding matrix i.e. the identity matrix. The remaining resource elements in the sub-frame are empty. Thereby antenna specific sounding is achieved and there is no impact on UE transmitter complexity. 
3.3 Demodulation

The eNB can use the same channel estimator as in the case of full rank PUSCH transmission. Hence, there is no impact on eNB receiver complexity. 
4 Conclusion
We propose to make the minor specification modification to allow for sounding by using DMRS as an extension to the Rel. 8 SRS sounding. 
The necessary specification modification is limited to adding a sentence in TS 36.213 (e.g. in Section 7.1.7.2) on how to trigger this sounding by clarifying the UE behaviour when the (previously) undefined code point is detected. Such a simple modification is reasonable in the timeframe of Rel.10 while considering the benefits related to this scheme.
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