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1 Introduction
It was agreed in [1] to use non-precoded and antenna-specific sounding reference signals (SRS) in Rel.10. This means that each uplink transmit antenna will consume one SRS resource. Consequently, the required sounding resources for Rel.10 will increase since Rel.10 UEs have multiple transmit antennas and since UL closed loop MIMO is an essential part of Rel.10 uplink. Furthermore, in order to mitigate interference at cooperative reception points, additional sounding resources must be considered for UL CoMP [2].
In a previous contribution [3], we defined SRS capacity as the maximum number of sounding reference signals that can be transmitted over a predefined sounding bandwidth and channel coherence time. We have shown by numerical examples that if we follow Rel.8 rules for assigning sounding reference signals to multiple antennas without considering additional sounding resources, SRS capacity will not be enough to fulfil Rel.10 requirements in any of the narrowband and wideband sounding cases. Finally, we pointed out some methods to increase the number of uplink sounding resources when SRS capacity is insufficient to support satisfactory number of users. One of the most promising methods which have the advantage of being backward compatible with Rel.8 was identified as using available and unused DMRS resources for sounding. Similar approaches to enhance channel sounding were also proposed in [6]. This allows for a scheduled and aperiodic sounding of the MIMO channel, as opposed to using SRS which is semi-statically configured. Note that not only empty resource blocks can be used for this aperiodic sounding, since there are unused orthogonal DMRS resources also in resource blocks scheduled for a PUSCH transmission by some users, and these unused resources can be used by another user for sounding. 
In this contribution, we evaluate the number of additional sounding resources that can be used when considering this solution. Furthermore, we provide different ways of using available and unused DMRS in order to transmit uplink sounding for multi antenna context and we analyze these methods separately in term of the sounding performance for a UE and the impact on data throughput for a UE transmitting PUSCH in the same resource blocks as a UE transmitting DMRS for sounding. Finally, we discuss briefly the changes that might be considered to introduce this solution into standard. 
Moreover, we will show that by transmitting sounding over available DMRS not only additional available resources can be exploited but also sounding performance can be improved. This is important for achieving a precise channel estimate and consequently an accurate operation for closed loop MIMO. This is also important due to the fact that the transmit power per antenna is usually lower than in the single antenna UE case, and therefore methods to extend the coverage of the SRS are important to consider.
Currently, some enhancements on uplink DMRS such as using Orthogonal Cover Codes (OCC) over two slots or Interleaved Frequency Division Multiple Access (IFDMA) separation over resource blocks in addition to Cyclic Shift (CS) separation is under consideration in 3GPP RAN1 meetings [7]. It is important to mention that basic principles of this concept are not prohibited by an introduction of these modifications.
2 SRS Capacity enhancement for Rel.10
Since the case of using DMRS in empty resource blocks are trivial and a matter of control signalling, we primarily analyze the consequences of co-scheduling a PUSCH transmitting and a “sounding UE”. Note that an aperiodic scheduling of a sounding is similar to a PUSCH scheduling so the same DCI format is expected to be used in both cases. 

A UE can piggyback on a PUSCH transmitted from another UE by only transmitting in the DMRS symbols and by utilizing the cyclic shifts that are not used as DMRS for the PUSCH transmitting UE. This can be easily accomplished by scheduling a “sounding UE” with the same bandwidth as the “PUSCH transmitting UE” and with a PUSCH of zero payload size, thereby indicating that it should only transmit the DMRS per antenna for sounding purpose. Furthermore, to ensure non-precoded DMRS for sounding purpose, the full rank matrices can be allocated to the UE since they are always the identity matrix. 
Alternatively, if the cell load is low and some RBs are completely empty, they can be given to one or multiple UEs to transmit DMRS only for sounding purposes in the same manner, if the control channel overhead allows it. 
In order to compute the maximum number of additional sounding reference signals that can be conveyed by this solution we assume that we can fill whole time and frequency grid. Therefore, this value can be approximated as: 
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denotes the number of available and unused cyclic shifts over slot,  
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is sounding slot repetition factor and it takes the value 1 or 2 as there are two slots in one subframe, corresponding to two alternatives discussed in the following. 
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are the number of  available and empty bandwidths or bandwidths occupied by PUSCH transmission. The channel coherence time is measured in the number of subframes. 
For the slot repetition factor, these two alternatives can be identified: 
First alternative: One antenna is sounded in both slots.
This case corresponds to the 
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in the above mentioned equation. Basically, SRS is sent in a similar way as DMRS in this approach: Let’s consider the case where we have two transmit antennas. We allocate to each transmit antennas one cyclic shift (one sounding reference signal) over two slots. In this case two sounding reference signals are needed to sound two antennas.

Second alternative: Different antennas are sounded in the two slots.

This case corresponds to the 
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in the above mentioned equation. Let’s consider two antennas as above. In order to multiplex sounding with DMRS we allocate to the first transmit antenna one cyclic shift (one sounding reference signal) over the first slot. The same cyclic shift (same sounding reference signal) can be allocated to the second antenna on the second slot if it is not used by DMRS. In this case we have used only one cyclic shift to sound two antennas. This cyclic shift is indicated in the DCI in the same manner as in a MIMO scheduling of a PUSCH.
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Figure 1: Throughput comparison when SRS is multiplexed with DMRS, for two aforementioned alternatives. 1 SRS means that n=2 and only one cyclic shift is used by “the sounding UE” and 2 SRS means n=1.
3 Performance evaluations
For evaluating the throughput loss of the PUSCH transmitting UE when we multiplex sounding using DMRS, we consider the case where we have a UE with two transmit antennas transmitting one or two DMRS (depending on selected rank since the DMRS are precoded for PUSCH) and we multiplex SRS coming from another UE with two transmit antennas using both slot repetition factor alternatives described above. Simulation setups are described in Table 1 and Table 2. 
We can see in Figure 1 that there is no throughput loss for low SNR when we multiplex DMRS with 1 or 2 SRSs or equivalently, cyclic shifts, corresponding to two antennas from other users. For high SNR we have about 1.5% throughput loss which is negligible comparing to the number of SRS we can convey. For high SNRs the interference between cyclic shift becomes a dominant factor comparing to noise and this affects the channel estimation performance over DMRS therefore we have a throughput loss in this case. These results are in line with MSE results corresponding to channel estimation errors measured on DMRS when we have one or two sounding reference signals multiplexed with DMRS (see Figure 3).
The Mean Squared Error (MSE) of the channel estimation performance of the sounding is shown in Figure 2. We compare the MSE corresponding to Rel.8 type of sounding (last symbol SRS) where we have allocated two different SRS for two transmit antennas using combs and cyclic shifts to the cases where we use DMRS for sounding purpose for the two alternatives with one or two slots used per antenna. 
The related simulation assumptions are given in Table 1 and Table 3. We can see that using first alternative the sounding performance is enhanced when we use DMRS compared to Rel.8 SRS. This is because we have more samples in frequency domain to estimate the MIMO channel. If we use second alternative the performance is the same as SRS following Rel.8. As sounding performance enhancement is important to achieve a more reliable operation of closed loop MIMO, it is fruitful to further study using the use of DRMS for sounding.
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Figure 2: Mean square error of channel estimation for two antenna sounding using Rel.8 SRS (blue) compared to using DMRS with 2 CS, one per antenna, in both slots, n=1 (in red) and 1 CS and one antenna per slot (in turquoise). 
We here give an example to estimate the possible improvement in sounding capacity with this method:

Example: Let’s consider the case of SU-MIMO when one UE with two transmit antennas is scheduled over 4 RB, using rank 2 transmission. This UE will use two available cyclic shifts. There are 10 out of 12 cyclic shifts which are unused and thus available. Assume further that we will use only half of available cyclic shifts (5) for sounding and a SRS periodicity of 10 msec which corresponds approximately to the coherence time of a channel with 10 km/h UE speed.  Furthermore, assume that second alternative to sound channels are used (
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=2).Then, the additional number of sounding reference signals that we can convey (if the control signalling overhead allows it) according to above equation is 100. This must be compared to maximum 40 equivalent soundings that can be sent over SRS according to Rel. 10.

4 Signalling support of SRS enhancement in Rel.10
In order to create minimum signalling overhead on the PDCCH, two cases for signalling can be considered: In either case, a new DCI format is anyway required to be defined for UL MIMO transmission and the support for this aperiodic sounding using DMRS should be included in this new DCI design. 

Here we give tow alternatives, the first case is dynamic signalling using the same new DCI format that is required in Rel.10 to support uplink closed loop MIMO. One alternative is to add one bit to the DCI to indicate whether this UE should transmit a PUSCH or if it only should transmit the DMRS for sounding purpose. Another alternative is to have an entry in the TBS table with TBS size zero, which together with a full rank precoding matrix selection implicitly would indicate to the UE only to transmit the DMRS per antenna for sounding purpose. 

Also the semi static signalling which can be used for persistent scheduling scenario can be utilized to reduce control overhead further. For example, different bandwidth or resource blocks over different sub-frames are predefined for a certain UE to transmit data in persistent scheduling way, then the SRS of other UEs can be multiplexed with the DRS of scheduling UE in the similar way as well, i.e. higher layer signalling configuration is used to indicate the number of RBs cyclic shift index and SRS indication instead of using multiple PDCCH. 
5 Conclusions

In order to increase SRS capacity and reach Rel.10 requirements for sounding, we propose to:
· Use unused DMRS for sounding purposes. 
It has been shown by simulation that it is possible to multiplex a UE transmitting PUSCH with a UE using remaining DMRS for multi-antenna sounding purpose:
· Will not affect the system throughput for PUSCH transmitting UE considerably for a very large range of SNR.
· Enhance the SRS estimation performance which is important for an accurate operation of closed loop MIMO.
In practice there is a trade-off between the number of additional SRS and control signalling overhead. As the detailed solution depends on the decision on DMRS for MIMO, i.e. the use of OCC or IFDMA, this work needs to follow this topic in parallel. 
6 Annexes

6.1 Simulation Assumptions
	Parameter
	Assigend Value

	Bandwidth
	5 MHz

	Carrier Frequency
	2 GHz

	IFFT Size
	512

	Antenna Configuration
	2 Tx, 2 Rx

	Antanna Correlation
	0

	Channel Model
	TU Channel

	Speed
	3 Km/h

	Receiver Type
	MMSE

	Cyclic Prefix Type
	Normal CP

	Channel estimation for DMRS and SRS
	LMMSE 

	SRS and DMRS Configurations
	Scheme 1 : 2 DMRS no SRS (CS= 0,6)

Scheme 2 : 2 DMRS + 1 SRS (CS = 0,4,8)

Scheme 3: 2 DMRS + 2 SRS (CS= 0,3,6,9)

Scheme 4: 2 SRS following Rel.8 rules (CS=0,4)

	Codebook for Precoding
	2 Tx Codebook


Table 1: Common simulation assumption
	Parameter
	Assigend Value

	HARQ Scheme
	CC According to 36.212

	Number of Maximum Retransmission 
	3

	DMRS and SRS Transmission BW
	5 RB 

	Rank Adaptation
	Yes


Table 2: Additional simulation assumptions for throughput computation

	Parameter
	Assigend Value

	HARQ Scheme
	No

	Number of Channel realizations
	100

	DMRS and SRS Transmission BW
	4 RB (Fixed BW Allocation)

	Transmission Rank
	2


Table 3: Additional simulation assumptions for MSE computation

6.2 Simulation results
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Figure 3: Mean square error measured on DMRS channel when it is multiplexed with one or two sounding reference signals
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