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1 Introduction
For Rel.10, in order to enable an efficient and flexible sounding resource management, it has been agreed to use dynamically configured aperiodic sounding in addition to the existing semi-statically configured periodic sounding [1] of Rel.8.
Introducing aperiodic sounding to the existing Rel.8 SRS permit to sound some UEs on demand and with higher priority than other UEs. However, this scheme has disadvantages. Firstly, using Rel.8 SRS does not increase the absolute sounding capacity which is problematic for multi-antenna scenarios [2]. Secondly, it over loads existing sounding resources of Rel.8 which will result considerable inter-cell interference on sounding for multiple antennas and might affect considerably the sounding performance [5]. Another drawback is that even though the sounding is dynamic and flexible, semi-static sounding resources must be reserved so that PUSCH transmitting UEs are aware of which subframes is used (or potentially will be used for) sounding. This limitation of semi-static reservation goes against the concept of dynamic sounding.
Motivated by these limitations, it has been proposed to utilize additional sounding resources to the existing one of Rel.8 [2]
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[4]. Using sounding in the data region, i.e. using DMRS, has more flexibility and avoids the need for semi-static reservation of resources. Furthermore, when sounding is performed using DMRS, only a few other or even no other UEs in the cell is affected by this sounding, as opposed to sounding using Rel.8 SRS which affects many UEs. Hence, the sounding becomes more self-contained for a UE. Therefore, dynamic and aperiodic sounding is more suitable when used with DMRS than with the Rel.8 SRS.
In previous contributions we have discussed in detail sounding via DMRS including the advantages and drawbacks of this technique. Some additional issues were left for further study including signalling overhead and inter-cell interference evaluations. In the following sections we address the open issues and discuss two solution candidates for sounding using DMRS.
2 Using DMRS for sounding
It has been proposed to use non-precoded DMRS for sounding a multiple antenna UE at the same time it is transmitting PUSCH [4].  As the Rel.10 uplink codebook with full-rank transmission consists of identity matrices, non-precoded DMRS is already supported if full rank is transmitted. For rank reduced transmission, the use of non-precoded DMRS needs to be further specified. The benefit of this scheme is that channel is sounded for the UE which is already transmitting PUSCH without requiring additional sounding resources and no additional use of the control channel. However, there are a number of limitations of the solution in [3]:

· If the UE has no data to transmit then sounding can not be performed
· Channel estimates is only obtained within the PUSCH bandwidth

· There is no precoding gain of DMRS for rank reduced PUSCH transmission 

It therefore becomes clear that there is a problem of initiation, how to perform link adaptation and select PMI and rank the first time a UE is scheduled if there is no reliable prior PUSCH transmission that can be used for sounding? Also, obtaining frequency selective scheduling gains is not possible, since eNB only obtain sounding information over the PUSCH bandwidth. 
One solution to overcome these limitations is to add support of sounding using DMRS independent from PUSCH transmission of UE. This solution has been described in [2] and the advantage is that sounding is possible without connection to a PUSCH transmission of certain rank and bandwidth. It is also more flexible since it supports multiplexing of sounding and PUSCH from different UEs respectively by CS separation between different UEs. If OCC is agreed for DMRS with MU-MIMO the sounding and PUSCH UE may also have non-equal bandwidths as demonstrated in figure 1. In this example a large bandwidth is used to sound 3rd UE before scheduling this UE on the best band after 4 sub-frame delay. This example is only for illustration and sounding with CS separation for different UEs is also possible. 
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Figure 1: Sounding using DMRS independent from PUSCH transmission
The drawback with this scheme (as for any aperiodic sounding scheme) is the additional signalling overhead to trigger such sounding using DMRS (without a PUSCH) and possible also the increase of inter-cell interference on DMRS. Two signalling methods are described in the following section.
3 Signalling of sounding using DMRS

Different signalling schemes can be considered: 
· Layer 1 signaling Basically if dynamic signaling is used one additional PDCCH is needed to sound each sounding transmitting UE. The PDCCH then contain a flag that the UE shall only transmit the DMRS together with information about which DMRS and the frequency resource allocation of the sounding.  As different UEs may be given different DMRS, the signaling scheme is similar to MU-MIMO.  Note that also non-scheduled resource blocks can be used to send sounding. The main draw back of using layer 1 signalling is the signaling overhead and the DCI format needs to be carefully designed to keep the requirements on the number of blind decoding.
· RRC signaling For this type of signaling, a predefined sounding bandwidth is used and PUSCH bandwidth will follow predefined sounding bandwidth. There is not any dynamic overhead for this signaling scheme.
· Layer1 + RRC signaling (hybrid signaling) For this scheme, dynamic signaling can be used to trigger sounding by using a PDCCH. Additional sounding parameters such as bandwidths, timers etc can be configured via RRC signaling. Thus signaling overhead is considerably reduced compared to the case where only Layer 1 signaling is used and one can take the advantage of fast activation of dynamic signaling [6]. 
4 Performance evaluations
When using DMRS for sounding UEs, there might be some impact on PUSCH throughput due to inter-cell and intra-cell interference if sounding UE and PUSCH UE are multiplexed. The impact of intra-cell interference was previously shown in [2] by link level system evaluations and the results showed 2-6% throughput loss for high SNR UEs, depending on the near-far ratio between sounding and PUSCH transmitting UE. It is however important to notice that by proper scheduler implementation this interference can be under control. For instance, as MU-MIMO exists in Rel. 8 it is expected that eNodeB have already proper algorithms to handle both inter-cell and intra-cell interference.
Also system level simulations were conducted to analyze the effect of inter-cell and intra-cell interference where UEs are scheduled first to transmit PUSCH and subsequently sounding via DMRS is scheduled from the pool of UEs that were not scheduled to transmit PUSCH. At most one sounding UE were multiplexed (i.e. paired) with each PUSCH transmitting UE and paired UEs have the same bandwidths (e.g. separation by cyclic shifts is possible). 
Three different scenarios were considered for simulations to get different pictures on the interference by sounding using DMRS: 

· 1 SRS: Maximum 1 SRS transmitting UE randomly paired with maximum 1 PUSCH transmitting UE.
· 2 SRS: Maximum 2 SRS transmitting UEs randomly paired with maximum 2 different PUSCH transmitting UEs.
· 3 SRS: Maximum 3 SRS transmitting UEs randomly paired with maximum 3 different PUSCH transmitting UEs.
Additional simulation assumptions which are following agreements described in TR36.814 [7] for 3GPP case1 scenario are listed in Table 1.
In Figure2, the SINR distribution measured on DMRS for these three different cases is shown together with the case where there is no SRS multiplexed with DMRS. It can be seen from this figure that the additional intra-cell and inter-cell interference generated on DMRS by the introduction of sounding using DMRS leads to a SINR reduction below 1 dB and can therefore safely be neglected. Therefore, the corresponding cell average and cell edge throughput loss are also negligible. 
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Figure 2: SINR distribution observed on DM-RS corresponding to adding one, two or three sounding UEs multiplexed with PUSCH transmitting UEs.
In our previous contribution [3], we have reported a throughput loss of maximum 1.5% for very high signal to noise ratios due to intra-cell interference. This loss is not visible in system level simulations as this value has been obtained by multiplexing SRS with DMRS for each sub-frame which is not the case here (sounding is performed over one sub-frame only if there is some UE which is not scheduled to send PUSCH). More over this loss happens only for very high SNR which has a marginal probability in the system simulations. 
5 Conclusions

In this contribution we discussed first some advantages of sounding independently from PUSCH transmission of UE. We have also addressed open issues related to this method including: 
· Possible signalling schemes: Different possibilities including dynamic, semi-static and hybrid signalling have been discussed by comparing related overhead and scheduling restriction.
· Inter-cell interference: It has been shown by simulations that cell edge and cell average throughput loss related to this scheme is not considerable. 
6 Appendix
	Parameter
	Assigned Value

	Deployment scenario
	3GPP case 1 (CF: 2GHz, ISD: 500m)

	Duplex and System bandwidth
	FDD 10 MHz

	Cellular layout
	Hexagonal grid, 19 cell sites, 3 cells per site

	Number of UEs per cell
	10

	Maximum UE Tx power
	24 dBm

	Antenna configuration
	2x4

	eNB antenna configuration 
	co-polarized (4 wavelength separation)

	UE antenna configuration
	co-polarized (0.5 wavelength separation)

	Distance-dependent path loss
	128.1 + 37.6log(R) 

	Network synchronisation 
	Yes

	Channel model
	SCME

	Channel estimation
	Non-ideal 

	Moving speed
	3 km/h

	Traffic model
	Full buffer

	Scheduler
	Channel dependent in frequency domain, with contiguous resource allocation.

	Link adaptation
	Based on Rel.8 SRS measurements, 5 msec periodicity, SRS bandwidth of 12 RBs.

	SRS multiplexing configurations
	1 SRS : At most 1 SRS transmitting UE randomly paired with 1 PUSCH transmitting UE
2SRS : At most 2 SRS transmitting UEs randomly paired with 2 different PUSCH transmitting UEs

3SRS: At most 3 SRS transmitting UEs randomly paired with 3 different PUSCH transmitting UEs

	SRS multiplexing bandwidth
	Same as corresponding PUSCH transmitting UE Bandwidth

	HARQ scheme
	Chase combining

	Power control
	Fractional TPC with
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	Receiver type
	MMSE with interference rejection combining

	Overhead
	4RBs for PUCCH feedback, 2 symbols DMRSs per subframe, 1 OFDM symbol for sounding RS per 5msec


Table 1: System level simulation assumptions
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