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1 Introduction
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 of Rel.8 [1]. Introducing aperiodic sounding permits sounding the channels from a UE on demand with high flexibility and less delay compared to periodic sounding. 
An open issue is which resource to be used for the aperiodic sounding. With the introduction of Rel.10 multiple antenna UEs, there will be a risk of capacity and interference problem of the Rel.8 SRS and therefore it has been proposed to introduce additional sounding resources [5]. One possibility is to use the uplink DMRS for sounding [2][4]. Since the DMRS resources is already specified in the standard to support UL MIMO PUSCH transmission, and the corresponding channel estimation algorithms in the eNB will be implemented in any case, using the DMRS also for sounding [2]
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[4] is straightforward with seemingly no additional implementation complexity and very limited standardization effort for its introduction. What remains to be specified is the triggering mechanism of sounding using DMRS.
Using the DMRS for aperiodic sounding has some benefits, as no other UE or only a few other co-scheduled UEs in the cell are affected by interference from this sounding UE, as opposed to sounding using Rel.8 SRS which affects the reception from many sounding UEs. Hence, the sounding quality is expected to be better, which is important for multi-antenna UE sounding coverage where the power per antenna port is only a fraction of the total transmitted power. In addition, if one would use the Rel.8 SRS for aperiodic sounding then the sounding resources must be semi-statically reserved which is costly in overhead and goes against the dynamic sounding principle. 

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 control signalling and inter-cell interference evaluations. In the following sections we address the open issues and discuss the solution for sounding using DMRS.
2 Using DMRS for sounding
Since sounding requires antenna specific reference signals, the sounding must be non-precoded.  In [4] it was suggested to use non-precoded DMRS for sounding a multiple antenna UE at the same time it is transmitting PUSCH [4] also known as in-band sounding. 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 non-full rank transmission, the use of non-precoded DMRS needs to be explicitly signalled, e.g. in the UL MIMO grant. 

It is beneficial to be able to transmit non-precoded DMRS for sounding even if the UE is not transmitting a concurrent PUSCH, i.e. even if the UE is not transmitting data, also known as out-band sounding. This gives additional sounding possibilities with seemingly no additional implementation or standardization effort and the benefits are

· Sounding can be performed without transmitting data, e.g. for initiation of link adaptation
· Sounding can be performed wider than the PUSCH bandwidth, to allow for frequency selective scheduling
· Sounding of one UE and a PUSCH transmission UE or multiple sounding UEs can be done in  MU-MIMO fashion, using CS and OCC for UE and antenna separation

An example of how this can be used is shown in Figure 1 where the 3rd UE sounds a large bandwidth before it is scheduled a PUSCH transmission. Hence, frequency selective scheduling gain is obtained. Since CS and OCC separation is used between  the DMRS of 1st and 3rd and between 2nd and 3rd UEs respectively, the 3rd UE can sound a wide bandwidth dynamically without the need for empty sounding subframes. 
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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 PDCCH overhead to trigger such sounding using DMRS (when there is not a concurrent PUSCH transmitted) and also possible increase of intra-cell and inter-cell interference on DMRS. Different signalling methods are described in the following section and analysis of interference in Section 4.
3 Signalling of sounding using DMRS

To support sounding using non-precoded DMRS, with and without concurrent PUSCH transmission, different signalling schemes can be considered: 
· Layer 1 signaling If dynamic L1 signaling is used, then a PDCCH is needed to trigger each channel sounding UE. The UL MIMO DCI can then be used for sounding using DMRS both with and without a concurrent PUSCH transmission. In the grant,  the necessary CS and OCC is signaled and also the PRB resource allocation, making the sounding very flexible. If there is no concurrent PUSCH, the UE may ignore the TBS, NDI, PMI bits etc. Hence, by using signalling in the already existing UL MIMO DCI, there is no need to introduce new DCI formats for triggering of sounding and thus there is no need for additional blind decoding in the UE.

· RRC signaling For this type of signaling, a predefined sounding bandwidth is used and PUSCH bandwidth will need to follow the predefined sounding bandwidth, which is an undesirable scheduler restriction. There is however 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 (low payload)  PDCCH. Additional sounding parameters such as bandwidths, timers etc can be configured via RRC signaling. Thus signaling overhead is 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]. 
Since the layer 1 signaling can support sounding using DMRS with minimal standardization effort, it should be supported as the baseline. The use of hybrid signalling have some overhead benefits and needs to be further studied.

4 Analysis of interference
When using DMRS for sounding UEs, there might be some impact on PUSCH performance due to inter-cell and intra-cell interference, especially if sounding UE and PUSCH UE are multiplexed. It is however important to notice that by proper scheduler implementation this interference is under control. For instance, as MU-MIMO already is supported in Rel.8, it is expected that an eNB have already proper algorithms to handle both inter-cell and intra-cell interference.

Intra-cell interference: The impact of intra-cell interference was previously shown in [2] by link level evaluations and the results showed 2-6% throughput loss only for high SNR UEs, and the loss depends on the near-far ratio between sounding and PUSCH transmitting UE. 
Inter-cell interference: System level simulations were conducted to analyze the effect of inter-cell interference where firstly a group of UEs are scheduled to transmit PUSCH as in the normal scheduler and from the group of remaining UEs, sounding using DMRS is scheduled.  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: In each cell, there is maximum 1 UE transmitting sounding using DMRS and it is multiplexed with a random UE transmitting PUSCH.
· 2 SRS: In each cell, there are maximum 2 UEs transmitting sounding using DMRS and each of them are  multiplexed with a random UE transmitting PUSCH.
· 3 SRS: In each cell, there are maximum 3 UEs transmitting sounding using DMRS and each of them are  multiplexed with random UE transmitting PUSCH
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 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. It shall also be noted that these results are pessimistic since random pairing was used, a more intelligent pairing can be utilized to obtain even smaller losses.
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Figure 2: SINR distribution observed on DM-RS corresponding to adding one, two or three sounding UEs multiplexed with a corresponding PUSCH transmitting UE.
5 Conclusions

We suggest the following:
· Aperiodic and dynamic sounding using non-precoded DMRS is supported for both

· UE with concurrent PUSCH transmission 

· UE without concurrent PUSCH transmission 

· The baseline signalling to schedule this sounding is by using the UL MIMO grant

· Scheduling with a combination of RRC signalling and PDCCH triggering is FFS
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 8RBs.

	SRS multiplexing configurations
	1 SRS : maximum 1 SRS to be scheduled and the scheduled SRS is multiplexed randomly with 1 PUSCH
2SRS : maximum 2 SRS [0,1,2] to be scheduled and each scheduled SRS is multiplexed randomly with 1 PUSCH
3SRS: maximum 3 SRS [0,1,2,3] to be scheduled and each scheduled SRS is multiplexed randomly with 1 PUSCH

	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 symbol for sounding RS per 5msec


Table 1: System level simulation assumptions
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