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1 Introduction
Sounding reference signal (SRS) enhancement for Rel.10 was under consideration in recent RAN1 meetings and within related email discussions. It was identified in [7] that if Rel.8 type of sounding using semi-static configured SRS are used, then the number of sounding resources are not enough to meet the LTE-A requirements on supported number of UEs due the introduction of multi-antenna UEs in Rel.10, due to the working assumption of antenna-specific sounding reference signals.
Another issue with the increased utilization of SRS is the increased amount of inter-cell interference experienced by SRS in the case of high cell load. This limits the performance of multi-antenna sounding, especially at the cell edge ([2], [3] and [5]). In order to overcome these limitations, two categories of solutions have been proposed. The first category consist of more flexible sounding resource management ([6],[2]), by using dynamic and aperiodic sounding resource allocation. The second category consists of adding new sounding resources to the resources already available by Rel. 8 SRS ([1],[4]). Note that these two categories does not exclude each other and in this contribution, we focus on the second category of solutions.
As an efficient way of adding more sounding resources, the use of non-precoded and antenna specific DMRS to send reference signals for sounding was proposed in [1]. Since the DMRS are multiplexed by using CDM (and eventually also by using OCC), this method provides additional sounding resources not only in empty resource blocks but also in the same resource blocks as a UE transmitting PUSCH. This resembles uplink MU-MIMO but with the difference that only one of the co-scheduled UEs is transmitting PUSCH (but all co-scheduled UEs transmit DMRS). Due to this code multiplexing between UEs/antennas, no PUSCH resources are “stolen” to perform sounding, the resources are already there from Rel-8 structure, but unused. Hence, this is an attractive way to increase the sounding capacity without degrade the uplink PUSCH capacity. 

In this contribution, we further add more results to the already presented in [1] and investigate the performance of using DMRS for sounding by analysing its robustness due power differences between the PUSCH transmitting UE and sounding UE (which may occur due to a near far effect and due to individual power control). 
2 Using DMRS for sounding
It has been suggested [7], [8] and [2] to utilize DMRS as a resource for sounding. This approach has some advantages and disadvantages which are discussed in more detail here:

Advantages:
· Increases the sounding capacity Since most of the orthogonal DMRS resources for Rel-8 are unused, this solution increases the sounding capacity and utilization of the uplink bandwidth. Moreover, due to the use RPF=1 for DMRS, adjacent cyclic shifts are more robust against CDM interference than SRS which use RPF=2. This was shown by simulations in [1]. Hence, sounding on DMRS allows for a more efficient use of the sounding bandwidth compared to using SRS. 
· Avoid PUSCH capacity reduction Using DMRS for sounding does not reduce the PUSCH capacity since if a sounding UE is co-scheduled with a PUSCH transmitting UE, unused and orthogonal cyclic shifts of the DMRS sequence are used to multiplex the UEs and antennas. 
· Improves sounding performance As mentioned above, due to RPF=1, sounding performance using DMRS is better compared to SRS, unless the channel is perfectly flat over the sounding bandwidth, in  which case the performances are comparable.
· Reduces interference on SRS As discussed in [5],[2], the SRS interference can be considerable in Rel-10, due to the multi-antenna operation. Moving part of the sounding to DMRS will help the reduction of inter- and intra-cell interference on Rel-8 SRS. 
Disadvantages:

· Additional PDCCH overhead Since the sounding using DMRS needs to be scheduled with an UCI containing PRB allocation and CS, the signaling is very similar to a normal PUSCH scheduling request (except the need for PMI, Rank and TBS indication) and additional PDCCH resource usage is needed. One possibility to solve this problem is to consider semi-static allocation of the sounding using DMRS [8]. The sounding resource management needs to be further studied.
· Increased Inter-cell interference on DMRS Similar to the use of uplink MU-MIMO in Rel-8, the more aggressive use of the uplink resource (in this case the DMRS), will increase the Inter-cell interference. As UL MU-MIMO already exists in Rel-8, it is expected that the eNB already have algorithms to handle this Inter-cell interference situation with proper power control.  
· Equal resource allocation constraint A sounding UE and PUSCH transmitting UE must be allocated the same PRB resources to preserve the orthogonality between their corresponding DMRS sequences. However, if OCC is adopted for DMRS in MU-MIMO transmission, OCC can also be used to orthogonalize sounding and PUSCH UEs with non-equal resource allocation, as is suggested for uplink MU-MIMO. The decision of OCC is however still pending in RAN1. 
3 Performance evaluations

In this section, we present additional simulation results of the impact of co-scheduling a multi-antenna PUSCH transmitting UE and a multi-antenna sounding UE in the same bandwidth, separated by cyclic shifts.

As the power control of co-scheduled UEs may have some errors and the UE transmit power setting is an eNB control issue, it is useful to investigate the impact on the PUSCH transmitting UE when the received power of the two UEs are not equal (as was assumed in [1]).  This can be seen as a near-far effect and the case where we have a UE with two transmit antennas transmitting one or two DMRS depending on selected rank was considered. This UE was multiplexed with a UE transmitting sounding using DMRS with two transmit antennas using two cyclic shifts. Hence, up to four cyclic shifts were utilized. Further simulation assumptions are described in the Appendix.
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Figure 1: Throughput loss due to the near-far effect when we consider different received power relation between sounding UE using DMRS and PUSCH transmitting UE
In Figure 1, the uplink throughput is given as a function of received SNR for the PUSCH transmitting UE at different power ratios between sounding and PUSCH transmitting UE. We observe from that a power ratio equal to 5 dB (i.e. SIR= -5 dB), gives a throughput loss about 2.6 % for SNR equal to 24 dB and a power ratio equal to 10dB results 6% of throughput loss. Therefore, this approach is quite robust to near-far effect even if there is an important power difference between SRS and DMRS. For smaller SNRs, the throughput loss is even smaller than this so the negative impact is very limited. This is due to the fact of using orthogonal DMRS to separate the sounding from different transmitting antennas.
4 Conclusions

In this contribution, we discussed using DMRS for sounding. It has been shown that this approach has the advantage of: 

· Increasing the sounding capacity without PUSCH capacity reduction 
· Improving sounding performance 
· Reducing load/interference on Rel-8 SRS 
· Being robust to near-far effect
The remaining issues to be further analyzed and studied are
· Resource management and how to schedule sounding using DMRS
· Inter-cell interference on DMRS used for PUSCH
Moreover, if different bandwidths can be allocated for sounding UE and PUSCH transmitting UE depends on the decision of introducing OCC for DMRS in MU-MIMO case.  

5 Appendix
	Parameter
	Assigned 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
	2 DMRS + 2 SRS (CS= 0,3,6,9)

	Codebook for Precoding
	2 Tx Codebook

	HARQ Scheme
	CC According to 36.212

	Number of Maximum Retransmission 
	3

	DMRS and SRS Transmission BW
	5 RB 

	Rank Adaptation
	Yes


Table 1: Simulation assumptions
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