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1. Introduction

There have been concerns that the required resources for uplink RSs (SRS and DM RS) may increase if UEs have multiple antennas, and some contributions consider utilizing precoded DM RSs in UL in order to reduce the required code resources and get beam forming gain at DM RSs[1-3]. 
Regarding the reduction of the resources for SRS, [4] discusses the necessity of the L1-level reconfiguration for SRS in order to optimize the SRS overhead. However, there have not been any explicit discussions on how to reduce the SRS overhead itself in the past contributions.

In this contribution, we initiate the discussion for the usage of precoded SRS and consider the required signaling for supporting precoded SRS, since precoded SRS could be another possibility to reduce the SRS overhead in LTE-Advanced uplink[3].
2. Discussion
2.1. Possible usage of precoded SRS
To reduce the resources for sounding RSs is useful, since all the active UEs may be configured to send the sounding RSs in UL. In addition, the reduction of the time-frequency resources for sounding RSs makes these resources available for carrying UL data, which improves the spectral efficiency. 
Even if a UE has multiple antennas, one precoded sounding RS with a certain precoding vector can sound effective channels for the UE, thus, eNB can refine timing/power control and CQI estimation under the restriction that eNB will indicate the same precoding vector to the UE. On the other hand, it is difficult for eNB for refining power control and CQI estimation by using only one non-precoded sounding RS, if the UE has multiple antennas. In other words, precoded SRS has a potential to reduce the required resources for sounding RSs in the system.
In order to estimate the full channel matrix in UL for PMI/RANK optimization, the equal numbers of orthogonal sounding RSs as that of transmitting antenna ports are required for both precoded/non-precoded sounding RSs.

From the above considerations, we believe precoded sounding RSs are also worth considering. Given the granularity of MCS is denser than that for PMI/RANK eNB has more capability to adjust the MCS than that for PMI/RANK. So, in some scenarios, eNB would require more frequent update for CQI estimation in time domain than PMI/RANK estimation as shown in Annex. Hence, the precoded sounding RSs could reduce the time-frequency/code resources in UL depending on the configuration. Moreover, some level of beamforming gain can be expected by employing precoded sounding RSs in uplink.
Figure 1 explains the concept for how to reduce the SRS overhead by using precoded SRS when UE has 2 antennas. Only non-precoded SRSs are used in figures 1(a-1) and 1(a-2), although precoded SRSs are used in figures 1(b-1) and 1(b-2). We assume the same precoding vector set as for PUSCH SU-MIMO is reused for SRS. 
In figures 1(b-1) and 1(b-2), following PMI indication and SRS transmission periodicity indication are assumed.
· eNB explicitly or implicitly indicates PMIs to be used for SRS transmission
· PMIs should be orthogonal each other

· eNB configures multiple periodicities for SRS transmissions using different PMIs

For instance, in figures 1(b-1) and (b-2), 4 times precoded SRSs using PM1 are transmitted than the precoded SRS using PM2 in the time domain. If indicated PM1 is appropriate for data transmission, eNB can refine the uplink CQI at the every transmission timing of SRS1, and can update the PMI/RANK at the transmission timing of SRS2 which has longer periodicity than SRS1. Note that the single carrier properties per antenna are maintained in figure 1(b-1), although the CM per antenna would increase in figure 1(b-2). However, the SRS1’ and SRS2’ could be replaced by original SRS1 and SRS2 when they are transmitted simultaneously, in order to keep the single carrier properties per antenna also in figure 1(b-2).
In figures 1(b-1) and 1(b-2), the required resources for SRS transmission is reduced by 37.5% compared to figures 1(a-1) and 1(a-2) keeping the same frequency for CQI refinement.

If eNB doesn’t have any knowledge about uplink channel b/w eNB and UE (e.g., at the very initial phase of the communication), eNB can indicate “non-precoded” SRS for the UE by indicating (1, 0)T and (0, 1)T just same as PUSCH case.
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(a-1) Configuration example for non-precoded SRS (TDM) (b-1) Configuration example for precoded SRS  (TDM)
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(a-2) Configuration example for non-precoded SRS (CDM+TDM) (b-2) Configuration example for precoded SRS  (CDM+TDM)
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Figure 1 Possible configurations for non-precoded/precoded SRS
2.2. Required signaling for realizing overhead reduction using precoded SRS
In order to support overhead reduction using precoded SRS, following signaling is required.
· Indication of PMI used for SRS transmission
· Indication of multiple transmission periodicities for SRS transmission
2.2.1 Indication of PMI for SRS transmission
Both explicit and implicit indications of PMI for SRS can be considered.
For explicit indication scheme, eNB would indicate the PMI for SRS when it configures the SRS transmission for the UE (RRC signaling), or indicate by similar PDCCH signaling as in [4] (L1 signaling) as one shot or reconfiguration for SRS. RRC signaling is more reliable although PDCCH signaling can be used for fast reconfiguration of PMI for SRS.
For implicit indication scheme, the latest-used PMI for data transmission would be one possibility.
2.2.2 Indication of multiple transmission periodicities for SRS
For the indication of multiple transmission periodicities, similar scheme as in the periodic transmission for PMI/CQI and RANK in LTE could be used. Another possibility is to separate the periodicity field in RRC message for SRS1 and SRS2. Both options would be possible although further studies are required.
2.3. Example of typical usage of precoded SRS
One possible operation using precoded SRS is as following.
· eNB configures less-frequent 2 SRSs without precoding matrix (i.e., antenna specific SRS) for loose PMI/RANK update when UE does not have the data to be transmitted
· After eNB receives scheduling request from the UE, eNB configures precoded SRS by e.g. PDCCH for frequent CQI estimation
By applying the above operation, the total amount of REs used for SRS could be reduced.
3. Conclusion

In this contribution, we discuss the possibility for reducing the SRS overhead by utilizing precoded SRS. We assume the same precoding vector set as PUSCH SU-MIMO is reused.

Although further studies are required, we don’t see the merit of excluding precoded SRS in SI phase other than signaling overhead reduction. However, such signaling overhead aspects should be carefully discussed in WI phase rather than SI phase.
Since precoded SRS is one of promising techniques in LTE-Advanced for reducing SRS overhead, and it doesn’t affect the progress of other aspects, we propose to keep studying precoded SRS in RAN1 as well as non-precoded SRS.
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Annex 1

Figures 2 and 3 show the evaluation results on the time variation of optimum PMI and that of MCS, respectively. The definition of the PMI and MCS used for the simulation are shown in tables 1 and 2.

As shown in the simulation, due to the density difference between PMI and MCS, the index of the optimum PMI does not vary as fast as that of MCS. Hence, as discussed in section 2, precoded SRS could reduce the SRS overhead without reducing the accuracy of AMC. 
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Figure 2 Time domain variation of the optimum PMI in Uplink

(2Tx and 4Rx antennas, TU6, 3km/h, Ideal channel estimation, No antenna correlation)
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Figure 3 Time domain variation of the optimum MSC in Uplink

(2Tx and 4Rx antennas, TU6, 3km/h, Ideal channel estimation, No antenna correlation)

Table 1 PMI definition in the simulation in UL (Number of layers = 1)
	Codebook index
	Number of layers 
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Table 2 MCS definition in the simulation in UL
	MCS Index
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