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1. Introduction

There have been concerns that the required resources for uplink RSes (SRS and DM RS) may increase if UEs have multiple antennas, and some contributions consider defining precoded DM RSes in order to reduce the required code resources. In this contribution, we discuss pros and cons of the precoded RSes and non-precoded RSes.
2. Discussion
2.1. Considerations on DM RS
There are some proposals regarding precoded DM RSes in order to reduce the code resources for DM RSes and to get beam forming gain at DM RSes. However, it is difficult to reuse the unused DM RS resources for other purposes (e.g. carrying the data), in addition, DM RSes could be used for sounding the uplink channel as well as for demodulation of the PUSCH. Although the reduction of the code resources by using precoded DM RSes is important for supporting high order UL MIMO, precoded DM RS has also demerits. Thus, we suggest investigating carefully on the pros and cons of precoded/non-precoded DM RSes at this stage of LTE-A.
Followings are pros and cons of the precoded/non-precoded DM RS.
· Precoded DM RS

· Pros

· The power density of the DM RS could be larger due to the beam forming gain

· The code resources for the DM RS can be reduced

· Cons

· DM RS can’t sound the UL channels

· Non-precoded DM RS

· Pros

· Could be used for sounding the UL channels

· Cons

· Couldn’t get the same beam forming gain as the data part if precoding is applied at UL data
· More code resources are required if precoding is applied at UL data
2.2. Considerations on Sounding RS
Some papers propose that sounding RS should not be precoded in order to estimate the raw channels in UL, however, the resources for sounding RSes are more critical than DM RSes since all the active UEs may be configured to send the sounding RSes in UL. In addition, the reduction of  the time-frequency resources for sounding RSes makes these resources used 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 RSes in the system.
In order to estimate the raw channels in UL for PMI/RANK optimization, the equal number of the orthogonal sounding RSes is required for both precoded/non-precoded sounding RSes, thus, we believe precoded sounding RSes are also worth considering. If more frequent estimation for CQI is required than the optimization of the PMI/RANK, the precoded sounding RSes could reduce the time-frequency/code resources in UL.
· Precoded sounding RS

· Pros

· If the appropriate PMI is applied, the power density of the sounding RS would be larger due to the beam forming gain

· The code resources for the sounding RS could be reduced

· Cons

· PMI for sounding RS should be indicated to the UE (implicitly or explicitly)
· Non-precoded sounding RS

· Pros

· No PMI indication is required for sounding RS
· Cons

· The power density of the sounding RS would be restricted because of no beam forming gain
· More code resources would be required if UE has multiple Tx antennas
3. Conclusion

In this contribution, we discuss the pros and cons of the precoded/non-precoded RSes. It is premature to stick to only precoded DM RS and non-precoded sounding RS. We suggest investigating for both options carefully in LTE Advanced.
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