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1 Introduction

At RAN#51, study item on UL MIMO enhancements was agreed [1], and one objective is to study and evaluate enhancement of the uplink reference signals in three aspects as

· Frequency hopping with or without multi-shot SRS

· Aperiodic sounding based on non-precoded DMRS

· RS enhancement for cell-edge UEs, e.g., Orthogonal DMRS among cells  

In this contribution, our considerations on these aspects are presented.
2 Frequency hopping and multi-shot for A-SRS
It is well-known that, with the help of frequency hopping, wider bandwidth can be sounding, and this is very important for UL scheduling in frequency domain. Moreover, with frequency hopping, A-SRS can be multiplexed with period SRS easily. Frequency hopping has been supported for period SRS in Rel-8, so in our view, it is natural that the same mechanism is reused for A-SRS.
For multi-shot mechanism, the motivation is to improve channel estimation for UE with limited transmitting power. In order to achieve an accurate sounding, a sequence of SRS can be transmitted during coherence time, maybe together with frequency hopping to cover the target bandwidth. In order to support multi-shot A-SRS, a specific A-SRS configuration is required, which will bring limitation on the assignment flexibility of A-SRS. As A-SRS can be triggered by DL/UL DCI in Rel-10, the function of multi-shot can be realized by multiple A-SRS triggering in most scenarios, except the case with sparse transmission in both UL and DL. Therefore, more evaluations should be performed on the throughput improvement with considerations of power consumption and signalling overhead to show whether the multi-shot mechanism is required or not.
Proposal 1: Frequency hopping is needed for A-SRS, but multi-shot mechanism seems slightly unnecessary unless it is justified with considerations of application scenario and performance evaluation.
3 DM-RS based enhancement for A-SRS
Multiple-port sounding, which has been supported in Rel-10, is necessary for UL close-loop MIMO, and it can be expected that the cost of SRS resources is very high. For the new cases as CoMP and HetNet, much more SRS resources may be needed. Therefore, there is an increasing requirement on SRS capacity enhancement especially as additional SRS resources. For PUSCH transmission, only few cyclic shifts are used by DM-RS, and lots of cyclic shifts are remained which can be utilized for sounding. Employing DM-RS resources for A-SRS capacity enhancement makes the best of existing resources, which is the main advantage. However the influence on PUSCH from the new A-SRS should be considered.
It is straightforward to employ OCC to separate PUSCH DM-RS and new A-SRS, but it seems restricted  in case of PUSCH with rank>2 or V-MIMO. An additional solution is to use cyclic shift and it requires the same sequence shared by them. From this perspective, dynamic configuration by grant seems more preferred than semi-static configuration as Rel-8 for the new A-SRS. Based on DCI, separate or simultaneous transmissions of PUSCH and new A-SRS can be triggered flexibly for a UE. Addition signalling may be required to support this dynamic A-SRS, so the trade-off between flexibility and signalling overhead should be considered.
Proposal 2: Residual DM-RS resources can be utilized for A-SRS in a dynamic way through grant.
· OCC and cyclic shift are used to separate A-SRS and PUSCH DM-RS.

· Trade-off considerations should be put on triggering flexibility and signalling overhead.

4 DM-RS enhancement for cell-edge UE
In Rel-8, by HII and OI, FDM and dynamic power control are employed for UL inter-cell interference suppression. However, UL inter-cell interference cannot be avoided completely, especially as interference from cell-edge UE. For the cases as HetNet and UL-CoMP, the interference will become more serious and complicated. Therefore, advanced UL interference suppression should be studied in Rel-11, and efforts should be put on DM-RS firstly.
In the case of UL-CoMP, cell-edge UEs belong to neighbour cells can be paired to perform in MU-MIMO mode, in which most interference can be suppressed and most CoMP gain can be achieved. For cell-edge UEs, low-rank transmission mode is often employed, so it is straightforward to use OCC to orthogonalize paired UEs’ DM-RSs. In other cases, OCC may be not enough and other methods are needed, as cyclic shift and IFDMA [2]. Cyclic shift requests that same base sequence is used for neighbour cells, so corresponding signalling interaction between cells may be needed. Possibly, a new cell-group-specific base sequence shared by multiple cells can be defined. If IFDMA is introduced, DM-RS orthogonalization among different base sequences can be achieved easily, so scheduling can be performed more flexibly than cyclic shift.
Proposal 3: Orthogonalization schemes should be studied for interference suppression for cell-edge UE, e.g. OCC, cyclic shift, and IFDMA. Cell-group-specific sequence can also be considered if necessary.
5 Conclusions

In this contribution, considerations on UL-RS were shown. Our views are listed as:
· Proposal 1: Frequency hopping is needed for A-SRS, but multi-shot mechanism seems slightly unnecessary unless it is justified with considerations of application scenario and performance evaluation.
· Proposal 2: Residual DM-RS resources can be utilized for A-SRS in a dynamic way through grant.
· OCC and cyclic shift are used to separate A-SRS and PUSCH DM-RS.

· Trade-off considerations should be put on triggering flexibility and signalling overhead.

· Proposal 3: Orthogonalization schemes should be studied for interference suppression for cell-edge UE, e.g. OCC, cyclic shift, and IFDMA. Cell-group-specific sequence can also be considered if necessary.
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