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1. Introduction

The UL MIMO study item has been approved in RAN#51 meeting [1]. Within the approved study item a task on uplink DM-RS enhancements for Release 11 has been defined. In particular the uplink DM-RS enhancements should be studied for cell edge users and for non-uniform deployments scenarios such as heterogeneous networks and networks with distributed antennas.
In this contribution we provide our views on the potential enhancements for uplink DM-RS in Release 11 for such scenarios.
2. Discussion on the enhancements in uplink DM-RS for cell edge UEs
Channel estimation error is one of the main factors limiting the performance of cell edge users (users operating at low SINR). The channel estimation performance for such users can be enhanced in two ways:
· Increasing of the channel estimation processing gain

· Improving multi-cell orthogonality of the reference signals

Increasing of the channel estimation processing gain requires introduction of the additional reference signals. Since the reference signals sacrifices user throughput due to overhead such approach of improving cell edge user performance in general case may not be attractive. 

Another approach for improving of channel estimation performance in multi-cell interference-limited scenarios is the usage of orthogonal reference signals across multiple cells (planned sequence assignment). Such approach is already supported in Release 8-10 DM-RS design by semi-static disabling of SGH and assignment of the same base sequence to users of different cells. The orthogonality between reference signals is achieved by using different cyclic shifts or OCC for the users in different cells. It should be noted that such approach may substantially reduce DM-RS capacity per cell, because multiple cells are sharing the same base sequence. The DM-RS capacity reduction will eventually lead to per cell scheduling restrictions for the maximum number of co-scheduled UEs and/or the maximum number of allocated layers per UE, therefore degrading the overall system performance. For example, in Release 8-10 uplink DM-RS design allows co-scheduling maximum of 8 UEs (with one antenna) per set of cells with sequence planning by using 8 distinct cyclic shifts. This number can be increased to 12 by considering 4 additional cyclic shifts in the extended cyclic shift / OCC mapping table
Proposal 1: Study cell edge user performance improvement in the scenarios with planned base sequence assignment and extended cyclic shift / OCC mapping table
Another way for improving the number of orthogonal codes is consideration of multi-subframe processing with longer OCC (length > 2). Longer OCC codes with the same uplink subframe structure assume the uplink resource allocations with TTI bundling. For such allocations additional OCC sequences can be considered. For example, in the configuration with two bundled uplink subframes two additional OCC sequences of length 4 [1 -1, -1 1] and [1 1, -1 -1] can be introduced in addition to Release 8-10 OCC ([1 1, 1 1] and [1 -1, 1 -1]).
Proposal 2: Study cell edge user performance improvement in the scenarios with planned base sequence assignment with longer OCC in the allocations with TTI bundling
The proposed above approaches for improving multi-cell orthogonality of DM-RS require some coordination of the base sequences in different cells and disabling of SGH mechanism. To overcome these additional requirements Interleaved Frequency Division Multiplexing (IFDM) structure for UL DM-RS can be considered. However, this approach should be studied for backwards compatibility and the low PAPR requirement

Proposal 3: Study cell edge user performance improvement with IFDM DM-RS structure
3. Discussion on the enhancements in uplink DM-RS for non-uniform deployments
The DM-RS capacity problem mentioned in section 2 may be also relevant to non-uniform deployment scenarios with common cell ID [2]. Since the assignment of the base sequence is coupled with Cell ID (i.e. defined in cell-specific way), the same base sequence for DMRS is used across all distributed antennas. In order to increase the number of DM-RS sequences to avoid scheduling restriction higher number of orthogonal DM-RS sequences (described above) and/or UE-specific configuration of the base sequence may be considered.
Proposal 4: Study user-specific configuration of DM-RS sequence group for scenarios with distributed antennas and common cell ID
4. Conclusions

In this document we have provided our view on the potential uplink DM-RS enhancements in Release 11. The proposals for the following study are:
Proposal 1: Study cell edge user performance improvement in the scenarios with planned base sequence assignment and extended cyclic shift / OCC mapping table
Proposal 2: Study cell edge user performance improvement in the scenarios with planned base sequence assignment with longer OCC in the allocations with TTI bundling
Proposal 3: Study cell edge user performance improvement with IFDM DM-RS structure

Proposal 4: Study user-specific configuration of DM-RS base sequence for scenarios with distributed antennas and common cell ID
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