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1
Introduction
With the densification of small cells, it is likely that some UEs may be very close to one or more small cells and hence may have good channel conditions. In this contribution, we will investigate potential UL DM-RS overhead reduction schemes under small cells.
2
Discussion
In Rel-11, one major difference between DL DM-RS overhead and UL DM-RS overhead is rank-dependency. In particular, in DL, there are only 12 DM-RS REs for rank 1 and rank 2 PDSCH transmissions, while there are 24 DM-REs for rank 3 and above PDSCH transmissions. However, DM-RS for PUSCH is present in one entire symbol per slot, regardless of the number of layers associated with PUSCH transmissions. Under normal CP, the amount of DM-RS overhead for PUSCH can be computed as:

· If the last symbol is available for PUSCH, the relative DM-RS overhead is 2/14 = 14% for all PUSCH ranks

· If the last symbol is not available for PUSCH, the relative DM-RS overhead is 2/13 = 15% for all PUSCH ranks

This is in comparison with the 7% DM-RS overhead for rank 1 and rank 2 PDSCH transmissions.

In Rel-12, with the densification of small cells, it is likely that some UEs may experience good channel conditions due to close proximity to one or more small cells. As a result, there are motivations to consider potential UL DM-RS overhead reduction for these scenarios. 
While reducing DM-RS overhead in UL, single-carrier waveform property has to be kept. One possible way of doing so is to enable DM-RS and UL-SCH data multiplexing in the same symbol, as illustrated below, where to enable orthogonal multiplexing between DM-RS and UL-SCH, some cyclic prefix for data can be inserted in between.
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Figure 1 Possible DM-RS and UL-SCH data in one symbol

With this approach, DM-RS overhead can be reduced approximately by half, or 7% to 7.5%, which is twice the amount of reduction if a similar reduction factor is adopted for DL DM-RS overhead reduction. This overhead reduction can be limited to low rank PUSCH transmissions (rank 1 and/or rank 2), such that the same or similar rank-dependent DM-RS overhead as in DL can be realized in the UL as well.

As a result, we propose:

· Proposal: Consider some UL DM-RS overhead reduction especially for low rank PUSCH transmissions, while maintaining single-carrier waveform.

3
Conclusions 

In this contribution, we discussed potential UL DM-RS overhead reduction techniques in the context of small cells. Different from DL DM-RS, UL DM-RS overhead is not rank dependent. For rank 1 and rank 2 PUSCH transmissions, the UL DM-RS overhead is around 14-15%, offering good opportunity for some overhead reduction in the context of small cells. Therefore, we propose:
· Consider some UL DM-RS overhead reduction especially for low rank PUSCH transmissions, while maintaining single-carrier waveform.
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