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1 Introduction
In the current LTE system, PUSCH DMRS are mapped onto full scheduling bandwidth of 2 SC-FDM symbols in each TTI. The corresponding overhead is 2/14 = 14% in normal-CP and 2/12 = 17% in extended-CP subframes. Hence, there seems to be room to improve UL throughput by reducing PUSCH DMRS overhead, especially when considering relatively stable channel conditions that may materialize in small cells.
This contribution discusses alternatives and challenges for PUSCH DMRS overhead reduction. 
2 Alternatives for PUSCH DMRS overhead reduction
Alt 1: Reduction of SC-FDM symbols for DMRS
One possible way of reducing PUSCH DMRS overhead is to convert one DMRS SC-FDM symbol to data SC-FDM symbol, whereby 7% overhead can be saved in case of normal CP. This option can preserve single carrier property for data SC-FDM symbols and maintain low PAPR for DMRS SC-FDM symbols. However, when relying on the reduced-overhead DMRS, the UL channels may not be reliably estimated in case inter-cell interference is high, because the intra-subframe sequence hopping and sequence group hopping cannot be applied on the single SC-FDM symbol with DMRS. 
Alt 2: Multiplexing data and DMRS in the frequency domain
Another way is to introduce a frequency comb for PUSCH DMRS and interlace data REs and DMRS REs in the frequency domain in the SC-FDM symbols where DMRS are mapped. As intra-subframe sequence hopping and sequence group hopping mechanisms can be maintained, the channel estimation reliability could be robust to inter-cell interference. However, the frequency-domain multiplexing of data and PUSCH DMRS breaks single-carrier property and increases CM. 
Alt 3: Multiplexing data and DMRS in the time domain
Another proposal to reduce PUSCH DMRS overhead is to multiplex data and DMRS in the time domain [1]. While this option can maintain single-carrier frequency, it introduces another type of overhead by inserting additional CP for RS, and anticipated spec impact is significant. 
3 Conclusion
This contribution has considered the following three alternatives of reducing PUSCH DMRS overhead:
· Alt 1: Reduction of SC-FDM symbols for DMRS
· Alt 2: Multiplexing data and DMRS in the frequency domain
· Alt 3: Multiplexing data and DMRS in the time domain
It is proposed to study further the pros and cons of the alternatives. 
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