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1. Introduction
One of objectives in [1] in Release 14 is to “Evaluate and, if needed, specify enhancement on Uplink DMRS enhancement, to support (more than 2) orthogonal DMRS for MU-MIMO with partially overlapping BWs allocation”. In RAN1#84bis meeting, proposals for UL DMRS enhancement were raised, with following conclusion in [2].

· Consider the following possible DMRS enhancements in the evaluation:

· IFDMA DMRS with a comb number of 2 and/or 4

· More DMRS symbols (with or without larger OCC), e.g.:

· IFDMA DMRS subcarriers with PUSCH REs, or 

· across 2-subframe pairing

· Enhancement of DMRS sequence generation, including DMRS transmitted in a wider BW than the associated PUSCH

· Frequency domain OCC

· Other solutions are not precluded 

· Companies are to state their Rel-13 baseline scheme. 

In this contribution, we have analyzed specification impact for above mentioned UL DMRS solutions up to our understanding. Moreover, evaluation results of UL DMRS enhancement following agreed simulation assumptions in [2] are also presented in this paper. 
2. Specification Impact of UL DMRS Enhancements
· IFDMA DMRS with a comb number of 2 and/or 4
IFDMA can be used to separate MU-MIMO UE’s DMRS in odd and even subcarriers [3-8], which may be more or less similar with UL SRS comb and associated restriction of allocated PRBs. The advantage of using IFDMA DMRS is to support orthogonal DMRS and sequence group hopping simultaneously, which cannot be done by exiting OCC2 design. Some specifications need to be modified, e.g. PUSCH resource allocation has to be an integral multiple of 2 or 4 depending on the comb number, if existing DMRS sequence generator is reused. It may lead to minor UL PUSCH scheduling restriction.  
· More DMRS symbols (with or without larger OCC)
· across 2-subframe pairing 
One way to support more orthogonal DMRS is to extend OCC2 to OCC4 across 2 subframes [7]. OCC4 can be considered to backward compatible so that legacy UE and Rel 14 UE can be paired for UL MU-MIMO with partial overlapped BW. OCC2 is a subset of OCC 4 sequences. The possible restriction is that UL MU pairing with 2 subframes may enforce a certain scheduling constraints like TTI bundling so that UE paring needs to be aligned at time domain for a number of subframes.    

· IFDMA DMRS subcarriers with PUSCH REs
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One way to support more orthogonal DMRS is to introduce additional DMRS symbols, with OCC2+TDM or OCC4 [3,5]. However, it is unavoidable that new DMRS symbols will interfere with PUSCH transmission. Therefore a certain scheduling restriction is needed for those PRBs carrying new DMRS symbols. 
· Enhancement of DMRS sequence generation, including DMRS transmitted in a wider BW than the associated PUSCH
It is possible to enhance DMRS sequence generation by considering a sequence length of DMRS longer than associated PUSCH [8]. A common DMRS bandwidth will cover multiple UE UL resource allocations and each UE’s DMRS sequence is extracted from such a common DMRS sequence somehow. It seems to be able to support multiple UE paring and arbitrary sizes of PRB allocation per UE. However it may need to study further how to perform such a DMRS sequence extraction per UE to maximize DMRS orthogonality among overlapped PRBs.       
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· Frequency Domain OCC
Similar with time domain OCC, it is possible to do frequency domain OCC for adjacent REs in addition to existing OCC2 based on two slots [8]. It is expected some minor specification changes related to DMRS sequence mapping to physical resources. However if existing DMRS sequence generator is reused, similar scheduling restriction like IFDMA may be applied so that PUSCH resource allocation has to be an integral multiple of 2 or 4. 
3. Evaluation of UL DMRS Enhancements
It will be updated shortly. 
4. Conclusions
In this contribution, we present our view on the specification impact of possible UL DMRS enhancement.
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