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1. Introduction
In RAN1#84bis, a way forward [1] on evaluation assumptions was agreed and following conclusions are drawn: 
Conclusions:

· 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 discuss the possible UL DMRS enhancements listed above.
2. Discussion  
Several possible UL DMRS enhancements schemes were proposed in previous RAN1 meeting, here we analyze some of schemes below.
IFDMA DMRS with a comb number of 2 and/or 4

Figure 1 shows an illustrative diagram of FDM DMRS and legacy DMRS. For example, there are 2 combs and two UEs with different bandwidths are multiplexed using comb1 and comb2, on top of it 2 OCCs can be used to multiplex UEs further. It is also possible to multiplex legacy UE and Rel-14 UEs, two Rel-14 UEs are multiplexed using two combs but use same OCC and are multiplexed with one legacy UE using different OCC. Number of orthogonal DMRS with different bandwidths is increased with this scheme, however due shortening of DMRS sequence length scheduling smaller bandwidth, e.g. 1 PRB, will be problematic. It can be assumed that UL MU-MIMO is more relevant to larger bandwidth allocation.
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Fig. 1, FDM, OCC multiplexing of legacy and Rel-14 UEs
More DMRS symbols (with or without larger OCC)
In [3], an enhanced scheme with more DMRS symbols was discussed. For example, 2 more columns of DMRS are introduced on top of legacy DMRS, which increases the number of orthogonal DMRS, however overhead also increases significantly thus overshadowing the gain of MU scheduling. Another point of concern is backward compatibility, new DMRS symbols will have impact on with legacy UEs in neighboring cell. 
Enhancement of DMRS sequence generation, including DMRS transmitted in a wider BW than the associated PUSCH
Enhanced DMRS sequence is another scheme which deserves further investigation. DMRS bandwidth could be larger than PUSCH bandwidth, such that multiple co-scheduled UEs occupy a common DMRS bandwidth which they have different PUSCH bandwidth. With this, non-orthogonality issue with DMRS for co-scheduled UEs with different PUSCH bandwidth automatically disappears. However, some extra signaling is needed to indicate the DMRS bandwidth and impact of lower DMRS EPRE to PUSCH performance should be evaluated. With this scheme, Rel-14 UEs and legacy UEs can be easily co-scheduled.
Frequency domain OCC
In [2], an enhancement scheme of frequency domain OCC was discussed. It is not clear if OCC is applied over current DMRS sequence or simply introducing completely new sequences based on orthogonal cover codes. If the motivation is to make the DMRSs orthogonal within a PRB in frequency domain using shorter OCC codes then it should be clarified how many UEs can be multiplexed and correlation properties of OCC codes compared to current DMRS sequence should also be investigated, which will have impact on uplink channel estimation performance. And, how to co-schedule Rel-14 UEs and legacy UEs is yet another aspect to be studied.
Observations: from the above discussion, IFDMA with combed DMRS and enhanced DMRS sequence with DMRS BW wider than PUSCH are viable options which deserve further investigation.
3. Conclusions
In this contribution we discussed a few possible DMRS enhancement schemes and we have following observation: IFDMA with combed DMRS and enhanced DMRS sequence with DMRS BW wider than PUSCH are viable options which deserve further investigation.
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