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Introduction
In the last RAN plenary (RAN#71), a work item on ‘Enhancements on Full-Dimension (FD) MIMO for LTE’ was approved [1]. One of the objectives of the work item is the possible enhancement of the uplink DMRS to allow more than 2 orthogonal ports to enable MU-MIMO with partially overlapping bandwidth allocations. This contribution summarizes the MU-MIMO support provided by the current uplink DMRS design [2] and provides some views on the considerations that may drive the possible enhancements to the design.
Current UL DMRS design
In the current system specifications in [2], PUSCH allocations to a UE can consist of up-to 2 clusters. Each cluster is contiguous in frequency, and can consist of up-to 4 layers, with the (per-cluster) DMRS occupying all the REs in the 4th and 11th symbols in each of the allocated RBs. The frequency-domain DMRS sequences for each symbol, with length equalling the number of REs per OFDM symbol in the allocation, are specified as follows. 
1. For allocations larger than 3 RBs, a ZC sequence is specified as the base frequency domain DMRS sequence; a CAZAC sequence is specified otherwise. The DMRS sequence corresponding to each layer is specified to be a cyclically-shifted version of the base sequence. 
2. 
A cover code of length 2, with possible values , is specified. The DMRS sequence for each layer, multiplied by the 1st and 2nd cover code elements, is mapped to the 4th and 11th OFDM symbols, respectively.   
The different cyclic shifts applied to the layer DMRS sequences yield a separation of the layer channel impulse responses (CIRs) in the time domain, enabling per-RE channel estimation for each layer. A larger relative cyclic shift difference yields a better CIR separation and better channel estimation performance; the largest possible such difference in the current design is 6.


In low-Doppler conditions, two DMRS layers with orthogonal cover codes (OCC,  and ) and occupying the same RE can be separated by adding and subtracting the received composite DMRS signals for that RE in the 4th and 11th symbols of each RB in the allocation. 
With the current design, the following capability can be achieved with a combination of layer cyclic shift and OCC values. 
1. Up-to 4 layer SU-MIMO, with a relative cyclic shift of 3 or 6 between layers per OCC. 
2. Up-to 2 UE MU-MIMO with up-to 2 layers per UE, with a relative cyclic shift of 6 between layers per OCC, with or without overlapping PUSCH allocations to the UEs.   
 
Considerations for UL DMRS enhancements 
1 
2 
If an UL DMRS enhancement is shown to be beneficial and to be specified for Rel.14, the following aspects need to be taken into account. 
1) Two options for the UL DMRS enhancements may be considered w.r.t backward compatibility.
a. Pre-Release 14 UEs can be multiplexed together with Release 14 (and beyond) UEs.
b. Only Release 14 (and beyond) UEs can be multiplexed.  
Among these two options, the former option is more desirable than the latter. 

2) The enhanced design should attempt to re-use as much of the current design as possible. 
a. The DMRS sequences, namely, the CAZAC and the ZC depending on sequence length, as well as the methodology used to generate them as described in Section 5.5.2.1 of [2], should be maintained. 
b. 

The mapping from the cyclic shift field in the uplink-related DCI format to the and the  parameters (defining the DMRS sequence cyclic shift and OCC values, respectively), as defined in Table 5.5.2.1.1.-1 in Section 5.5.2.1 of [2], should be maintained as much as possible.  

Conclusions 
3 
4 
In this contribution, the current UL DMRS design, as well as the capabilities it offers w.r.t support for MU-MIMO with non-overlapping bandwidth allocations, were summarized. If an UL DMRS enhancement is shown to be beneficial and to be specified for Rel.14, backward compatibility support as well as a recommendation to re-use the current design as much as possible is desirable.    
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