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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. 
[bookmark: _GoBack]This contribution summarizes some of the discussions w.r.t design enhancement techniques in the previous meeting (RAN1 #84-bis), and provides our views on their prioritization going forward.   
UL DMRS Enhancement Alternatives
Several enhancement techniques were discussed in RAN1 #84-bis [3-7]; simulation evaluation assumptions for a comparison of the techniques were agreed upon [8] (also [9]). After the discussion, the following conclusion was agreed. 
· 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

The pros and cons of the above proposals are analysed below:
1. Usage of two separate DMRS sequences on the overlapping and non-overlapping portions of the allocation, where the sequences in each portion are orthogonal; variants of this technique were discussed in [3, 4]. 
a. A drawback of this technique would be the increase in signalling overhead due to the need to indicate up-to two DMRS sequence cyclic shifts per allocation, as has been noted in [3]. Such a technique would necessitate significant changes to the existing signalling structure.  
2. OCC length extension in the time domain:
a. An extension technique, in which four DMRS symbols across two adjacent sub-frames are utilized, along with an OCC of length 4, is described in [5]. Such a technique would require TTI bundling, i.e., would not be applicable to a single sub-frame allocation.
b. A technique in which two additional DMRS symbols are introduced in each sub-frame, thus taking the total to 4 DMRS symbols per sub-frame, is described in [6]. As pointed out in [6], this greatly increases the DMRS overhead; [6] also mentioned issues related to the interference from the legacy PUSCH transmissions in neighboring cells.
3. Comb-like or IFDMA techniques: Techniques whereby the DMRS sequence for an allocation occupies a partial set of the REs in each RB, e.g., every other RE, thus increasing the number of orthogonal sequences, were discussed in [3-7]. This is similar to the SRS design, wherein the SRS occupies consecutive REs in each RB it is present in. 
In this technique, the length of the DMRS sequence equals the number of RBs divided by the RPF factor; an RPF factor of 2, for example, implies the usage of every other RE in the RB.  
a. One of the issues noted with this approach is its un-suitability w.r.t small (very few RB, e.g. 1 RB) allocations, due to the short DMRS sequence leading to poor channel estimation in such cases. 
b. Effective DMRS density under this alternative is lower by a factor of RPF than the legacy DMRS, as those REs not mapped with DMRS need to be muted so that other UEs can use those REs for DMRS mapping. This would cause DMRS channel estimation performance loss. For example, if RPF is two, the MSE may drop by 3 dB owing to the smaller DMRS density. However, as the main scenario for the study is likely to be in the higher SNR regime – UL-SDMA is likely to be scheduled for high-SNR UEs – the PUSCH decoding performance loss due to the reduced DMRS density may not be very high. 

1 
If an UL DMRS enhancement is shown to be beneficial and to be specified for Rel.14, the enhanced design should attempt to re-use as much of the current design as possible, with specific focus on the following. 
a. The per-RB overhead due to mapping UL DMRS (and maybe due to muting some REs in some proposals) should not be increased. 
b. 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. 
c. 

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.  

Among the enhancement techniques listed as candidates for evaluation in the previous meeting, comb- or IFDMA-based techniques have the potential to satisfy these requirements. Therefore, the study of comb-based designs with RPF-2 can be prioritized going forward. 
Conclusions 
2 
3 
In this contribution, some of the discussions w.r.t possible enhancement techniques in the previous meeting, RAN1 #84-bis, were summarized. 
Proposal: If an UL DMRS enhancement is shown to be beneficial and to be specified for Rel.14, comb-based enhancement techniques are proposed to be prioritized for study, with an emphasis on re-using as much of the current design as possible.    
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