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1 Introduction

In RAN1#84bis meeting, the following agreements and conclusions were made [1]:
Agreements:
· Evaluation assumptions on Slides 2 and 3. 

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, the possible schemes for UL DMRS enhancement are discussed. 
2 Potential UL DMRS enhancement
IFDMA DMRS with a comb number of 2 and/or 4
In Rel-13, SRS capacity was enhanced by increasing number of combs to 4. Similar to SRS, IFDMA DMRS can provide more orthogonal ports in frequency domain. Together with legacy OCC, IFDMA DMRS can support more pairing users with unequal RB allocation. With comb number of 2 or 4, 4 or 8 users can be paired for MU-MIMO with partially overlapping RB allocation respectively. 
Observation 1: IFDMA DMRS is a promising method to support more orthogonal partial overlapped UL DMRS ports in Rel-14.
Comb-like DMRS will decrease the length of sequence for DMRS with same scheduled RB number. If it is desired to reuse legacy DMRS sequences, the smallest granularity of scheduled RB number should be 2 and 4 for RPF = 2 and RPF =4 respectively. This will constrain the scheduling flexibility of eNB. Otherwise, DMRS sequence of new length need to be defined, e.g. searched by computer. Thereby, the major drawback for IFDMA DMRS is bandwidth limitation similar to SRS in the Rel. 8.
Considering the tradeoff between scheduling flexibility and design complexity, only limited RPF values can be considered for UL DMRS. And it is known that larger RPF value will introduce shorter DMRS sequence which leads to worse channel estimation upon the partial overlapped PRB(s). 
Based on these analysis, RPF = 2 and RPF = 4 just like SRS’s comb scheme can be firstly considered for UL DMRS, as shown in figure 1. With this assumption, maximum 8 multiuser pairing can be supported with partial overlapped RB allocation.   
Proposal: IFDMA DMRS is considered for DMRS enhancement 
· RPF = 2 and RPF = 4 can be first considered for UL DMRS.
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Figure 1 RPF=2 and RPF=4 for UL DMRS
More DMRS symbols (with or without larger OCC)
To support more orthogonal DMRS ports, another way is to introduce more symbols for DMRS. With additional DMRS symbols, TDM or CDM between pairing UEs can be adopted to support more orthogonal DMRS ports.  For TDM, every two DMRS symbols with OCC2 can support 2 paired UEs with partial overlapped RB allocation. For CDM, larger OCC, e.g. OCC 4 can be supported between 4 DMRS symbols. 

To increase number of DMRS symbols, one option is to add extra DMRS symbols in one subframe. However, additional DMRS symbols in one subframe will significantly increase the uplink DMRS overhead and reduce PUSCH throughput. In addition, those extra DMRS symbols for new UE will be interfered by legacy UE’s PUSCH in neighboring cells. 
More DMRS symbols can also be obtained by pairing DMRS symbols in 2 consecutive subframes. However, this will limit scheduling flexibility, since two-consecutive-subframe scheduling is required for paired UEs. If a paired UE is scheduled on one of the two subframes, the DMRS transmission on the other subframe will reduces available DMRS resource on some RBs in that subframe. Thereby, the performance and impacts of more DMRS symbols with or without larger OCC need to be carefully investigated.
Observation 2: For more DMRS symbols:
·  Additional DMRS symbols in the same subframe have impacts on the throughput of PUSCH, and are interfered by legacy UE’s PUSCH in neighboring cell.
· Pairing DMRS symbols in 2 subframes has impacts on the scheduling flexibility. 
Enhancement of DMRS sequence generation, including DMRS transmitted in a wider BW than the associated PUSCH
Currently only 2 UE with partial overlapped RB allocation can be supported through OCC. If the orthogonality of DMRS sequence in overlapping part is maintained by cyclic shift, more than 2 orthogonal DMRS can be supported in the overlapping part. To achieve this, enhancement of DMRS sequence generation is needed. For a UE, DMRS sequences may be independent in overlapping and non-overlapping part of allocated RBs. New DMRS sequence generation method need to be introduced, and more signaling overhead will be required to indicate the DMRS sequence generation. There are also impacts on the orthogonality and interference randomization between new DMRS sequence and legacy DMRS sequence in neighboring cell. CM is also another concern with new DMRS sequence generation method. 
Another method to support more orthogonal DMRS ports is common bandwidth allocation for DMRS of paired UEs. The DMRS of paired UE can be orthogonal easily through cyclic shift or OCC. However, it will result in a wider bandwidth for DMRS than for the associated PUSCH of a paired UE. And additional signaling is required to indicate RB allocation for DMRS. Besides, unequal bandwidth for DMRS and PUSCH means different transmission power for DMRS symbol and PUSCH symbol if same power per RE of DMRS and PUSCH is assumed. If it is allowed that the power per RE of DMRS can be lower than that of PUSCH, the power ratio between them should be informed to UE.
Observation 3: Enhancement of DMRS sequence generation requires more specification efforts. 

· Signaling overhead, inter cell interference and CM with new DMRS sequence generation should be taken into account.
· RB allocation and power ratio for DMRS need be informed to UE with common bandwidth allocation for DMRS of paired UEs. 
Frequency domain OCC

As discussed in [3], every adjacent K REs in frequency domain comprise one OCC set. That requires the sequences with length K in different OCC sets are the same for a UE, if one OCC is applied for these sequences.  The main issue is considerable CM rise by frequency domain OCC. It will limit the scenarios of using frequency domain OCC, e.g. only central cell users. Also, the impacts on the orthogonality and interference randomization between new DMRS sequence with frequency domain OCC and legacy DMRS sequence in neighboring cell need be considered.
Observation 4: For frequency domain OCC:
· Same sequences with length K in different OCC sets are required for DMRS of a UE.
· High CM limits usage scenarios of frequency domain OCC.
3 Conclusion
 In this contribution, the following are observed and proposed.
Observation 1: IFDMA DMRS is a promising method to support more orthogonal partial overlapped UL DMRS ports in Rel-14.
Observation 2: For more DMRS symbols:
·  Additional DMRS symbols in the same subframe have impacts on the throughput of PUSCH, and are interfered by legacy UE’s PUSCH in neighboring cell.
· Pairing DMRS symbols in 2 subframes has impacts on the scheduling flexibility. 
Observation 3: Enhancement of DMRS sequence generation requires much specification efforts. 

· Signaling overhead, inter cell interference and CM with new DMRS sequence generation should be taken into account.
· RB allocation and power ratio for DMRS need be informed to UE with common bandwidth allocation for DMRS of paired UEs. 
Observation 4: For frequency domain OCC:
· Same sequences with length K in different OCC sets are required for DMRS of a UE.
· High CM limits usage scenarios of frequency domain OCC.

Proposal: IFDMA DMRS is considered for DMRS enhancement 
· RPF = 2 and RPF = 4 can be first considered for UL DMRS.
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