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1. Introduction

Rel-14 work item on enhancements on full-dimension MIMO was approved in the RAN#71 meeting before. One of the objectives defined in the work item is to evaluate and specify enhancements to uplink DMRS to support more than 2 orthogonal DMRS for MU-MIMO with partially overlapping BWs allocation.
In the last RAN#84bis meeting, the way forwards were discussed and the following conclusions were captured as:
·   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 provide our views about the UL DMRS enhancement method to support eFD-MIMO systems. 
2. Discussion
In the Rel-8, different cyclic shifts of reference signal are used to separate the different UEs’ DMRS. In the Rel-10, a combined OCC and CS were introduced to support multi-layers and MU-MIMO for the specified UEs. In Rel-13, FD-MIMO with larger number of orthogonal DMRS ports was needed to support 3D MIMO scenarios. However, the current structure cannot support MU-MIMO multiplexed UEs more than 4 or larger. In addition, the partially overlapped resource allocations of different UEs with OCC only in time domain which limits the maximum number of paired UEs with partially overlapped resource allocations. In this case, the UL DMRS for the MU-MIMO UEs could become non-orthogonal and the performance of channel estimation will be decreased correspondingly.  
In RAN1#84, the potential techniques of enhances UL DMRS to support more than 2 orthogonal DMRS were given in [3]. The major enhancement schemes were presented as following:
· Alternation 1: IFDMA (Interleaved frequency division multiple access) DMRS
IFDMA has been a candidate uplink technology in Rel-8, which has cyclic prefix single carrier with special block repetition to create a ‘comb’ spectrum interleaved with other users. It is a hybrid of single carrier and OFDM concepts which has same PAPR or CM as single carrier and requires CP and non-zero signal spectrum as OFDM. The flow sheet of DMRS with IFDMA is shown as following:
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If UL DMRS is generated as IFDMA, the procedure will be not identical to the PUSCH data, the demodulation in receiver become more complexity than before. Furthermore, the DMRS with IFDMA has good orthogonality among users in condition of synchronization guaranteed. The sensitivity to frequency offset and error timing is worse than the former DFT-S-OFDM scheme. Moreover the flexible in frequency scheduling is also degraded than before. In a word, it is not beneficial to realize co-scheduling MU-users in eFD-MIMO. 
Proposal 1: IFDMA cannot be considered as a prospective candidate because of the incompatibility of PUSCH procedure and difficulty in achievement.  
· Alternation 2:DMRS enhancement with larger OCC and Comb
Additional DMRS symbols in one subframe are an effective way to increase more orthogonal partial overlapped ports. Take into account the balance of power, the additional DMRS should be allocated uniformly in one subframe except the last one if it is occupied by SRS. In such case, the PUSCH resources are limited when the DMRS symbols occupied. The performance of the legacy UEs in neighboring cell will be impacted seriously especially. The system performance evaluation should be investigated in the next step as soon as possible. 
The OCC could be inserted either in time domain or frequency domain. For the time domain, many companies agreed that OCC length-4 can be arranged in four multiplexed symbols in one TTI across two adjacent subframes. If OCC length-4 is considered, the maximum number of orthogonal users can be paired for MU-MIMO with partially overlapping BW allocation is 4. As well as in the frequency domain, comb and OCC are always combined to increase the orthogonal DMRS ports. As for OCC in frequency, every continuous M REs of one UE comprise an OCC set, as shown in Figure 1. If the value of overlapped BW between MU is integer multiple of OCC set, the cross correlation is decreased obviously than the non-integer multiple of OCC set. The complexity in frequency estimation and correction should be paid attention to if comb is applied in frequency domain.
In addition, for reducing the PUSCH performance loss caused by the additional DMRS symbols and the flexibility of eNBs, this enhancement scheme is not necessary in every uplink subframe only if the eFD-MIMO activated. The new RRC signals or DCI indicator should be introduced to support this scenario. The trigger condition, periods and subframe offset configuration should be considered in further discussion relevantly.
One of the examples of enhanced DMRS structure is presented in Figure 1. The length of OCC set is determined by the DMRS bandwidth and OCC sequence length:
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Figure 1: DMRS enhancements diagram
Proposal 2: Additional DMRS symbols, OCC and Comb are the promising technologies to support more orthogonal partial overlapped DMRS ports. The new RRC signals or DCI indicator should be introduced to support this case.
3. Conclusion
In this contribution, we provide our views on the design of the orthogonal UL DM-RS for the uplink transmission with partially overlapped resource allocations for multi-users. The proposal based on the discussion is given below:

Proposal 1: IFDMA cannot be considered as a prospective candidate because of the incompatibility of PUSCH procedure and difficulty in achievement.
Proposal 2: Additional DMRS symbols, OCC and Comb are the promising technologies to support more orthogonal partial overlapped DMRS ports. The new RRC signals or DCI indicator should be introduced to support this case.
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