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1 Introduction

In RAN plenary #71 meeting, the following agreement was achieved to specify enhancements on reference signal in RAN1.
· Uplink DMRS, to support additional DMRS ports 

In this contribution, UL DMRS enhancement to support more orthogonal partial overlapped ports is analyzed. OCC based scheme, comb like scheme are separately discussed.
2 Discussion on UL DMRS enhancement 
2.1 Unequal bandwidth allocation case
In Rel-10, unequal bandwidth multiuser pairing is supported. This feature allows more flexible user pairing for uplink MU-MIMO and thus provides more throughput gain over SU-MIMO. Unequal pairing in Rel-10 implies unequal bandwidth allocation as shown in following Figure 1. 
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                 Figure 1 An illustration of unequal bandwidth allocation 

In Rel-13 and Rel-14, FD-MIMO feature with 2D antenna array was introduced. UEs in one cell can be identified by the beam directions both in hortzontal and vertical dimension, which provides an additional freedom to spatially divide UEs. It is beneficial to uplink multiuser pairing. In addition, with larger size of antenna array at BS side, morereceiving beamforming gain can be achieved. Thereby, more orthogonal partial overlapped ports  need to be studied to support more mutiuser pairing users in Rel-14. 
To support additional orthogonal partial overlapped DMRS ports, the potential enhancement schemes include:
·  Increasing additional DMRSs
· Comb like  enhancement 

In the following subsections, the two schemes are separately discussed and analyzed. 
2.1.1 Increasing additional DMRSs
According to the current DMRS structure for PUSCH in LTE, DMRS locates in the fourth OFDM symbols in each slot. In order to support more orthogonal partial overlapped ports, additional two DMRS symbols in each subframe can be inserted.  An example of 4 symbols’ DMRS design is shown in Figure 2. Based on this DMRS structure, TDM or CDM between pairing UEs can be adopted to support more orthogonal DMRS ports.  For TDM, two DMRS symbols in the first slot can be used for paired UE group 1 and two DMRS symbols in the second slot can be used for paired UE group 2.  For CDM, larger OCC (e.g. OCC 4) can be supported between 4 DMRS symbols in each subframe. 
Additional DMRS symbols in one subframe will significantly increase the uplink DMRS overhead and degrade PUSCH performance. In addition, additional DMRS symbols for new UE will be impacted by legacy UE’s PUSCH in neighboring cell. Thereby, the backward compatibility of this new UL DMRS design needs to be carefully investigated.  
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Figure 2 An example of DMRS structure with 4 symbols in one subframe
In addition, the generation of uplink DMRS is determined by the allocated PRB number, the sequence group index u, and the cyclic shift(  in current specification.  Assume that the DMRS root sequence in frequency domain is
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, where u denotes the group index, NRB denotes allocated PRB number, and n denotes sub-carrier index. When OCC = 2 is applied, a cover code ([+1,+1], [+1,-1]) is multiplied to DMRS symbols in 2 slots of a TTI.
In non-equal bandwidth allocation case, assuming the allocated bandwidth for UE1 and UE2 are separately 2 PRBs and 4 PRBs. The root sequences 
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 for UE2 are same upon the partial overlapped 2 PRBs. When sequence group hopping is disabled, the root sequences in two slots are same.  Thereby the orthogonality can be guaranteed by OCC code. 

But when sequence group hopping is enabled, the DM RS root sequence for each UE is quite different in 2 slots within a subframe. As shown in Figure 3, the root sequences after sequence group hopping are 
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 in the second slot.  Thereby OCC cannot guarantee the orthogonality in this case. For larger OCC, e.g. OCC4, similar issue exists when sequence group hopping is enabled. And another issue for OCC scheme is weak robustness in moving scenario. 
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  Figure 3  Non-orthogonality of OCC when sequence group hopping is enabled 

Based on the above analysis and discussion for increasing additional DMRSs, we have the following observation. 

Observation 1:

· Due to resource consuming of additional DMRS, the throughput of PUSCH will be impacted. And increasing additional DMRSs need to be carefully investigated in Rel-14.  
2.1.2 Comb like scheme 
Similar with SRS, different layer/UE can adopt different combs and paired UEs are distinguished with different sub-carriers. Firstly, this scheme can guarantee orthogonality between multiple pairing users no matter whether sequence group hopping is enabled. In addition, good performance even in high-speed scenario can also be expected [2]. Thereby, comb like scheme is a promising method to support more orthogonal partial overlapped DMRS ports. 
Observation 2:

· Comb like scheme is a promising method to support more orthogonal partial overlapped UL DMRS ports in Rel-14.

When unequal bandwidth allocation is supported, the number of partial overlapped PRBs between paired UEs may be any nature number less than system bandwidth (e.g. 1, 2, or 3 PRBs). If any case of partial overlapped RBs needs to be supported in Rel-14, the redesigning of uplink DMRS sequence with any length  will be necessary. But this will complicate the design.  e.g. 1 PRB’s DMRS sequence with RPF = 2 is not supported since there isn’t length-6 sequence in current Release 8 design. 
And if we want to reuse the Rel. 8 DM-RS sequences, the number of allocated RBs must be divided by the RPF value. But this will constrain the scheduling freedom of eNB. Thereby, the major drawback for this is bandwidth limitation similar to SRS in the Rel. 8 LTE.
Considering the tradeoff between scheduling flexibility and design complexity, a few limited RPF values can be considered for UL DMRS. And it is known that larger RPF value will induce shorter DMRS sequence and 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 first considered for UL DMRS. In this assumption, maximum 8 orthogonal multiuser pairing can be derived on partial overlapped pairing PRBs.   
Proposal:
·  Comb like scheme should be investigated for DMRS enhancement 
· RPF = 2 and RPF = 4 can be first considered for UL DMRS.
3 Conclusions
In this contribution, the UL DMRS enhancement schemes to support more orthogonal partial overlapped ports are analyzed and compared. We have the following observations and proposal: 
Observation 1:

· Due to resource consuming of additional DMRS, the throughput of PUSCH will be impacted. And increasing additional DMRSs need to be carefully investigated in Rel-14.  
Observation 2:

· Comb like scheme is a promising method to support more orthogonal partial overlapped UL DMRS ports in Rel-14.

Proposal: 
· Comb like scheme should be investigated for DMRS enhancement 
· RPF = 2 and RPF = 4 can be first considered for UL DMRS.
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