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1. Introduction
One of objectives in [1] in Release 14 is to “Evaluate and, if needed, specify enhancement on Uplink DMRS enhancement, to support (more than 2) orthogonal DMRS for MU-MIMO with partially overlapping BWs allocation”. Therefore, the first step is to evaluate the performance gain by using additional orthogonal DMRS before discussing detailed enhancement solutions. In this contribution, we have given some initial simulation results for uplink DMRS enhancement.
2. Motivation for the Uplink DMRS enhancement
Looking back the history of LTE, uplink DMRS enhancement has been discussed and studied multiple times. Basic DMRS sequence, hopping and cyclic shift were discussed and supported in LTE Rel.8. The enhancement of uplink DMRS to support MU-MIMO was discussed in Rel.10 where Orthogonal Cover Code (OCC) was introduced. With the support of OCC, maximal 2 orthogonal DMRS are supported for partially overlapped bandwidth allocation. 
While it has been determined that maximally 2 MU-MIMO layers might be enough for earlier releases, they may not be enough in the context of FD-MIMO. Especially when the eNB is equipped with advanced antenna panels with large number of receiver chains, eNB has the ability to identify more spatial layers using advanced receivers. However, advanced receiver works better with accurate demodulation channel knowledge which motivates the study of orthogonal DMRS. 
Observation #1: More orthogonal DMRS can help to harvest more performance gain from large number of receivers in FD-MIMO. 
Another application scenario is the uplink CoMP where receiving antennas from multiple cells (mostly the neighbor sectors) jointly receive signal from UE together. Note that DL CoMP with FD-MIMO will be studied in Rel 14 in FE-CoMP. UL joint reception is similar to MU-MIMO in FD-MIMO: larger number of receivers means more MU-MIMO layers. Similarly orthogonal DMRS can help to enhance the accuracy of channel estimation and harvest higher performance gain for joint reception in the context of CoMP and FD-MIMO. 
Observation #2: More orthogonal DMRS can help to harvest the performance gain from uplink joint reception 
Another use case for more orthogonal DMRS is to reduce the inter-cell interference impact to channel estimation. In current LTE system, different cells use different PCI to randomize DMRS sequence. That works well in typical deployment scenarios such as Macro or Hetnet deployment. When it comes to super dense small cell scenarios, e.g. indoor deployment, randomized DMRS may not be enough to provide accuracy channel estimation. Since Rel.11, neighbor cells can configure the same VCI to generate the same DMRS sequence but use CS (Cyclic Shift) or OCC (Orthogonal Cover Code) to separate users between cells. However such orthogonality is limited by the maximum number of orthogonal DMRS supported. If we have more orthogonal DMRS, then more neighbor cells can configure with the same VCI and avoid inter-cell interference on uplink channel estimation. 
Observation #3: More orthogonal DMRS can help to reduce inter-cell interference on channel estimation in dense cell deployment. 
3. Initial simulation results
In this section, we provide some initial simulation results on the performance gain which benefit from more orthogonal DMRS. For the sake of simplicity, we used antenna panel (M,N,P,Q)={10, 8, 1, 8}, {10, 16, 1, 16}, {10, 32, 1, 32} for receiving PUSCH. The real channel estimation process with actually DMRS sequence is imbedded in the system level simulation to provide the realistic channel estimation. 
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Figure.1 Mean UPT for different number of layers
As seen in figure.1, the throughput goes up along with the increasing of maximum MU-MIMO layers. With 8Rx antennas, performance gain almost saturated at 2 layers (limited gain from 2 to 4). However, with 16Rx, the performance still goes up significantly from 2 to 4 layers. 
Proposal: Standardize enhancement to support more than 2 orthogonal DMRS for partially overlapped BW allocation case
4. Conclusions
In this contribution, we give some motivations on the need of more orthogonal DMRS in partially overlapped BW allocation case. Additionally, we give our initial results on FD-MIMO performance gain from additional orthogonal DMRS where DMRS sequences and channel estimation process is specifically modeled. 
Observation #1: More orthogonal DMRS can help to harvest more performance gain from large number of receivers in FD-MIMO. 
Observation #2: More orthogonal DMRS can help to harvest the performance gain from uplink joint reception 
Observation #3: More orthogonal DMRS can help to reduce inter-cell interference on channel estimation in dense cell deployment. 
Proposal: Standardize enhancement to support more than 2 orthogonal DMRS for partially overlapped BW allocation case
5. Appendix
Table.1 Simulation assumptions

	Parameters 
	Proposed Values 

	Channel model & BS antenna downtilt
	3D-UMa (500m ISD) of 36.873, 15° electrical downtilt with K=10

	BS antenna element configurations
	[M=10, N=8/16/32, P=1, Q=8/16/32] 

	BS antenna polarization
	Co-polarized

	UE attachment
	Aligned with phase 2 calibration of 36.873

	Carrier Frequency 
	2GHz 

	Network sync 
	Synchronized 

	System bandwidth 
	10MHz (50RBs) 

	UE distribution/speed/array orientation/antenna pattern 
	Aligned with phase 2 calibration of 36.873

	Traffic model 
	Full Buffer

	Number of sectors
	21 (7 sites, 3 sectors per site)

	UE density
	60 UEs per sector

	Scheduler 
	PF scheduler with cell-edge user protection 

	Resource allocation
	5 PRBs per user

	DMRS for multiplexed users
	Orthogonal with equally-spaced cyclic shifts

	Receiver 
	Realistic channel estimation 

	
	Explicit intercell interference modelling    

	
	MMSE-IRC 

	Hybrid ARQ 
	Maximum 4 transmissions, CC 

	Transmission scheme 
	1xMR SIMO (MR=Q) 
SC-FDMA transmission with continuous bandwidth allocation

Dual-cluster resource allocation (optional)

	Maximum UE TX power 
	23dBm 

	Overhead 
	2 SC-FDMA symbols per 1ms for the demodulation RS 

	
	2 SC-FDMA symbols per 5ms for channel sounding RS 

	
	8RBs for PUCCH 

	Power control 
	P0=-80dBm, alpha=0.8 

	Metrics 
	Mean, 5% 

	Number of Tx antenna at UE 
	1 antenna 
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