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1. Introduction

In the RAN#71 meeting a Rel-14 work item on Enhancements on Full-Dimension MIMO for LTE was approved [1]. One of the objectives of 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 this contribution, we provide evaluation results and describe possible approaches for the UL DMRS enhancements to support high dimension MU-MIMO with orthogonal DM-RS antenna ports.
2. Interference Model
In Rel-13 FD-MIMO the larger number of orthogonal DM-RS antenna ports were introduced for the DL to support improved channel estimation performance for higher order MU-MIMO transmission. Comparing to the DL, the problem of maintaining orthogonal DM-RS antenna ports in the UL becomes more important as the estimated channels corresponding to the MU-MIMO multiplexed UEs are used to cancel the intra-cell interference. The possible lack of orthogonal DM-RS signals may reduce the channel estimation accuracy and, therefore, the overall spectrum efficiency of the MU-MIMO transmission in the uplink. 

In the conventional LTE the orthogonal DM-RS antenna ports are supported by using cyclic shift or time domain OCC. For partially overlapped resource allocations of different UEs only time domain OCC can be used limiting the maximum number of paired UEs with partially overlapped allocations to 2. When higher dimension MU-MIMO is used for the UL with partially overlapped resource allocations, the uplink DMRS for the MU-MIMO UEs could become non-orthogonal although different cyclic shifts are used. The mutual interference on the received DM-RS could get increased, therefore, decreasing the channel estimation performance.

Figure 1 illustrates the initial system-level simulation result for intra-cell interference distribution relative to the total interference plus noise ratio. In Figure 1, the parameter [image: image2.png]


 indicates the average MU-MIMO dimension in the whole system and can be obtained by [image: image4.png]N-1
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, where [image: image6.png]


 represents the MU-MIMO dimension in the overlapped uplink bandwidth and it indicates the number of co-scheduled UEs in the overlapped uplink bandwidth for sector i  and N=57 denotes the number of sectors. In the evaluation the scheduler pairs all available UEs in the same TTI and each UE transmits different bandwidth and we collect the intra-cell interference percentage in the overlapped bandwidth. Full path loss compensation is used for uplink open loop power control and the overlapped uplink MU-MIMO bandwidth is the same across all sectors. We assume no intra-cell interference can be mitigated as the receiver does not use OCC-2 de-spreading due to high Doppler. This represents the worst interference scenario. More simulation parameters can be found in the Appendix. It can be seen that mutual intra-cell interference can be severe without extra orthogonal DMRS ports to reduce intra-cell interference. For example for average MU-MIMO dimension 4, 90% users still experience more than 35% intra-cell interference.
Observation 1: Increase the MU-MIMO dimension from 2 to 4/6 can further increase the percentage of intra-cell interference. However, from 6 to 8 the intra-cell interference percentage increase is less obvious.
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Figure 1: System level evaluation of intra-cell interference ratio
3. DMRS for interference reduction
The intra-cell interference becomes dominant in high MU-MIMO dimension case with partially overlapped RBs allocations. To reduce the interference on the received DM-RS antenna ports for the UEs with partially overlapped resource allocations, the DM-RS should support larger number of orthogonal DM-RS ports. In this section we discuss two approaches how orthogonal DM-RS antenna ports can be supported for the uplink transmissions with different resource allocations. 

3.1. DMRS sequence splitting
In the first approach, to generate the orthogonal DMRS sequence for MU-MIMO UEs, the DM-RS of a given UE may be concatenated from two or more DM-RS sequences. Each DM-RS sequence of the concatenated DM-RS sequence should follow the existing DM-RS structure and has the length that guarantee the alignment of the DM-RS sequences corresponding to different UEs. After such DM-RS sequence assignment, the DMRS could be made orthogonal between the UEs by configuring different cyclic shifts on the corresponding DM-RS sequences.

The example of the proposed DM-RS construction is shown in Figure 2, where the RBs in the second RB block of the current UE resource allocation is made fully overlapping with RBs of another UE resource allocation. The DM-RS sequence for the first and the second blocks are generated independently for the current UE.
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Figure 2: one example for resource allocation structure

It is expected that usage of the different DM-RS sequences in different RB blocks can change PAPR sequence properties. Figure 3 illustrates simulation results for the average PAPR for different RBs assignment case. The average PAPR can be obtained by [image: image10.png]1
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 indicates a set of all possible RB assignments for the total RB size of [image: image14.png]


. The size of this set is G and [image: image16.png]


 is the PAPR value of the DMRS symbol with the RB assignment g. It can been seen that the average PAPR for the proposed design is only slightly increased comparing to the conventional DM-RS design. 
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Figure 3: Evaluation result of the average PAPR for the proposed design
Based on the discussion above the following proposal can be made:
Proposal 1: To support higher order MU-MIMO transmission with partially overlapped bandwidth, multi-cluster DM-RS transmission can be used.
3.2. Comb based DMRS

To provide the orthogonal DM-RS, the DMRS structure in the frequency domain can follow the comb pattern similar to SRS. Then UEs scheduled with partially overlapping resource allocations can use different frequency offsets to provide orthogonal DM-RS multiplexing of different UEs with partially overlapped resource allocation. For the UEs with fully overlapped resource allocation, the orthogonal DMRS generation can be based on the same frequency offset but using different cyclic shifts. Figure 4 illustrates the proposed comb DMRS pattern in one RB for two UEs.
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Figure 4: Comb DMRS pattern in one RB

Proposal 2: To support high order orthogonal DM-RS design, comb based DMRS structure with different frequency offsets can be considered
4. 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 of more than two UEs. Our observation and proposals can be summarized as below:

Observation 1: Increase the MU-MIMO dimension from 2 to 4/6 can further increase the percentage of intra-cell interference. However, from 6 to 8 the intra-cell interference percentage increase is less obvious.

Proposal 1: To support higher order MU-MIMO transmission with partially overlapped bandwidth, multi-cluster DM-RS transmission can be used.
Proposal 2: To support high order orthogonal DM-RS design, comb based DMRS structure with different frequency offsets can be considered.
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Appendix: Simulation Assumptions 

	Parameter
	Value

	Homogeneous scenarios
	3D-UMi with ISD = 200m in 2GHz, 41 dBm

	Polarized antenna modelling
	Model-2 from 36.873

	Duplex
	FDD

	Traffic model 
	Full Buffer 

	Wrapping method
	Geographical distance based

	Handover margin
	3dB

	System bandwidth
	10MHz

	UE attachment 
	Based on RSRP (formula) from CRS port 0 

	Network synchronization 
	Synchronized

	UE Speed 
	3km/h

	UE distribution 
	According to 36.873

	UE array orientation
	ΩUT,a uniformly distributed on [0,360] degree, ΩUT,b = 90 degree, ΩUT,g = 0 degree

	UE antenna pattern
	Isotropic antenna gain pattern A’(θ’,ф’) = 1
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