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1. Introduction
In RAN1#84bis, the evaluation assumptions of UL DMRS on eFD-MIMO have been agreed, and the following conclusions have been reached regarding UL DMRS enhancements:
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, we discuss UL DMRS enhancement for eFD-MIMO in Rel-14 based on these conclusions.
2. Discussion 
2.1 Necessity of UL DMRS enhancement for FD-MIMO 
In Rel-8, only contiguous frequency resource can be scheduled for uplink transmission to achieve low peak-to-average power ratio (PAPR). In Rel-10 of LTE-A uplink, multi-cluster transmissions based on clustered discrete Fourier transform-spread orthogonal frequency division multiplexing (clustered DFT-S-OFDM) is introduced as a transmission scheme. Multi-cluster transmission allows for flexible frequency selective scheduling, but also causes an increase of PAPR. In addition, OCC in time domain is introduced to support 2 orthogonal DMRS for MU-MIMO with partially overlapping BWs allocation.  As more users will be scheduled by eNodeB under the deployment of FD-MIMO, the capacity for uplink transmission becomes more serious. MU-MIMO is an important technique to improve the uplink cell throughput, but it is uncertain the common use case for MU-MIMO pairing. e.g. whether it is beneficial to enhance MU-MIMO with BWs partially overlapping or BWs fully overlapping when more than 2 users.  This deserves further study and evaluation. If the probability of MU-MIMO with BWs partially overlapping is high, users will interfere with each other when more than 2 users are paired with partially overlapping BWs allocation as Rel-13 only support 2 orthogonal DMRS with BWs partially overlapping. Here single cluster allocation and multi-cluster allocation for three paired UE with BWs partially overlapping are showed in the following figure 1 and figure 2 respectively. 
Due to the interference caused by non-orthogonal DMRS, the performance impact on channel estimation for UL DMRS should be studied further. The performance of channel estimation using UL DMRS of LTE-A in partial co-channel environment is evaluated in [1]. It shows that the direct use of DMRS based on current specification results in serious performance degradation due to the loss of DMRS orthogonality. MU-MIMO with partially overlapping BWs allocation is similar to the case of partial co-channel environment, so we can conclude that the performance impact caused by non-orthogonal DMRS of MU-MIMO can’t be negligible.
There are two directions to improve the performance on channel estimation for UL DMRS. One is implementation based on the current specification, such as advanced receiver at eNodeB, or arranging suitable set of cyclic shifts of UL DMRS [1]. Another direction is specifying enhancement for UL DMRS. In the following section we will discuss the enhancement for UL DMRS.
Observation 1: Implementation based enhancement should be discussed and set up as a baseline for comparison with standard based enhancements.   
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Figure 1: Single cluster allocation for three paired UEs    Figure 2: Multi-cluster allocation for three paired UEs
2.2 Potential UL DMRS enhancement
In this section, we give several techniques to enhance UL DMRS to support more than 2 orthogonal DMRS for MU-MIMO. 
Interleaved Frequency Division Multiple Access (IFDMA) 
Interleaved Frequency Division Multiple Access (IFDMA) is introduced for UL DMRS, the transmission comb number of UL DMRS can be two or four. Based on IFDMA and OCC, 4 or 8 users can be paired for MU-MIMO under orthogonal DMRS with partially overlapping BWs allocation. However, there are disadvantages after introducing IFDMA, e.g. the PAPR of DMRS may be increased and the granularity of scheduled RB must be above 2.
To evaluate the performance of IFDMA, we evaluate the MSE performance of DMRS channel estimation in UMi channel by link level simulation. In this simulation, three UEs were paired for MU-MIMO, the frequency position between three UEs was showed in Figure 1. User A and User B are orthogonal by OCC, but they will suffer interference from User C as only 2 orthogonal DMRS ports are supported for MU-MIMO with BWs partially overlapping based on current specification. For this non-orthogonal case, eNodeB can detect DMRS with/without advanced receiver, such as E-MMSE-IRC receiver. For IFDMA case, RPF 2 is used in the simulation, DMRS of user A and user B are transmitted in comb 0 and are orthogonal by OCC, DMRS of user C is transmitted in comb 1. In addition, UE can make power boosting when applying IFDMA. The simulation result is showed in Figure 3.  It can be found that IFDMA with power boosting can improve the MSE performance of DMRS channel estimation.
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Figure 3: MSE of DMRS channel estimation
Observation 2: IFDMA with power boosting can improve the MSE performance of DMRS channel estimation. 
FDM between DMRS and PUSCH
DMRS sequences and PUSCH can be multiplexed by FDM in one SC-FDMA symbol, for example, transmission comb 0 and comb 1 are used for DMRS and PUSCH respectively, as shown in following figure 4.  There are two such multiplexed symbols in one slot, so OCC can be used in four multiplexed symbols in one TTI. The number of orthogonal users paired with partially overlapping BWs allocation can be increased to 4. However, this technique not only has the same disadvantages as that of IFDMA, but also has the problem of non backward compatible. 
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Figure 4: FDM between DMRS and PUSCH
Enhancement on sequence generation
New approach to generate pilot sequence can be introduced. The pilot sequence of overlapping part and non-overlapping part are generated independently. So the orthogonality of each part can be achieved easily by cyclic shift or OCC.  Moreover, sequence generation can be done in resource specific manner so that it is easier to align the sequences among multiple users.  However, this technique may bring more impact on specification and more signaling overhead may be required to support more orthogonal DMRS ports.  
3. Conclusion
In this contribution, we discuss the UL DMRS enhancements for Rel-14. From the above discussion, we have the following observation:
 Observation 1: Implementation based enhancement should be studied and set up as a baseline for comparison with standard based enhancements.   
Observation 2: IFDMA with power boosting can improve the MSE performance of DMRS channel estimation.
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5. Appendix
Table A.1: Link level simulation assumptions

	Parameter

	Assumption

	Channel model
	UMi

	UE speeds
	3km/h

	DMRS bandwidth
	UE A: 16RB, 
UE B: 8RB, 
UE C: 4RB,

	Antenna configuration
	1x8

	DMRS estimation
	· LMMSE-IRC with uniform PDP
· E-LMMSE-IRC with uniform PDP
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