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1 Introduction
In [1], the following objectives are agreed for FD-MIMO enhancement:
· Specify enhancements on reference signal in the following areas [RAN1]

· Non-precoded CSI-RS, extending the existing numbers {1, 2, 4, 8, 12, 16} of CSI-RS antenna ports for support of {20, 24, 28, 32} CSI-RS ports with mechanism for reducing the overhead for CSI-RS transmission

· Beamformed CSI-RS, supporting CSI-RS resource utilization with improved efficiency for UE-specific beamformed CSI-RS including specifying support for aperiodic CSI-RS 

· Evaluate and, if needed, specify enhancement on uplink DMRS to support (more than 2) orthogonal DMRS for MU-MIMO with partially overlapping BWs allocation 

In this contribution, we discuss several DMRS enhancement schemes and conduct simulation to compare their performances.
2 Discussion on uplink DMRS
2.1 Legacy DMRS
In Rel-13 and former versions of LTE, the structure of uplink DMRS is as below.
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Figure 1 DMRS structure in R10
The basic principle of UL DMRS design is having low cubic metric. Currently, UL DMRS has the following characteristics:
· TDMed with other uplink transmissions from the same terminal
· Using cyclic extensions of ZC sequences for length more than 32, and using QPSK-based sequences for length 12 and 24
· The length of reference signal equals to the bandwidth of corresponding PUSCH
· For different PUSCH transmissions may have different lengths of reference signals
Uplink multiple layer transmission needs multiple orthogonal reference signals, which can be generated by the following methods:
· Using different phase rotations of one base sequence
· Applying OCC to the two reference signal transmissions within same subframe
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Figure 2 DMRS using OCC across two reference signals
In UL MU-MIMO with partially overlapping BWs allocation, different users can only choose the second method to create orthogonal reference signals. Since only 2 users can be supported, it is far less than enough in FD-MIMO. The main reason is that partially overlapping DMRS sequences have strong cross-correlations.
Observation 1:
· The number of orthogonal DMRS for MU-MIMO with partially overlapping BWs allocation is limited mainly due to the following restrictions:
· The length of reference signal should be equal to the number of sub-carriers occupied by PUSCH
· DMRS must occupy the same frequency bandwidth as PUSCH
2.2 Uplink DMRS enhancement
Based on above analysis, we provide three options of DMRS enhancement.
2.2.1 Comb DMRS
Comb structure can be used in DMRS similar to SRS. DMRS of different UEs are separated by different transmission comb patterns. With this method more UEs can be supported in MU-MIMO with partially overlapping BWs allocation.
As shown in figure 1, DMRS are placed in bold sub-carriers with sub-carrier interval equal to K. DMRS is uniformly distributed through the bandwidth. 
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Figure 3 DMRS using comb structure
If the length of PUSCH bandwidth (in carriers) is N, the length of the DMRS sequence is N/K.
The value of K is significantly affected by channel delay spread. With a relatively small delay spread of channel, the value of K can be chosen larger while with large channel delay spread the value of K must be small.
The relationship between K and the maximum channel delay is:
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	K
	Max supported delay (us)

	1
	66.7(current schema)

	2
	33.3

	3
	22.2

	4
	16.7

	5
	13.3

	6
	11.1


The number of the orthogonal sequences also should be taken into account. With a large K value and corresponding small UE bandwidth the number of available orthogonal sequences may be not enough..
In current LTE system, the number of RBs in uplink bandwidth allocated is an integral multiple of 2, 3 or 5. 
	K
	Length of DMRS sequence(Band width is 2 RB)

	1
	24(current schema)

	2
	12

	3
	8

	4
	6

	5
	-

	6
	4


When K equals 2, DMRS sequences in different bandwidth are listed below.
	Number of RB
	The length of DMRS-sequence
	DMRS sequence

	2
	12
	Existing QPSK-sequence

	3
	18
	QPSK sequence needed research again

	4
	24
	existingQPSK sequence

	5
	30
	QPSK sequence needed research again

	>6
	Number of RB multiplied by 6
	Extended ZC-sequence


K=2 is well supported by all available uplink bandwidths, while K>2 can only be supported by larger bandwidth.
Another issue is the reduction of available number of cyclic shift since comb structure causes repetition of the temporal signal. However this alternative is not limited by above problem.
With results in section 3, this alternative can achieve good performance.
Proposal 1: Comb DMRS can be used to extend uplink DMRS port in the case of MU-MIMO with partially overlapping BWs allocation.
· The value of parameter K should be carefully chosen. 
· Proper downlink information should also be added to inform users.
· DMRS base sequence of new length must be searched by computer
· K=2 is well supported by all available uplink bandwidth, while K>2 can only be supported by larger bandwidth.
2.3 Frequency domain OCC
Another alternative is to apply OCC (orthogonal cover code) in frequency domain. Every adjacent K REs in frequency domain comprise one OCC set, as shown in figure4. 
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Figure 4 DMRS using Frequency domain OCC 2
The value of K can be selected with same principle as in comb alternative 1.
CM rise by frequency domain OCC is evaluated. Table 1 shows the CM of wideband and OCC in different bandwidth. The CM of OCC case appears 2.7~3.1dB, which introduces ~2dB increase compared with the CM of legacy DMRS (~1dB).
Although CM is significantly higher than before, it is still lower than the CM of OFDM signal (approximately 3.4dB). Therefore this alternative can be used in limited scenarios, e.g. central cell users with high PHR.
Table-1 CM of wideband and OCC occasions with variable bandwidth
	bandwidth
	1.4MHz
	3MHz
	5MHz
	10MHz
	15MHz
	20MHz

	legacy
	0.9007
	0.9188
	0.7859
	0.7822
	1.0573
	0.9533

	
	0.8740
	0.8533
	0.9842
	0.8978
	1.2893
	1.0508

	Mean
	0.8874
	0.8860
	0.8851
	0.84
	1.1733
	1.0021

	OCC
	2.7934
	3.1297
	2.9852
	2.9409
	2.9352
	3.0241

	
	2.6034
	2.7197
	2.8060
	3.1253
	3.2633
	3.1364

	Mean
	2.6984
	2.9247
	2.8956
	3.0331
	3.0992
	3.0803


With results in section 3, this alternative can achieve good performance.
Proposal 2: Frequency domain OCC can be used to extend uplink DMRS port in the case of MU-MIMO with partially overlapping BWs allocation. But its usage is limited due to increase of CM. 
· The value of parameter K should be carefully chosed.
· Proper downlink information should also be added to inform users.
· Due to high CM this alternative can only be used in limited scenarios, e.g. central cell users with high PHR.
2.4 Extending DMRS bandwidth
Another alternative is to extend DMRS bandwidth between multiple scheduled users. The DMRS bandwidths of multi-user with partial bandwidth overlapping with each other extend to a common length in common bandwidth allocation. The common frequency band covers frequency band of each user. The orthogonal DMRS sequences of different users are obtained by using different phase rotations of the common base DMRS sequence. The length of the common base DMRS sequence equals to the common DMRS bandwidths (in carriers).
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Figure 5 DMRS using extended bandwidth
Since the bandwidth of DMRS is larger than the bandwidth of PUSCH, the EPRE of DMRS may be lower than the EPRE of PUSCH. This problem can be avoided by the scheduler or by directly informing the power offset to UE.
Proposal 3: Extending DMRS bandwidth to cover RBs of possible co-scheduled UE can be used in the case of MU-MIMO with partially overlapping BWs allocation.
· RBs could be divided into several parts in order to simplify signalling.
3 Simulation results
In this section some link level simulation results of different alternatives from the aspect of channel estimate MSE and BLER are provided.
Figure 6 illustrates the channel estimation MSE of legacy DMRS scheme in MU-MIMO with partially overlapping BWs allocation. The total band width is 6RB. It can be seen that the MSE performance deteriorates with increasing overlapped bandwidth. Even in the one RB overlapped case, the MSE performance is still intolerant. 
[image: image7.emf]1 2 3 4 5 6

10

-2

10

-1

10

0

RB

MSE


Figure 6 Simulation of MSE with variation of comb interval K
Figure 7 illustrates the channel estimate MSE of different DMRS scheme. In the low SNR area, the larger the comb value K is, the better MSE performance becomes, due to power boost in comb DMRS. But in the high SNR area, larger K has poor MSE performance, mainly due to channel variation in frequency domain.
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Figure 7 Simulation of MSE with variation of comb interval K
The performance of BLER with different comb interval K is shown in Figure 8. The figure illustrates that in the low SNR area, increasing of K will result in better performance while in the high SNR area, performance of different DMRS schemes becomes similar. 
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Figure 8 Simulation of BLER with variation of comb interval K
4 Conclusion
Observation 1:
· The number of orthogonal DMRS for MU-MIMO with partially overlapping BWs allocation is limited mainly due to the following restrictions:
· The length of reference signal should be equal to the number of sub-carriers occupied by PUSCH
· DMRS must occupy the same frequency bandwidth as PUSCH
Proposal 1: Comb DMRS can be used to extend uplink DMRS port in the case of MU-MIMO with partially overlapping BWs allocation.
· The value of parameter K should be carefully chosen. 
· Proper downlink information should also be added to inform users.
· DMRS base sequence of new length must be searched by computer
· K=2 is well supported by all available uplink bandwidth, while K>2 can only be supported by larger bandwidth.
Proposal 2: Frequency domain OCC can be used to extend uplink DMRS port in the case of MU-MIMO with partially overlapping BWs allocation. But its usage is limited due to increase of CM. 
· The value of parameter K should be carefully chosed.
· Proper downlink information should also be added to inform users.
· Due to high CM this alternative can only be used in limited scenarios, e.g. central cell users with high PHR.
Proposal 3: Extending DMRS bandwidth to cover RBs of possible co-scheduled UE can be used in the case of MU-MIMO with partially overlapping BWs allocation.
· RBs could be divided into several parts in order to simplify signalling.
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Appendix A
Table 1: particle simulation assumptions

	Parameters
	Value

	Carrier frequency
	2.0GHz

	System bandwidth
	5MHz

	Antenna Configuration
	BS Antenna Number 1；UE Antenna Number 1

	Channel model
	PedA  

	Modulation 
	QPSK

	UE Speed 
	5km/h
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