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1 Introduction
For NR waveform assumption, the following conclusion is drawn in the RAN1#87 meeting. 
· Study necessity of supporting 16 orthogonal DMRS ports in DL and UL considering symmetric design both for DL and UL

For NR waveform assumption, it was agreed in the RAN1#86bis meeting that, 
· NR Support DFT-S-OFDM based waveform complementary to CP-OFDM waveform, at least for eMBB uplink for up to 40GHz

· CP-OFDM waveform can be used for a single-stream and multi-stream (i.e. MIMO) transmissions, while DFT-S-OFDM based waveform is limited to a single stream transmissions (targeting for link budget limited cases)

· Network can decide and communicate to the UE which one of CP-OFDM and DFT-S-OFDM based waveforms to use

· Note: both CP-OFDM and DFT-S-OFDM based waveforms are mandatory for UEs

This contribution discusses the designs of the reference signal for demodulation of UL, including design principles, RS sequence, RS pattern, max# of orthogonal DMRS ports and ports multiplexing scheme. Discussion 

2 Discussion 

2.1 New requirements in 5G 

New requirements for UL demodulation RS in NR include:   

· More orthogonal partial overlapped DMRS ports. 

· Coexistence of DFT-S-OFDM based waveform and OFDM based waveform

· Considering cross-link interference and inter-cell interference

2.2 Design principles of uplink demodulation RS

In NR higher efficiency of frequency spectrum and more scenarios are needed. In order to make full use of spectrum resources and adapt to different scenarios, per-PRB scheduling flexibility is needed for CP-OFDM. The design of UL DMRS should not restrict the scheduling bandwidth.

MU-MIMO with scheduling bandwidths partially overlapping has recently been introduced in LTE. Considering the extensive use of MU-MIMO, in NR it also should be consider that scheduling bandwidths are partially overlapping between paired UEs. In addition, in order to have a better adaptation to the use of MU-MIMO，partially overlapping bandwidth need to be flexible and the bandwidth partially overlapping should not be restricted by the design of UL DMRS.

Proposal 1:  Flexible scheduling bandwidth and flexible partial bandwidth overlap between paired UEs for MU-MIMO should be considered in the design of UL DMRS.
In NR the services needs change more rapidly between UL and DL due to the various scenarios. The duplexing flexibility can match the changing services better and improve system performance. In addition, the duplexing flexibility is discussed in 3GPP. So the DMRS design should consider the cross-link interference from duplexing flexibility.

Proposal 2: The cross-link interference should be considered in DMRS design.

NR has agreed to support UL grant-free transmission (i.e., an UL transmission scheme without dynamic grant) at least for sporadic URLLC traffics, in which the resource may be shared by multiple users to increase resource utilization efficiency and reduce latency. In this case, DMRS needs to be used for UE activity detection in addition to channel estimation. 

Proposal 3: Detection performance should be considered in DMRS design for UL grant-free transmission.

DMRS design should further consider DMRS inter-cell interference mitigation for NR. Note that DMRS transmitted by UEs in neighbouring cells on the same time-frequency resources result in interference to the DMRS of desired users as they are not orthogonal to the latter. This phenomenon is especially detrimental for cell-edge users, as the interference power is comparable to desired signal power.  As NR will support more users, this effect will be more detrimental than in LTE. 

Observation 1: Due to the increased number of served users in NR, the DMRS inter-cell interference effect will be more detrimental than in LTE. 

One solution to this problem is to orthogonalize DMRS across cells in time or frequency, which necessitates additional DMRS resources. Another solution is to obtain and exchange information about the sequences used in neighbouring cells, e.g. root indices in case of ZC sequences or RB index for PN sequences, to allow a given BS to perform DMRS inter-cell interference cancellation/mitigation. Then, the DMRS in neighbouring cells can be transmitted on the same time-frequency resources, removing the need for additional DMRS resources and resulting in a more efficient use of available resources. 

Observation 2: Exchange of information about the used non-orthogonal DMRS across cells/TRPs facilitates DMRS inter-cell interference mitigation and results in a more efficient use of available spectrum.
2.3 Design of uplink demodulation RS 

2.3.1 DMRS sequence design

In NR the design of UL DMRS sequence for data transmission PAPR reduction needs to be considered even for CP-OFDM waveform. Low PAPR sequence is beneficial to both DFT-S-OFDM and CP-OFDM. In addition, the UL DMRS design should consider the correlation property. The low cross-correlation property is not only important for channel estimation, but could also facilitate user detection in MU-MIMO and/or grant-free transmissions. So the low PAPR sequence with low cross-correlation should be considered for UL demodulation RS in NR. 

On the other hand, traditional ZC sequence and/or computer generated sequence in LTE are resource bandwidth specific, which means the sequence at any RB is determined by the allocated resource bandwidth. This may cause more blind detection for interference suppressing techniques due to numerous hypothesis testing cases. One solution is to constrain the rules for resource allocation; while another alternative solution is to design resource location specific sequence with low PAPR/CM properties, in which the sequence at any RB only depends on the RB index. Two design examples of resource location specific sequence are briefly introduced below.

2.3.1.1 Phase rotated block-wise RS

As illustrated in figure 1, at transmitter, for a system deployed on spectrum which consists of N subcarriers, the full bandwidth is equally divided into R blocks in the case that a block of [image: image2.png]N/R



 subcarriers is defined as a resource allocation unit with a size of M. If a UE occupies R consecutive resource allocation units[image: image4.png]


, in order to generate a DM-RS symbol, each block [image: image6.png]


 comprises an identical extended ZC sequence of length M with a certain root index. Then defining a phase rotation vector[image: image8.png]


, the phase of every element in [image: image10.png]


 is rotated by [image: image12.png]


𝑗. And the proper choice of Pj could yield low PAPR property of generated DM-RS symbol. Denoting a block as a resource allocation unit, the phase designated to each block is determined by the number of allocated resource units and its resource unit index. At receiver, the phase designated to each block is also naturally obtained by the same information as at transmitter. 

For a system deployed on 20MHz spectrum which consists of 1200 subcarriers namely 100 RB, the full bandwidth is divided into 25 blocks in the case that a block of 4 RB is defined as a resource allocation unit. In terms of base sequence, 30 extended or truncated ZC sequences with low CM value and low cross-correlation are selected as presented in Appendix A. In terms of optimal phase rotation vector, we take vector [image: image14.png](WD pe 112, M)



 for R blocks. CM performance for 4 consecutive blocks allocation is shown in figure 2, and it is observed that LTE UL DM-RS has CM value up to 2.2dB, while on average phase rotated block-wise RS has CM value up to 2.2dB which is within the acceptable level.
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Figure 1 Phase rotated block-wise RS generator           Figure 2. CM (by method 2 in [2]) for 4 blocks.
2.3.1.2 Computer searched truncated Zadoff-Chu sequences

As illustrated in figure 3, a truncated ZC sequence is defined for the maximum full bandwidth, e.g. 100RB, and the UE will take a segment from the full band sequence corresponding to its resource allocation location as its DM-RS sequence. A group of 60 such long truncated ZC sequences of length [image: image18.png]N = 21157



 can be found by computer search in Appendix B. Taking one ZC sequence with root [image: image20.png]q= 1149



 as an example, the sequence mapped onto the whole bandwidth will be the truncated ZC [image: image22.png]Z(n) = efmsr 1149 (n-1)




 in a 20MHz LTE system. It will be shown in the following contents that the 60 sequences in the group have good PAPR/CM property and good cross-correlation for all possible resource allocation cases (the allocation sizes are within range [1RB, 100RB] and are factors of 2 or 3 or 5) at all possible resource allocation locations.
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Figure 3. Resource location specific sequences
· PAPR/CM

In the simulation, subsequences of the 60 ZC sequences taken from all possible locations are evaluated and their lengths include RS sequence lengths corresponding to all possible allocation sizes for DFT-s-OFDM. Those subsequences are mapped continuously on frequency resource and the IFFT size is 2048. 

From figure 4, we can find that PAPR/CM values of all the evaluated computer searched truncated ZC subsequences are below the maximum PAPR/CM value of LTE UL DMRS sequences, while their CDF is only slightly worse than that of LTE UL DMRS sequences on average. Here, link level simulation (simulation assumption in Appendix C) with real PA model agreed in [3] is done to show different DMRS PAPR/CM values’ influence on demodulation performance. In the evaluation, PA output power is set to the maximum 27dBm. Both small resource allocation and large resource allocation cases are considered, and in each case, single DMRS sequence with small or large PAPR/CM is used. The link level performance comparison between situations utilizing LTE ZC sequences with smallest and largest CM values for DMRS (Table 1) is shown in figure 5. It can be observed that the performance gap is less than 0.2dB which is negligible. 
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Figure 4. CM (by method 3 in [2]; definition: (RCM-1.524)/1.85) and PAPR evaluation.
	
	CM(dB)
	99.99% PAPR(dB)

	DFT-s-OFDM QPSK
	1.2
	8.2 

	DFT-s-OFDM 16QAM
	1.76
	8.9 

	6RB DMRS sequence: ZC root 33
	1.92
	5.52

	6RB DMRS sequence: ZC root 35
	-0.22
	2.62

	48RB DMRS sequence: ZC root 73
	1.95
	6.26

	48RB DMRS sequence: ZC root 222
	-0.16
	3.32


Table 1. CM (by method 3 in [2]) and PAPR evaluation of LTE ZC sequence
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Figure 5. Link level evaluation with real PA model.

· Cross-correlation

The reference signals of two UEs in neighbouring cells may share the same time and frequency resource, and cross-correlation between the two RS sequences is an indication of their suffered interference level. However, it’s not always likely that their allocated resources are fully overlapped. Thus, considering LTE UL RS are resource allocation specific, all partially overlapping cases of LTE UL RS sequences should be evaluated. Table 2 shows that computer searched truncated ZC sequences have cross-correlation property in the same level of LTE UL DM-RS sequences.

	Resource

allocation
	LTE UL DM-RS sequence
	Computer searched truncated ZC sequence

	
	Max
	Mean
	Median
	Max
	Mean
	Median

	1RB
	1
	0.5123
	0.4947
	1
	0.5153
	0.4883

	5RB
	1
	0.2418
	0.2259
	0.9872
	0.2461
	0.2299

	10RB
	0.9999
	0.1753
	0.1651
	0.8112
	0.1753
	0.1637

	30RB
	0.9965
	0.1020
	0.0961
	0.5138
	0.1023
	0.0960

	50RB
	0.9886
	0.0786
	0.0743
	0.3012
	0.0794
	0.0747

	80RB
	0.7877
	0.0611
	0.0580
	0.2019
	0.0622
	0.0583


Table 2. Cross-correlation evaluation 

(by method 1 in [2]; definition NFFT*IFFT(seq1.*conj(seq2),NFFT)/length(seq1); NFFT is 2048)

· Sequence capacity

Larger ZC sequence length [image: image29.png]


 indicates more sequence candidates in the sequence search process, therefore with same CM and cross-correlation threshold more qualified sequences will be obtained, and even a few hundreds can be available.
Observation 3: Computer searched truncated ZC sequences which are resource location specific have PAPR/CM and cross-correlation property in the same level of LTE UL DM-RS sequences, and potentially larger sequence capacity than LTE UL DM-RS sequences.

Proposal 4: Low PAPR sequence with low correlation property should be considered for UL demodulation RS in NR.
2.3.2 DMRS pattern design

The duplexing flexibility could lead cross-link interference. When cross-link interference exists, the channel estimation performance of UL DMRS will be degraded due to the interference caused by DL signals. Considering the cross-link interference from duplexing flexibility, a symmetric pattern and sequence design between DL DMRS and UL DMRS for CP-OFDM should be considered.

In NR, there is a need for fast data decoding and fast turnaround of the feedbacks, especially for V2V, D2D and UL only scenarios, so the “front loaded” DMRS pattern should be considered for UL DMRS for PUSCH. Besides using the “front loaded” pattern which is used in the DL DMRS pattern is helpful for inter cell interference suppression.

Proposal 5: Support a symmetric pattern design between DL DMRS and UL DMRS with CP-OFDM.
Proposal 6: Support “front loaded” pattern for UL DMRS for PUSCH with both DFT-S-OFDM and CP-OFDM.
2.3.3 Maximum number of orthogonal DMRS ports

In NR, massive 2D antenna array was supported. 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 NR. 
Proposal 7: At least 8 orthogonal partial overlapped ports for DMRS should be supported in NR.

2.3.4 DMRS ports multiplexing scheme

In NR it should be considered that scheduling bandwidths are partially overlapping. The scheduling bandwidths partially overlapping may introduce cross-layer RS interference. In order to solve this problem, cyclic shift is not suitable for DMRS ports for different UEs when ther are partially overlap. The ports multiplexing scheme that muting CS and using FDM and/or TDM and/or OCC between UEs with partially overlap not only can solve the partially overlapping problem, but also can maintain the flexible bandwidth of schedule and partially overlap. CS can be used when there is no partially overlap between UEs.
FDM, TDM and OCC can support enough orthogonal UL DMRS ports without increasing the cost of resources and degrading the performance. Figure 6 shows the throughput of different port multiplexing schemes with the same resources and power overhead. In high SNR, the throughput of “FDM+OCC (OCC=2)” is better than “CS+OCC (OCC=2)”, because in 8 layers (4 UEs MU, 2layers/UE, other simulation assumption can be found in Appendix D) case 4 layers will be multiplexed by CS which will loss part of channel information. 
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Figure 6 8 layers throughput of different multiplexing schemes.

Proposal 8: FDM and/or TDM and/or OCC should be supported for DMRS ports multiplexing.

When using FDM or TDM between different DMRS ports for multiple UEs in MU-MIMO, for each UE, it is beneficial to muting its PUSCH REs that may be used for DMRS transmission of other paired UEs and shift the energy of these REs to its own DMRS through power boosting.

Proposal 9: Power boosting should be considered for UL DMRS for PUSCH.

3 Conclusion

In this contribution, UL DMRS design for data transmission.

Based on these discussions, we have the following observations and proposals:

Observation 1: Due to the increased number of served users in NR, the DMRS inter-cell interference effect will be more detrimental than in LTE.
Observation2: Exchange of information about the used non-orthogonal DMRS across cells/TRPs facilitates DMRS inter-cell interference mitigation and results in a more efficient use of available spectrum.

Observation 3: Computer searched truncated ZC sequences which are resource location specific have PAPR/CM and cross-correlation property in the same level of LTE UL DM-RS sequences, and potentially larger sequence capacity than LTE UL DM-RS sequences.

Proposal 1: Flexible scheduling bandwidth and flexible partial bandwidth overlap between paired UEs for MU-MIMO should be considered in the design of UL DMRS.

Proposal 2: The cross-link interference should be considered in DMRS design.

Proposal 3: Detection performance should be considered in DMRS design for UL grant-free transmission.

Proposal 4: Low PAPR sequence with low correlation should be considered for UL demodulation RS in NR.

Proposal 5: Support a symmetric pattern design between DL DMRS and UL DMRS of CP-OFDM.
Proposal 6: Support “front loaded” pattern for UL DMRS for PUSCH with both DFT-S-OFDM and CP-OFDM.
Proposal 7: At least 8 orthogonal partial overlapped ports for DMRS should be supported in NR.

Proposal 8: FDM and/or TDM and/or OCC should be supported for DMRS ports multiplexing.
Proposal 9: Power boosting should be considered for UL DMRS for PUSCH.
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Appendix A 

Sequence [image: image32.png]


of length N and root q is defined by 

[image: image33.png]Z(n) = &N ne (12,





Base sequences of length 48 are generated by the extension or truncation of ZC sequence with following N and q.

	Sequence No.
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	N
	47
	47
	47
	47
	47
	47
	47
	47
	47
	47

	q
	1
	8
	12
	14
	16
	17
	19
	21
	23
	24

	Sequence No.
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20

	N
	47
	47
	47
	47
	47
	47
	47
	47
	87
	87

	q
	26
	28
	30
	31
	33
	35
	39
	46
	37
	50

	Sequence No.
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30

	N
	117
	117
	125
	125
	129
	129
	151
	151
	223
	223

	q
	10
	107
	27
	98
	14
	115
	69
	82
	83
	140


Appendix B

Sequence [image: image35.png]


of length N and root q is defined by 

[image: image36.png]Z(n) = &N ne (12,





with [image: image38.png]N = 21157



 and following q.

	Sequence No.
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	q
	1149
	1203
	1215
	1345
	1827
	1873
	1962
	2040
	2276
	2927

	Sequence No.
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20

	q
	2931
	3196
	3201
	3223
	3406
	3787
	5596
	6247
	6276
	6426

	Sequence No.
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30

	q
	7736
	7749
	7768
	8693
	8767
	8779
	8970
	9216
	9983
	9996

	Sequence No.
	31
	32
	33
	34
	35
	36
	37
	38
	39
	40

	q
	11161
	11174
	11941
	12187
	12378
	12390
	12464
	13389
	13408
	13421

	Sequence No.
	41
	42
	43
	44
	45
	46
	47
	48
	49
	50

	q
	14731
	14881
	14910
	15561
	17370
	17751
	17934
	17956
	17961
	18226

	Sequence No.
	51
	52
	53
	54
	55
	56
	57
	58
	59
	60

	q
	18230
	18881
	19117
	19195
	19284
	19330
	19812
	19942
	19954
	20008


Appendix C

Simulation Assumption

	Parameter
	Value

	Channel Model
	TDL-B 300ns

	Numerology
	15k

	Velocity
	30km/h

	System Bandwidth
	20MHz

	UE Antenna Configuration
	1Tx, 2Rx

	Receiver
	MMSE receiver

	Modulation order
	QPSK(MCS 0,5,10)


Appendix D 
Simulation Assumption

	Parameter
	Value

	Carrier Frequency
	3.5 GHz

	Channel Model
	CDL-B with 300ns delay

	Velocity
	3km/h

	eNB Antenna Configuration
	32Rx cross polarized array with 0.5λ antenna spacing 

	UE Antenna Configuration
	4 Tx cross polarized array with 0.5λ antenna spacing

	CP
	Normal

	Waveform
	CP-OFDM

	Modulation order
	Up to 64QAM

	Signal Bandwidth
	5MHz

	Channel Estimation
	Non-Ideal

	Receiver 
	MMSE receiver

	Rank Adaption
	No

	UL DMRS pattern of CS+OCC
	Like LTE

	Multiplexing scheme of CS+OCC
	OCC in UE, CS between UEs

	UL DMRS pattern of FDM+OCC
	Fig.6


[image: image39.emf]
Figure 6 UL DMRS pattern of FDM+OCC in the simulation.
1

