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1 Introduction

For CP-OFDM DMRS pattern, in RAN1 #89 meeting [1], the following working assumption was reached.

· UEs in a cell are higher layer configured with 2 DMRS configurations for the front-load DMRS for UL/DL CP-OFDM

· Front-load DMRS Configuration 1: Supports up to 8 ports

· IFDM based pattern with Comb [2] and/or [4] w cyclic shifts (CS)

· One OFDM symbol: 

· To be down selected to 1 Alt:

· Alt 1: Comb 2 + 2 CS, up to 4 ports

· Alt 2: Comb 4 + 2 CS, up to 8 ports

· Two OFDM symbols: 

· To be down selected to 2 Alts:

· Alt. 1: Comb 2 + 2 CS + TD-OCC ({1 1} and {1 -1}), up to 8 ports

· Alt. 2: Comb 2 + 4 CS + TD-OCC ({1 1}), up to 8 ports

· Alt. 3: Comb 4 + 2 CS + TD-OCC ({1 1}), up to 8 ports

· Front-load DMRS Configuration 2: Supports up to 12 ports

· FD-OCC pattern with adjacent REs in the frequency domain

· One OFDM symbol:

· To be down selected to 1 Alt:

· Alt. 1: 2-FD-OCC across adjacent REs in the frequency domain up to 6 ports

· Alt. 2: 2-FD-OCC across adjacent REs in the frequency domain up to 4 ports

· Alt. 3: 2-FD-OCC across adjacent REs in the frequency domain up to 2 ports

· Two OFDM symbols: 

· 2-FD-OCC across adjacent REs in the frequency domain + TDM up to 12 ports

· 2-FD-OCC across adjacent REs in the frequency domain + TD-OCC (both {1,1} and {1,-1}) up to 12 ports

· FFS: DMRS pattern before configuration, e.g., SIB1

For DFT-S-OFDM in resource allocation for PUSCH, it was agreed in the RAN1 #89 meeting [1] that,

· For DFT-s-OFDM based NR-PUSCH transmission, contiguous RB allocation with/without frequency hopping are supported
· At least intra-slot frequency hopping is supported for 14 symbol slot case
· FFS on detailed resource allocation

· FFS on detailed frequency hopping for PUSCH

This contribution discusses the designs of the reference signal for demodulation of UL for both CP-OFDM and DFT-S-OFDM, including design principles, RS sequence, RS pattern and ports multiplexing scheme. 
2 Discussion
2.1 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.
2.2 Sequence design of uplink demodulation RS
ZC sequences are adopted as DMRS sequences in LTE due to the fact that 1) Reference symbols generated with ZC sequences have low PAPR/CM property which is necessary for uplink coverage issue; 2) ZC sequences with different roots have good cross-correlation property, and it can assist to reduce interference brought by UEs sharing the same resource from other cells. Those properties are also desirable for NR uplink DMRS design. 

It has been agreed that ZC sequence should be supported for UL DFT-s-OFDM DMRS. For UL CP-OFDM DMRS design, ZC sequence and PN sequence are two candidates. We think it is beneficial to adopt ZC sequences for UL CP-OFDM DMRS design because ZC sequences have better PAPR/CM [2] and cross-correlation properties than PN sequences. Firstly, lower PAPR/CM property could enable larger DMRS power boosting and it will improve the coverage range for CP-OFDM leading to larger system throughput. Secondly, better cross-correlation property could facilitate reducing inter-cell interference, while better detection performance could be expected for Grant-free transmission.
Proposal 4: ZC sequences should be supported for UL CP-OFDM DMRS in NR.
Traditional circularly extended ZC sequences in LTE are resource allocation specific, meaning that UEs within one cell with same resource allocation bandwidth will use the same sequence to generate reference signals irrespective of the allocated resource location. Considering that interference issue in flexible duplex scenario could be well addressed by advanced receiver, this feature will increase the complexity of blind detection due to numerous hypothesis testing cases. In addition, traditional circularly extended ZC sequences don’t support flexible MU-MIMO paring between DFT-s-OFDM UEs with partially overlapping resources which limits and impairs the MU-MIMO performance in LTE. FDM multiplexing has been inspired. However, sparse FDM will cause performance loss in frequency-selective channel especially for high-order MU-MIMO.
Therefore, a ZC based resource location specific sequence design, which is that the DMRS sequence is determined by resource position besides allocation bandwidth is proposed [3][4]. That is, a truncated ZC sequence from a mother sequence is defined for the maximum system transmission bandwidth, and the UE will take a segment from this full-band sequence corresponding to its resource allocation position as illustrated in Figure X. For system deployment, a group of such truncated ZC sequences with same length and different roots will be available.  As illustrated in [3][4], good PAPR/CM and cross-correlation properties are guaranteed for truncation based ZC sequences. In addition, the receiver complexity of blind interference suppression could be largely decreased, and flexible MU-MIMO pairing can be achieved.
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Figure 1. Resource location specific sequences

Proposal 5: For UL DMRS, down selected from circularly extend ZC design and truncation based ZC design determined by resource allocation positions. 
2.3 Pattern design of uplink demodulation RS
2.3.1 DMRS pattern design for CP-OFDM

Based on the working assumption on CP-OFDM pattern design that was reached in RAN #89 meeting, the candidate schemes mentioned in the working assumption have been evaluated for UL system in contribution [5].  
From the contribution [5], it can be observed that, with a large delay spread, e.g., 1000ns, the DMRS patterns with Comb 2 obviously outperform the patterns with Comb 4, regardless the BLER and throughput. The performance gain of Comb 2 pattern mainly lies in the higher frequency density of each DMRS port, which can capture the channel variation in frequency domain more accurate. Besides, for Comb 4, the orthogonality between CDM-ed REs is more difficult to be guaranteed, which incurs large performance degradation for a large delay spread. 
Based on above analyses, we can thus have the following proposal.
Proposal 6: For the front-load DMRS configuration 1,

· One OFDM symbol: Alt 1(Comb 2 + 2 CS, up to 4 ports) should be supported;

· Two OFDM symbols: Alt 1(Comb 2 + 2 CS + TD-OCC ({1 1} and {1 -1}), up to 8 ports) and Alt 2(Comb 2 + 4 CS + TD-OCC ({1 1}), up to 8 ports) should be supported. 
In configuration2, as given in figure 2, 3 Alts are compared in contribution [5]. From the simulation results, it can be observed that Config2-Alt.1 achieves similar performances as Config2-Alt.2 when supporting 4 orthogonal ports. For a middle MCS, e.g., MCS = 16, 19, 22, 24, Config2-Alt.1 achieves similar performances as Config2-Alt.3 in terms of BLER and throughputs. For high MCS, e.g., MCS = 27, Config2-Alt.1 slightly outperforms Config2-Alt.3 due to low RS overhead. Besides, it can be noticed that Config2-Alt.1 shares a common structure with the 2-symbol patterns of Configuration 2, which is easy for UE to estimate all DMRS patterns with a common channel estimator. Whereas, Config2-Alt.2 and Alt.3 have total different pattern structures from the 2-symbol patterns, which thus needs individual design for channel estimation, incurring additional system complexity. Considering the system performance and the common structure design of DMRS pattern, Config2-Alt.1 is thus preferred. 
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Figure 2. DMRS patterns of Configuration 2 with one OFDM symbol.

Based on above analyses, we can thus have the following proposal.
Proposal 7: For front-load DMRS configuration2, Alt 1(2-FD-OCC across adjacent REs in the frequency domain up to 6 ports) should be supported in one OFDM symbol case. 
2.3.2 DMRS pattern design for DFT-S-OFDM
In RAN1 #86bis meeting, it was agreed that DFT-S-OFDM based waveform is limited to a single stream transmissions and target for link budget limited cases in which it is very difficult to schedule too many layer. So the max number of orthogonal ports for DFT-S-OFDM will be less than CP-OFDM. 
For DFT-S-OFDM with a few DMRS ports, one OFDM symbol is enough. When two OFDM symbols are assigned to a few DMRS ports, two schemes usually are adopted: one is data and DMRS share the same OFDM symbol by FDM, the other is increasing the density of each DMRS port. In NR, DFT-S-OFDM is only used in link budget limited case which makes DFT-S-OFDM need low PARP.  In other words, the PUSCH and DMRS cannot share the same OFDM symbol by adopting FDM which will increase the PAPR. For a few DMRS ports, one OFDM symbol can guarantee enough frequency density and there is no need to waste an OFDM symbol to increase the density.
In addition, considering frequency hopping which is agreed in RAN1 #89 meeting for DFT-S-OFDM ，the overhead of  DMRS will be multiplied. Because frequency hopping divide the scheduling resource into few resource units and different resource unit occupies different RB which needs independent DMRS to estimate channel. If two OFDM symbols are assigned to DMRS for DFT-S-OFDM, the frequency hopping will make the overhead very large and severely degrade performance.
FDM can be used for UL DMRS with DFT-S-OFDM. Some example patterns with FDM for DFT-S-OFDM with one symbol are shown in figure 3. 
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Figure 3.  Example patterns for UL DMRS with DFT-S-OFDM.
Based on above analyses, we can thus have the following proposal.

Proposal 8: For DFT-S-OFDM, one OFDM symbol for DMRS is enough per resource unit at least for static users. 
3 Conclusions
In this contribution, UL DMRS design for data transmission has been discussed. 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. 

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.
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: ZC sequences should be supported for UL CP-OFDM DMRS in NR.
Proposal 5: For UL DMRS, down selected from circularly extend ZC design and truncation based ZC design determined by resource allocation positions. 
Proposal 6: For the front-load DMRS configuration 1,

· One OFDM symbol: Alt 1(Comb 2 + 2 CS, up to 4 ports) should be supported;

· Two OFDM symbols: Alt 1(Comb 2 + 2 CS + TD-OCC ({1 1} and {1 -1}), up to 8 ports) and Alt 2(Comb 2 + 4 CS + TD-OCC ({1 1}), up to 8 ports) should be supported. 

Proposal 7: For front-load DMRS configuration2, Alt 1(2-FD-OCC across adjacent REs in the frequency domain up to 6 ports) should be supported in one OFDM symbol case.

Proposal 8:  For DFT-S-OFDM, one OFDM symbol for DMRS is enough per resource unit at least for static users.
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