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1 Introduction

For CP-OFDM DMRS pattern, at the previous meeting (Ad Hoc Meeting in Qingdao) [1], the following agreements were made:
· The working assumption made in RAN1#89 for DM-RS is updated and agreed as follows for CP-OFDM:

· A UE is configured by higher layers with DMRS pattern either from the front-loaded DMRS Configuration type 1 or from the front-loaded DMRS Configuration type 2 for DL/UL:

· Configuration type 1:

· One symbol:

· Comb 2 + 2 CS, up to 4 ports

· Two symbols:

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

· Note: It should be possible to schedule up to 4 ports without using both {1,1} and {1,-1}.

· Configuration type 2:

· One symbol:

· 2-FD-OCC across adjacent REs in the frequency domain, up to 6 ports

· Two symbols:

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

· Note: It should be possible to schedule up to 6 ports without using both {1,1} and {1,-1}.

· From UE perspective, frequency domain CDMed DMRS ports are QCLed.

· FFS: Whether the front-load DMRS configuration type for a UE for UL and DL can be different or not.

· Note: If there are significant complexity/performance issues involved in the above agreements, down-selection can still be discussed

For CP-OFDM DMRS sequence, the following agreement was made at the previous meeting.

· Both in DL and UL DMRS for CP-OFDM, only PN sequence is supported

For DFT-s-OFDM DMRS pattern, at the previous meeting, the following agreements were made:
· For DFT-S-OFDM based PUSCH DMRS

· DMRS are mapped to resource elements using a comb structure (IFDMA). 

· DMRS and associated PUSCH are multiplexed in time domain

· At least the following (repetition factor, CS) combinations is supported

·  (2, 2)

· Front load DMRS is allocated to 1 or 2 OFDM symbols

· When 2 OFDM symbols are allocated, TD-OCC ({1 1} and {1 -1}) are supported for orthogonal DMRS port multiplexing.

· FFS the detailed applicability of 1 vs. 2 OFDM symbols

· FFS the location of the DMRS symbol(s)
For multiplexing between DMRS and data, the following agreements were been made at last meeting.
· Study further aspects related to DMRS and data multiplexing in DL and UL considering 14 and 7 symbol slots/mini-slots, 1 vs. 2 front loaded DM-RS symbols, additional DM-RS, etc.

· Study further aspects related to possibly power boosting DM-RS (performance, complexity, spec impact)
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, orthogonal port number and multiplexing scheme. 
2 Discussion
2.1 Design principles of uplink demodulation RS
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 partial bandwidth overlap between paired UEs for MU-MIMO should be considered in the design of UL DMRS.
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 Uplink demodulation RS design for CP-OFDM
Based on the agreement about multiplexing between DMRS and data at the last meeting, the candidate schemes used for multiplexing between DMRS and data have been evaluated for UL system in contribution [2].  For DMRS configuration 1 and 2 with 1/2 symbol, it can be observed that 
•
For low SNR, FDM multiplexing scheme achieves similar or slightly better throughput performances than TDM multiplexing scheme.

•
For most of SNR region, FDM multiplexing scheme outperforms TDM multiplexing scheme in terms of throughput performance, e.g., about 6% gain for DMRS Configuration 2 with 1 symbol, about 13.3% gain for DMRS Configuration 2 with 2 symbols.
The main reason of the performance gain of FDM is that the DMRS density of FL DMRS pattern is enough to provide satisfactory channel estimation accuracy and thus the gain provided by DMRS power boosting is limited. FDM scheme which provides more REs for data transmission can directly improve the spectral efficiency and thus is more preferred.
Proposal 2: For UL, in terms of DMRS and data multiplexing, FDM between DMRS and data should be supported.
2.3 Uplink demodulation RS design for DFT-s-OFDM

2.3.1 Sequence design

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 1. 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 3: For UL DMRS, down selected from circularly extend ZC design and truncation based ZC design determined by resource allocation positions. 
2.3.2 Pattern design
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.

Based on above analysis, we can thus have the following proposal.

Proposal 4: For DFT-S-OFDM, one OFDM symbol for DMRS is enough per resource unit at least for static users in scheduled case. 
2.3.3 Relationship with CP-OFDM

In this section, we discuss whether to support MU pairing between DFT-s-OFDM and CP-OFDM.

If DFT-s-OFDM and CP-OFDM are forced to MU paired, although the DMRS of 2 waveforms can be orthogonal in some specific configurations, the data of different waveform will be mixed together. The characteristics of DFT-s-OFDM and CP-OFDM are different and the effects of channel and interference on the useful signal of two waveforms are also different. These differences lead to different ways of optimizing the performance of the two waveforms. To decode the data for the two different waveforms, the complexity of UE decoding will be increased. So, the performance of MU between two waveforms should be study carefully before supporting them.

CDM is not suitable to support the MU between DFT-s-OFDM and CP-OFDM. Because the DFT-s-OFDM adopts the ZC sequence and the CP-OFDM uses the PN sequence. FDM is also not suitable. Because if DFT-s-OFDM and CP-OFDM is FDMed, the maximum number of orthogonal port for CP-OFDM will be severely limited. Taking Configuration type 1 for an example, the maximum number for CP-OFDM is halved. In addition it will increase the overhead of the signaling used for DMRS that DFT-s-OFDM and CP-OFDM is FDMed. 
Proposal 5: Since there is no obvious benefit, MU pairing between DFT-s-OFDM and CP-OFDM is not supported. 
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 partial bandwidth overlap between paired UEs for MU-MIMO should be considered in the design of UL DMRS.
Proposal 2: For UL, in terms of DMRS and data multiplexing, FDM between DMRS and data should be supported.
Proposal 3: For UL DMRS, down selected from circularly extend ZC design and truncation based ZC design determined by resource allocation positions
Proposal 4: For DFT-S-OFDM, one OFDM symbol for DMRS is enough per resource unit at least for static users in scheduled case.

Proposal 5:  Since there is no obvious benefit, MU pairing between DFT-s-OFDM and CP-OFDM is not supported.
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