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1. Introduction
In RAN1#86, DMRS related agreements including extended/additional RS, NR RS configuration, the number of DMRS ports were made as follows: 
	Agreements:

· In addition to the front-loaded RS agreed to study in RAN1#85, same or extended/additional RS is studied in NR of at least the following:
· Estimate/compensate Doppler parameters
· Compensate phase rotation and frequency offset

· Note that RS may or may not be UE-specific
Agreements:

· Demodulation reference signal for transmit diversity, if supported, could be

· UE-specific RS (if supported by NR)

· Shared (by two or more UEs)-RS (if supported by NR)
· Other types of RS are not precluded

Agreements:

· NR support NR RS configured on a per UE basis

· FFS whether or not to support always-on non-UE-specific RS in NR

· Including the details of always-on and non-UE-specific, if supported

	Agreements:
· DL DMRS and UL DMRS based spatial multiplexing (SU-MIMO/MU-MIMO) is supported
· FFS: Necessity of sidelink spatial multiplexing
· At least 8 orthogonal DL DMRS ports is supported for SU-MIMO scheduling
· At least 8 orthogonal DL DMRS ports is supported for MU-MIMO scheduling
· Support dynamic switching between transmission methods/schemes, e.g. between

· Transmit diversity
· Spatial multiplexing


In this contribution, we discuss design issues for NR DMRS and provide performance evaluation according to mobile speed.
2. Discussion
2.1 NR DMRS design principle

For NR system design, various requirements are considered as follows:
· Frequency bands: 700MHz, 2GHz, 4GHz, 30GHz, 70GHz 
· Environments: Indoor, Dense urban, High speed, Urban macro, Extremely large coverage
· Mobility: up to 500km/h

· Service Types: eMBB, URLLC, mMTC

We can notify that NR system should be operated in extremely with a different environments (e.g. coverage, Doppler, etc.) and wireless channel of wide range frequency bands. In terms of system design, single common design for all environments provides benefit to make system design simple. However, if we consider RS design, the requirements for NR makes difficult to meet all requirements using single common RS like as LTE CRS. On the other hand, if we design several types of RS for each condition, it may increase hardware complexity. So, we think it would be efficient to design DMRS by basic RS and additional feature for special purpose (e.g. high Doppler compensation, phase shift compensation, large coverage enhancement, ultra reliability, etc.).
Proposal 1: NR supports to design DMRS by basic DMRS and additional RS for special purpose.
Based on the agreement in RAN1#85, we can assume that DMRS is located at first part of data channel. Also, according to the agreement in RAN1#86, we can consider to introduce additional DMRS for channel estimation performance enhancement. Furthermore, for phase rotation compensation at above 6GHz band, special type of RS could be introduced. In Figure 1, we illustrate an example of NR DMRS.
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Figure 1.Example of basic DMRS and Additional RSs
As shown in Figure 1, we assume two different types of DMRS (i.e. Basic DMRS and Additional RS) located within a given duration (e.g. subframe, slot, etc.). 
Basic DMRS can be defined as a reference signal loaded at the front part of data channel within a given time duration, which may be always transmitted for data demodulation if there is not special restriction. For example, basic DMRS could be transmitted at every 7 or 14 OFDM symbols. Generally, we can assume that Basic DMRS is a UE specific RS in both DL and UL. In addition, in order to allow same DMRS ports are shared by several UEs, we can consider a possibility to support non-UE specific DMRS for the case of downlink OL-MIMO, and it seems to provide a benefit of channel estimation performance enhancement.
Additional RS can be defined as an additionally transmitted reference signal within a given time duration for the special purpose including Doppler compensation, phase rotation compensation, etc. In the high Doppler case, additional RS for Doppler compensation could be transmitted in the middle of the given time duration, and this RS would be same with basic DMRS. Also, additional RS for phase rotation compensation could be introduced at above 6GHz frequency band. It is desirable for RS to be located at certain REs in every OFDM symbol. In our companion contribution in [1], more considerations on RS for phase rotation tracking and compensation are described. These additional RS could be operated by dynamic configuration or triggering condition (e.g. transmission scheme, modulation order, RNTI, etc.).
Proposal 2: NR supports that Basic DMRS is always transmitted at the front of data channel within a given time duration, and additional RS is transmitted by configuration or triggering condition.
2.2 NR DMRS Pattern
In RAN1#86 meeting, it was agreed that at least 8 DL DMRS ports is supported for SU-MIMO and MU-MIMO. Also, we see that at least 4 layers for UL SU-MIMO should be supported in NR. If NR supports that same DMRS pattern is applied for both DL and UL, we can think that full or partial sets of DMRS resource designed for supporting at least 8 DL DMRS ports could be used for UL SU/MU-MIMO. Also, for future improvement, DMRS could be designed for supporting maximum 16 layers for DL and 8 layers for UL.

Observation 1: If NR supports that same DMRS pattern is applied for both DL and UL, full or partial sets of DMRS resource designed for supporting at least 8 DL DMRS ports could be used for UL SU/MU-MIMO.
For higher rank transmission or multi-user transmission, DMRS should provide multiple ports which are multiplexed within a limited resource for DMRS. Especially, in NR, we assume that multiple DMRS ports are multiplexed within one or two OFDM symbols. Figure 2 illustrate an example of DMRS port multiplexing method for NR DMRS.
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Figure 2. Example of AP Multiplexing for NR DMRS

As an example, we provide four candidate multiplexing methods including FDM-8, FDM-2 & OCC-4, Comb-2 & CDM-4 and CDM-8.
- FDM-8: Frequency resources are assigned to each DMRS ports.
- FDM-2 & OCC-4: A group for four DMRS ports share contiguous frequency resource, and four DMRS ports are distinguished by OCC-4. Also, different frequency resources are assigned to each DMRS port groups.
- Comb-2 & CDM-4: A group for four DMRS ports share interleaved frequency resource, and four DMRS ports are distinguished by time domain cyclic shift (e.g. 4-DFT). Also, different frequency resources are assigned to each DMRS port groups.
- CDM-8: All DMRS ports share frequency resource, and DMRS ports are distinguished by time domain cyclic shift (e.g. 8-DFT).
According to multiplexing method, channel estimation performance would be different due to the sensitivity to frequency selectivity and inter-layer interference. So, it is necessity to investigate channel estimation performance according to DMRS port multiplexing method in terms of channel estimation method, sensitivity to channel variation, etc. In our companion contribution [2], performance evaluation results of DMRS port multiplexing method are provided.

Also, when we design the pattern and sequence for NR DMRS, we need to consider on several aspects including flexibility of MU-MIMO pairing, Multiplexing capacity of multi-layer, PARP/CM property, inter-cell interference mitigation, etc.
Proposal 3: DMRS port multiplexing method (e.g. FDM-8, FDM-2 & OCC-4, Comb-2 & CDM-4 and CDM-8) should be studied in terms of channel estimation method, sensitivity to channel variation, etc.

Proposal 4: For NR DMRS design, NR should consider on several aspects including flexibility of MU-MIMO pairing, Multiplexing capacity of multi-layer, PARP/CM property, inter-cell interference mitigation, etc.
2.3 Sharing of NR DMRS between control channel and data channel
In NR, we discuss NR DMRS design based on the assumption that one or more OFDM symbols are assigned for DMRS in a given time duration. Since DMRS overhead would limit the capacity of data channel and control channel, it is necessity to study a method for RS overhead reduction when we design DMRS in NR. As one of possible method to reduce the DMRS overhead, we can consider a sharing of NR DMRS between DL control channel and DL data channel. For the RS sharing, two alternatives are considered in NR.
· Alt.1: Sharing a DMRS for DL data channel
· Alt.2: Sharing a RS defined in downlink control channel 
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(a) DMRS sharing                 (b) Control channel RS sharing
Figure 3.Example of RS sharing for downlink channel
If DMRS is shared for DL control channel and DL data channel, we can expect to increase DL control channel capacity because more resource element could be used for control channel instead of reference signal. On the other hand, control channel decoding latency could be increased because DMRS is transmitted later than control channel.
If RS defined for DL control channel is shared with DL data channel, we can think one possibility that DMRS is not transmitted in certain frequency band where RS can be shared. In this case, REs for DMRS could be used for data transmission. On the other hand, UE specific beamforming could not be expected from the RS. Also, maximum number of RS ports for control channel would be limited. So, it seems to be desired that RS for control channel is shared for data channel when low data rate transmission is required.
3. Performance Evaluation
In this section, we provide performance evaluation to verify the necessity of additional RS in NR. In this simulation, we assume that two and three OFDM symbols are used for DMRS within a given time duration. Figure 4 shows an example of additional RS position. 
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(a) Two OFDM symbols for DMRS          (b) Three OFDM symbols for DMRS

Note: DMRS density (1 symbol = 8.33%, 2 symbols = 16.67%, 3 symbols = 25.00%)

Figure 4. Example of additional RS position

Figure 4 and 5 show BLER performance of QPSK modulation according to velocity (from 3km/h to 500km/h). In this simulation, it is assumed that perfect channel at DMRS position is used, and time interpolation is not considered. Details of simulation assumption are listed in ANNEX.
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(a) Two OFDM symbols for DMRS          (b) Three OFDM symbols for DMRS

Figure 4. BLER performance of QPSK 3/8 (SISO, 2GHz)
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(a) Two OFDM symbols for DMRS          (b) Three OFDM symbols for DMRS

Figure 5. BLER performance of QPSK 7/8 (SISO, 2GHz)

From the figures, it is observed that additional RS in time domain provide robust performance against high Doppler frequency. Especially, in Figure 5(b), we can see the potential of supporting high velocity (e.g. 250km/h, 500km/h) using three symbol DMRS. However, DMRS overhead should be considered.
Observation 1: Additional RS in time domain provides robust performance against high Doppler frequency.
4. Conclusion
In this contribution, we discussed some design issues for NR DMRS and provided performance evaluation according to mobile speed. From the discussion, we propose as follow:

Proposal 1: NR supports to design DMRS by basic DMRS and additional RS for special purpose.

Proposal 2: NR supports that Basic DMRS is always transmitted at the front of data channel within a given time duration, and additional RS is transmitted by configuration or triggering condition.
Proposal 3: DMRS port multiplexing method (e.g. FDM-8, FDM-2 & OCC-4, Comb-2 & CDM-4 and CDM-8) should be studied in terms of channel estimation method, sensitivity to channel variation, etc.

Proposal 4: For NR DMRS design, NR should consider on several aspects including flexibility of MU-MIMO pairing, Multiplexing capacity of multi-layer, PARP/CM property, inter-cell interference mitigation, etc.
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Annex
Table 1. Simulation Assumptions
	Parameters
	Values

	Carrier frequency
	2GHz

	Channel model
	EPA

	Subcarrier Spacing
	15kHz

	# of RBs
	8

	Coding Scheme
	Turbo Coding

	Antenna Configuration
	SISO

	MCS level
	QPSK, 3/8, 7/8

	Channel Estimation
	Perfect Channel Estimation @ DM-RS position
(w/o time interpolation)

	Speed
	3, 15, 30, 60, 120, 250, 500km/h

	Doppler
	6, 28, 56, 111, 222, 436, 926Hz
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