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1. Introduction
In RAN1 #88, the following were agreed with respect to DM-RS pattern design [1]:
Agreements:

· At least for CP-OFDM, NR supports a common DMRS structure for DL and UL

· DMRS for same or different links can be configured to be orthogonal to each other. 

· FFS exact DMRS location, DMRS pattern, and, scrambling sequence for the common DMRS structure.
Agreements:

· Confirm working assumption with some updates:

· Front-loaded DMRS is mapped over 1 or 2 adjacent OFDM symbols

· NR aims for performance at least comparable to DM-RS of LTE in scenarios where applicable for both LTE and NR
Agreements:
· For DL DMRS port multiplexing, FDM (including comb), CDM (including OCC and Cyclic shift) and TDM should be considered

· For the CDM of DMRS ports in time and/or frequency domain

· FFS for OCC based or cycling based

· FFS: supporting CDM across adjacent REs 
· FFS: supporting cyclic shift across non-adjacent REs

· FFS OCC size

· Support PN sequence for CP-OFDM

· FFS: ZC-sequence for CP-OFDM

· FFS: For the case front-loaded DMRS pattern with 4 ports, 1 OFDM symbol is supported

· FFS: For the case of front-loaded DMRS pattern with 8 ports, two adjacent OFDM symbols are supported

· For high Doppler scenario, down selects from the followings
· Additional DMRS with reduced density in frequency domain compared to front loaded DMRS

· Additional DMRS with same density in frequency domain compared to front loaded DMRS

· Note that: Front loaded DMRS can be configured with low density

· Note: the complementary use of PT-RS for high Doppler channel estimation can be considered when determining the number of the additional DMRS.
· Other option is not precluded
· Support DMRS bundling in time domain

· At least time domain bundling with slot aggregation of DL-only slots is supported

· DMRS pattern within the first slot is not impacted by the time domain DMRS bundling

· FFS: Consider further overhead reduction of DMRS in case of bundling in time domain

· Consider whether to use mechanism of UE-assisted DMRS configuration. 

· Consider  whether to use UE-assisted configuration of PRG size
Agreements:

· Study further DMRS configuration(s) for CP-OFDM (DL&UL) and DMRS configuration(s) for DFT-s-OFDM (UL) for a given number of antenna ports, considering at least:

· DMRS pattern/position, multiplexing scheme, MU-MIMO (within CP-OFDM UEs, between CP-OFDM&DFT-s-OFDM UEs), etc.

· Whether or not to have the same number configuration(s) in DL and UL for CP-OFDM

· Possible frequency domain configurations considering:

· DMRS overhead 

· Channel estimation performance

· Possible time domain configurations assuming the following scenarios 

· Low, Medium, high, & very high mobility

· Carrier frequency

· Latency
Variable front-loaded and additional DMRS configuration had discussed in our company’s previous contribution [2]. In this contribution, we provide our views on data and control channel DMRS design.
2. Discussion
2.1. DMRS design for data channel

In order to handle different application scenarios with a unified physical layer design, front-loaded DMRS was introduced. Front-loaded DMRS is mainly used to achieve early decoding for low latency traffic. In the scenarios of slowly varying channel, front-loaded DMRS alone can be used for channel estimation and channel measurement. In the scenarios of fast varying channel, front-loaded DMRS should support Doppler frequency and time delay spread estimation. Considering demodulation performance and overhead, it seems a DMRS antenna port comprising at most two symbols in time domain and at least two subcarriers in frequency domain is preferred. As time and/or frequency domain of DMRS density is configurable, it may lead to huge control signaling overhead. To reduce the overhead of control signaling, it is beneficial to predefine the front-loaded DMRS pattern. The design of front-loaded DMRS pattern within a schedule unit should follow the principles as below:
· Occupy at most two adjacent OFDM symbols in time domain.
· Occupy at least two subcarriers in frequency domain.
· Inter-antenna ports can be separated by TDM, FDM and CDM.

· The performance of front-loaded DMRS is at least comparable to DM-RS of LTE in the scenarios which are applicable for both LTE and NR [1].
From the point view of complexity of UE implementation, the location of front-loaded DMRS should be fixed or semi-static. Besides, dynamic variable front-loaded DMRS location may lead to additional control channel or signaling overhead. For the purpose of control overhead reduction and early decoding, the location of front-loaded DMRS needs to be fixed or semi-static.
Based on above discussion, examples of 8 orthogonal front-loaded DMRS antenna ports separated by combinations of FDM, TDM and CDM are shown in Figure 1, 2, 3 respectively.
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Figure 1: 8 orthogonal front-loaded DMRS antenna ports separated by FDM and CDM
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Figure 2: 8 orthogonal front-loaded DMRS antenna ports separated by TDM, FDM and CDM
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Figure 3: 8 orthogonal front-loaded DMRS antenna ports separated by TDM and FDM
Comparisons of the above examples are summarized in Table 1.
Table 1: Comparisons of 8 orthogonal front-loaded DMRS antenna ports pattern examples
	Comparison items
	Example 1
	Example 2
	Example 3

	Multiplexing
	FDM and CDM(OCC 2)
	FDM, CDM(OCC 2)
and TDM
	FDM and TDM

	Number of occupying symbol(s) for 4 antenna ports
	2
	1
	1 or 2

	Location of low rank antenna ports
	Middle
subcarriers
	Non middle subcarriers
	Middle subcarriers

	Power boosting
	High
	Low
	High

	Transmission scheme supporting
	Easier
	Easier
	More complex


According to the comparison, conclusions are obtained as follows:

· At least support FDM for front-loaded DMRS antenna ports.

· If adopt CDM for front-loaded DMRS antenna ports, at least OCC-2 should be supported as a baseline, OCC-4 and OCC-8 need to be further studied.
Besides, considering demodulation performance for different application scenarios, middle subcarriers within a schedule unit can be allocated preferentially for the front-loaded DMRS antenna ports associated with low rank. The issues of power boosting and transmission scheme support should be considered for front-loaded DMRS design.
Proposal 1:
· At least support FDM for front-loaded DMRS antenna ports.

· If adopt CDM for front-loaded DMRS antenna ports, at least OCC-2 should be supported as a baseline, OCC-4 and OCC-8 need to be further studied.

Proposal 2:
· Considering demodulation performance for different application scenarios, middle subcarriers within a schedule unit can be allocated preferentially for the front-loaded DMRS antenna ports associated with low rank.
· Issues of power boosting and transmission scheme support should be considered for front-loaded DMRS design.

Generally, DMRS is used for data and control channel demodulation. Additionally, in NR systems, DMRS may be also used for CSI measurement and other purposes. Besides, the DMRS pattern may be affected by the change of system numerology and frame structure. Therefore, additional DMRS is proposed. Similar to front-loaded DMRS, the overhead of additional DMRS also should be considered. The change of additional DMRS pattern can be based on front-loaded DMRS pattern. The configuration of additional DMRS should be variable and it can be transmitted by DCI or MAC CE. Additional DMRS pattern design should be considered:
· Partial/full front-loaded DMRS pattern changing in time and/or frequency domain density.

· Partial/full front-loaded DMRS pattern shifting in time and/or frequency domain.

· Hybrid consideration of above ways.

According to above discussions, an example of 4 additional DMRS antenna ports design based on 4 front-loaded DMRS antenna ports with doubled time domain density is depicted in Figure 4. 
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Figure 4: Additional DMRS pattern based on front-loaded DMRS pattern by increasing density
Proposal 3:
· The change of additional DMRS pattern can be based on front-loaded DMRS pattern. The configuration of additional DMRS should be variable and it can be transmitted by DCI or MAC CE. Additional DMRS pattern design should be considered:
· Partial/full front-loaded DMRS pattern changing in time and/or frequency domain density.

· Partial/full front-loaded DMRS pattern shifting in time and/or frequency domain.

· Hybrid consideration of above ways.
2.2. DMRS design for control channel 

For CP-OFDM system in flexible duplex application scenarios, DL and UL DMRS can be configured with a common structure [1]. However, for DFT-S-OFDM system, in order to keep single carrier characteristic, one or more dedicated symbols should be reserved for DMRS. Since NR UL should support both CP-OFDM and DFT-S-OFDM, to reduce the overhead of configuration, a common DMRS pattern for NR PUCCH should be considered. Specially, when NR-PUCCH is allocated for more than 2 symbols, a common DMRS pattern can be used for both CP-OFDM and DFT-S-OFDM.
Example of DMRS pattern for NR-PUCCH is depicted in figure 5. Regarding to a single antenna port pattern for both CP-OFDM and DFT-S-OFDM, comb-based DMRS pattern is adopted. More antenna ports or different waveform user can be separated by the way of FDM or CDM or cyclic shift. 
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Figure 5: DMRS pattern for NR-PUCCH
Proposal 4:
· Since NR UL should support both CP-OFDM and DFT-S-OFDM, a common DMRS pattern for NR-PUCCH should be considered to reduce the overhead of configuration.

3. Conclusion

In this contribution, data and control channel DMRS pattern design are discussed with the following proposals:
Proposal 1:
· At least support FDM for front-loaded DMRS antenna ports.

· If adopt CDM for front-loaded DMRS antenna ports, at least OCC-2 should be supported as a baseline, OCC-4 and OCC-8 need to be further studied.

Proposal 2:
· Considering demodulation performance for different application scenarios, middle subcarriers within a schedule unit can be allocated preferentially for the front-loaded DMRS antenna ports associated with low rank.
· Issues of power boosting and transmission scheme support should be considered for front-loaded DMRS design.

Proposal 3:
· The change of additional DMRS pattern can be based on front-loaded DMRS pattern. The configuration of additional DMRS should be variable and it can be transmitted by DCI or MAC CE. Additional DMRS pattern design should be considered:
· Partial/full front-loaded DMRS pattern changing in time and/or frequency domain density.

· Partial/full front-loaded DMRS pattern shifting in time and/or frequency domain.

· Hybrid consideration of above ways.

Proposal 4:
· Since NR UL should support both CP-OFDM and DFT-S-OFDM, a common DMRS pattern for NR-PUCCH should be considered to reduce the overhead of configuration.
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