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1 Introduction
In RAN1#88 meeting, the following agreements of the DL DMRS for NR physical data channels have been made [1]:
· 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
· 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

· 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

In this contribution, the remaining issues for above agreements for DL DMRS design will be discussed.
2 Discussions for DL DMRS
DMRS pattern
In [87-28] email discussion, companies proposals on DL DMRS patterns/positions and DMRS port multiplexing methods have been collected [2]. In this section, we provide more details for Samsung’s proposal on DL DMRS pattern. The proposed DL DMRS patterns for NR are depicted in Figure 1:
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Figure 1 The proposed DL DMRS patterns for NR [2]
In Pattern1, 8 REs are used for DMRS within an OFDM symbol for supporting up to 2 orthogonal ports. As shown in Figure 1(a), DMRS ports 0 and 1 are mapped to blue REs (across 2 adjacent in frequency REs) with OCC=2. For orthogonal ports extension, additional multiplexing methods can be applied. For example, further FDM extensions within an OFDM symbol can be used for 4 DMRS port multiplexing by allocating 4 REs per each antenna port. Plus, TDM across 2 adjacent OFDM symbols can be used for additional port multiplexing. Compared to other patterns in [2], Pattern1 has higher RS density for low layer transmissions so that ensures robust DMRS performance especially in low SNR region. Also, Pattern1 might be more susceptible to high delay spread scenarios and large subcarrier spacing due to dense RS pattern over frequency domain. 
On the other hand, Pattern2 has 4 DMRS REs within an OFDM symbol for supporting up to 2 orthogonal ports. As shown in Figure 1(b), Pattern2 is a nested structure of Pattern1 and similar multiplexing method of Pattern1 can be applied. Therefore, with Pattern1, Pattern2 can be used for another frequency domain configuration in order to reduce DMRS overhead. Our companion contribution provides evaluation results for different DL DMRS patterns and shows that Pattern1 and Pattern2 yield high throughput performance in most of evaluation scenarios by providing good trade-off between channel estimation performance and DMRS overhead [3]. Moreover, Pattern2 can be used in a mini-slot or control channels where the number of OFDM symbols for transmissions are limited [4][5]. In this case, reduced DMRS overhead is important and Pattern2 can be configured with considering one or two layer transmission(s). In these aspects, we can make the following proposal:
Proposal1: Support two DMRS patterns with different frequency domain density for adjusting trade-off between channel estimation performance and DMRS overhead.
In addition, the proposed DL DMRS Pattern1 and 2 are easy to handle DC subcarrier. In RAN1 NR AH meeting [6], the following agreements were made 
· For UL, the transmitter DC subcarrier at the transmitter (UE) side should avoid collisions at least with DMRS if possible

· RAN1 should consider the impact of the potential receiver DC subcarrier collision with RS used by that receiver, and whether NR design would offer the possibility of collision free operation
Also, for DL/UL symmetry, the following agreement was made in RAN1#88 meeting [1]: 
· At least for CP-OFDM, NR supports a common DMRS structure for DL and UL
Based on above agreements, it is suggested that avoiding collision between DC subcarrier and DMRS. In order to avoid collision between DC subcarrier and DMRS, all subcarriers cannot be used for DMRS and the proposed DMRS Pattern1 and 2 satisfy this condition. However, avoiding collision between DC subcarrier and DMRS can be considered for CP-OFDM waveform first since for DFT-S-OFDM the trade-off between low PAPR/CM and avoiding collision between DC subcarrier and DMRS should be carefully studied [7]. Furthermore, in NR, multiple numerologies such as different subcarrier spacings can be time domain multiplexed in one carrier [8]. Therefore, over two consecutive slots, different subcarrier spacings can be supported. Figure 2 shows an example that f0 subcarrier spacing is used at t1, 2*f0 subcarrier spacing is used at t2, and 4*f0 subcarrier spacing is used at t3 when RB grids for three numerologies are aligned at center. When mixed subcarrier spacings are supported, in order to avoid additional receiver procedure moving DC subcarrier, it is desirable that DC subcarrier location does not change over time for both in gNB and UE sides [8]. As shown in Figure 2, regardless of numerologies, the proposed DMRS pattern can support fixed position of DC location. Therefore, the proposal can be made as:
Proposal2: At least for CP-OFDM, DMRS design should take into account avoiding collision with DC subcarrier.
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Figure 2 An example of DMRS pattern and DC subcarrier location considering multiple numerologies
Front-loaded DMRS
In NR, at least front-loaded DMRS is supported as one configuration for variable/configurable DMRS pattern for data demodulation [9]. In RAN1#88 meeting [1], the following agreement was made for front-loaded DMRS:
· Front-loaded DMRS is mapped over 1 or 2 adjacent OFDM symbols.
With this agreement, we discuss about further down-selection between 1 and 2 OFDM symbols for the front-loaded DMRS. If we consider low layer transmission, the front-loaded DMRS mapped on 1 OFDM symbol is enough since maximum 12 REs can be used for DMRS REs. However, if we consider high layer transmission more than 4, DMRS port multiplexing within 1 OFDM symbol results in poor channel estimation performance. Therefore, 2 OFDM symbols for the front-loaded DMRS should be supported for more than 4 layer transmission. In this aspect, the number of OFDM symbols for the front-loaded DMRS can be decided by the number of transmission layers. The proposal from this section can be summarized as:

Proposal3: The number of OFDM symbols for the front-loaded DMRS can be decided by the number of transmission layers.
· For the case front-loaded DMRS pattern with 4 ports, 1 OFDM symbol is supported

· For the case of front-loaded DMRS pattern with 8 ports, two adjacent OFDM symbols are supported
Additional time domain DMRS structure
In addition to the front-loaded DMRS, additional time domain configurations should be introduced as another DMRS configuration since the front-loaded DMRS cannot support high Doppler operation and frequency offset correction. For example, for high Doppler operation, DMRS transmission instances configured for the later part of slot can be provided to UE in addition to the front-loaded DMRS in order to compensate the channel variation during the remaining of the transmission slot. Further, DMRS needs to enable frequency offset correction and this can at least occasionally require two DMRS transmissions per transmission slot. According to the agreements made in RAN1#88 meeting [1], we can consider following two options as:

· Opt-1: Additional DMRS with reduced density in frequency domain compared to front loaded DMRS

· Opt-2: Additional DMRS with same density in frequency domain compared to front loaded DMRS

· Note that: Front loaded DMRS can be configured with low density
In order to compare above two options, we provide LLS performance based on DMRS patterns as depicted in Figure 3. For Opt-1, as shown in Figure 3(a), the proposed DMRS Pattern1 and Pattern2 are utilized. For Opt-2, two different additional DMRS patterns are used for evaluation. First of all, Pattern1 with high DMRS density is considered as in Figure 3(b). Second, Pattern2 with low DMRS density is considered as in Figure 3(b). 
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(a) Opt-1: Pattern1+2
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(b) Opt-2: Pattern1
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(c) Opt-2: Pattern2


Figure 3 Additional time domain DMRS structure with different options
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Figure 4 Throughput performance of additional time domain DMRS structures (UE speed=300km/h, CDL-A with DS value=300ns)
Evaluation results for additional time domain DMRS structure with different options in Figure 3 are plotted in Figure 4 and relative performance gain over Opt-2 with Pattern1 are calculated. Here, UE speed of 300km/h and CDL-A channel model with delay spread value of 300ns are assumed. Other simulation parameters used in this section are given in [3]. From Figure 4, we can observe that Opt-1 does not provide performance gain over Opt-2 with low density front-loaded DMRS. More evaluation results for additional time domain DMRS structure with Opt-2 are given in a companion contribution in more details [3]. In this aspect, we propose:

Proposal4: Support additional time domain DMRS structure configured for the later part of slot in addition to the front-loaded DMRS with same density in frequency domain compared to front loaded DMRS.
3 Conclusions
This contribution discusses on DL DMRS design including several FFS aspects form last agreements and proposes the followings depending on the discussion:
Proposal1: Support two DMRS patterns with different frequency domain density for adjusting trade-off between channel estimation performance and DMRS overhead.
Proposal2: At least for CP-OFDM, DMRS design should take into account avoiding collision with DC subcarrier.
Proposal3: The number of OFDM symbols for the front-loaded DMRS can be decided by the number of transmission layers.
· For the case front-loaded DMRS pattern with 4 ports, 1 OFDM symbol is supported

· For the case of front-loaded DMRS pattern with 8 ports, two adjacent OFDM symbols are supported
Proposal4: Support additional time domain DMRS structure configured for the later part of slot in addition to the front-loaded DMRS with same density in frequency domain compared to front loaded DMRS.
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