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1 Introduction
In RAN1#88bis meeting, the following agreement on the maximum number of orthogonal DL DMRS ports has been made [1]:
· Confirm the following working assumption:

· Support at least the following design of DL DM-RS for data channels

· Support the maximal 12 orthogonal DL DMRS ports for MU-MIMO
In addition, the following was agreed in RAN1#88bis [1] meeting for the location of front-loaded DMRS as:

· At least for slot, the location of front-loaded DL DMRS is fixed regardless of the first symbol location of PDSCH

· FFS: Mini-slot case

In addition, the following conclusion has been made for time domain multiplexing for front-loaded DMRS [1]:
· Continue discussions/evaluations until the next meeting about following DMRS port multiplexing schemes for 2 adjacent front-loaded DMRS symbols in the time domain, and RAN1 will definitely conclude this down selection in the next meeting

· Alt. 1: OCC
· Consider phase noise impact in the high frequency band

· Alt. 2: TDM

· Alt. 3: Frequency domain multiplexing only with the time domain repetition/ with a pattern shift

· Alt. 4: Configure between Alt. 1 and Alt. 2

· Alt. 5: Configure between Alt. 1 and Alt. 3
In this contribution, the remaining issues for above agreements and conclusion for DL DMRS design will be discussed.
2 Discussions for DL DMRS
2.1 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 where a different alphabet indicates different antenna ports:
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Figure 1 The proposed DL DMRS patterns for NR [2]
In Pattern 1, 8 REs are used for DMRS within an OFDM symbol as shown in Figure 1(a). Specifically, two DMRS ports can be mapped to blue REs (across 2 adjacent in frequency REs) with OCC=2. For two antenna ports multiplexing, 8 REs can be used for each antenna port multiplexing. Further FDM extensions within an OFDM symbol can be used for additional DMRS port multiplexing. For instance, four antenna ports can be multiplexed within one OFDM symbol by allocating 4 REs per each antenna port. Moreover, since maximal 12 orthogonal DL DMRS ports for MU-MIMO was agreed in the last RAN1 meeting [1], we can consider six ports multiplexing as depicted in Figure 1(a) with Pattern 1. In this case, an unequal DMRS density can be allocated to UEs. More specifically, 4 REs can be allocated for a UE with bad channel conditions whereas only 2 REs can be allocated for a UE with good channel conditions. In addition, for DMRS port multiplexing more than 8, TDM across 2 adjacent OFDM symbols can be used. 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, Pattern 2 has 4 DMRS REs within an OFDM symbol for supporting up to 2 orthogonal ports. As shown in Figure 1(b), Pattern 2 is a nested structure of Pattern1 and similar multiplexing method of Pattern 1 can be applied. Therefore, with Pattern 1, Pattern 2 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 Pattern 1 and Pattern 2 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 very important and Pattern 2 can be configured with considering one or two layer transmission(s). Furthermore, the proposed DL DMRS Pattern 1 and 2 are easy to handle DC subcarrier since all subcarriers are not used for DMRS [6]. In these aspects, we make the following proposal:

Proposal1: It is recommended that the proposed DMRS patterns in Figure 1 are adopted as NR DMRS for CP-OFDM.
2.2 Location for front-loaded DMRS

The time location of the front-loaded DMRS is important for low latency support. Specifically, the front-loaded DMRS needs to be located at the beginning of the transmission slot as much as possible. In the last RAN1 meeting [1], it was agreed that:
· At least for slot, the location of front-loaded DL DMRS is fixed regardless of the first symbol location of PDSCH

· FFS: Mini-slot case

With above agreement, the front-loaded DMRS will have a fixed location in time at least for slot-based transmission. For example, if the maximum number of OFDM symbols for DL control channel is three, the first symbol of the front-loaded DMRS can be fixed as 4rd OFDM symbol. In this case, there can be additional unnecessary decoding latency if the maximum number of DL control symbols in one or two. Therefore, if the fixed time location of the front-loaded DMRS has a critical problem in decoding latency, we can introduce additional DMRS location configurability in time. Another fixed time location of the front-loaded DMRS can be first symbol of slot. For example, if DL control channel does not occupy the whole bandwidth, DMRS can start for the 1st OFDM symbol where control channel is not transmitted. The additional DMRS location configuration in time can be helpful for latency aspect. Therefore, we propose:
Proposal2: Introduce additional DMRS location configurability in time if the fixed time location of the front-loaded DMRS has a critical problem in decoding latency.
On the other hand, in a mini-slot case where scheduling period is short than slot-based transmission, low latency can be more importance criteria than normal slot case. For instance, for URLLC, the front-loaded DMRS can be located in the first symbol of mini-slot and DMRS for control demodulation can be reused for data demodulation. Although it may limit transmission schemes of NR-PDSCH by the same transmission scheme of NR-PDCCH, it is quite reasonable for URLLC because reliability is more important than data rate for URLLC. In case of normal slot, the motivation for the fixed DMRS location is to ensure inter-DMRS inter-cell interference in synchronized network although the fixed DMRS location regardless of the first symbol location of NR-PDSCH can incur additional unnecessary decoding latency. However, following agreement was made in the last RAN1 meeting [1]:
· Specification supports data channel having minimum duration of 1 OFDM symbol of the data and starting at any OFDM symbol to below-6GHz, in addition to above-6GHz

· Note: This may not be applied to all type of UEs and/or use-cases

Based on agreement above, the motivation for the fixed DMRS location of mini-slot regardless of the first symbol location of NR-PDSCH is not strong if the mini-slot is not applied to all type of UEs and/or use-cases. Therefore, we propose:
Proposal3: For mini-slot, front-loaded DL DMRS should be located at the beginning of the transmission slot as much as possible.
2.3 Time domain multiplexing for front-loaded DMRS

In the last RAN1 meeting [1], the following three different DMRS port multiplexing schemes for 2 adjacent front-loaded DMRS symbols in the time domain were discussed:
· Alt. 1: OCC

· Alt. 2: TDM

· Alt. 3: Frequency domain multiplexing only with the time domain repetition/ with a pattern shift
When we compare above alternatives, Alt. 2 is more desirable in aspects of DMRS pattern design and performance. As we discussed in Section 2.1, TDM across 2 adjacent OFDM symbols is a natural method for DMRS port extension when we have the front-loaded DMRS design for one OFDM symbol. The motivation for 2 adjacent front-loaded DMRS symbols in the time domain is to support high DMRS port multiplexing. If we consider low layer transmission, the front-loaded DMRS mapped on one OFDM symbol can be enough since maximum 12 REs can be used for DMRS REs. However, if we consider high layer transmission, DMRS port multiplexing within one OFDM symbol will result in poor channel estimation performance. For Alt. 3, increased RS energy by symbol repetition can improve channel estimation performance but one DMRS RE sample within RB for more than 8 port multiplexing can induce degradation on channel estimation performance for channels with high delay spread. Moreover, Alt. 3 cannot avoid collisions with DC subcarrier since all subcarriers are used for DMRS considering up to 12 DMRS ports multiplexing. The collision between DC subcarrier and DMRS will result in performance degradation especially in high modulations [6]. In case of Alt. 1, time domain OCC can cause different common phase error (CPE) in each OFDM symbol in the high frequency band due to phase noise impact. In addition, both in high and low frequency band, time domain OCC introduces power imbalance problem and similar with LTE, additional specification impact should be considered in order to deal with this problem. Therefore, according to above observations, TDM should be supported for 2 adjacent front-loaded DMRS symbols.
Proposal4: TDM is used for DMRS port multiplexing of 2 adjacent front-loaded DMRS symbols in the time domain.
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: It is recommended that the proposed DMRS patterns in Figure 1 are adopted as NR DMRS for CP-OFDM.
Proposal2: Introduce additional DMRS location configurability in time if the fixed time location of the front-loaded DMRS has a critical problem in decoding latency.
Proposal3: For mini-slot, front-loaded DL DMRS should be located at the beginning of the transmission slot as much as possible.
Proposal4: TDM is used for DMRS port multiplexing of 2 adjacent front-loaded DMRS symbols in the time domain.
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