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1 Introduction
In RAN1 NR ad-hoc meeting, the following agreements of the DL DMRS structure for NR physical data channels have been made [1]:
· For the design of front-loaded DMRS, Alt. 1 is agreed as a working assumption.
· Alt. 1: Front-loaded DMRS is mapped over 1 or 2 adjacent OFDM symbols.
· FFS: Further down-selection between 1 and 2, if necessary
· Companies are encouraged to propose further details
· Companies are encouraged to provide comparison between Alt. 1 and Alt. 2.
· Alt. 2: Design in R1-1700352 (Front-loaded DMRS is mapped over 3 or 4 adjacent OFDM symbols).
· Additional DMRS can be configured for the later part of the slot.
· FFS: Density reduction compared to front-loaded DMRS
· DMRS configuration can be up to the max. number of DMRS ports.
· Note: DMRS design should take into account channel estimation accuracy for low-to-high SINR scenario, throughput performance for SU and MU-MIMO, DMRS overhead, receiver complexity, receiver implementation, support of the use cases/features, UL/DL symmetry, etc.
· FFS: Relative timing relationship between front-loaded DMRS and NR-PDSCH
· Option 1: The first symbol of front-loaded DM-RS is fixed regardless of the first symbol of NR-PDSCH.
· Option 2: The first symbol of front-loaded DM-RS is no later than the first symbol of NR-PDSCH.

In this contribution, the remaining issues for above agreements for DL DMRS design will be discussed.
2 Discussions for DL DMRS
The number of OFDM symbols for front-loaded DMRS
In NR, at least front-loaded DMRS is supported as one configuration for variable/configurable DMRS pattern for data demodulation [2]. In the last NR ad-hoc meeting, following two alternatives were proposed for front-loaded DMRS and Alt.1 was agreed as a working assumption. 
· Alt. 1: Front-loaded DMRS is mapped over 1 or 2 adjacent OFDM symbols.
· Alt. 2: Front-loaded DMRS is mapped over 3 or 4 adjacent OFDM symbols.
When we compare above alternatives, Alt.1 is more desirable in the aspects of latency and slot design for NR. The motivation for the front-loaded DMRS is to reduce decoding latency. For low latency support, the number of OFDM symbols for DMRS should be minimized. Furthermore, in NR, slot can be composed of 7 or 14 OFDM symbols for subcarrier spacing of up to 60 kHz [3]. For instance, if we consider slot design consisting 7 OFDM symbols and DL control channel consisting of two OFDM symbols, Alt.2 which has 3 or 4 DMRS symbols occupies almost slot and this cannot reduce decoding latency. In addition, for mini-slot DMRS, following agreements were made in the last NR ad-hoc meeting [1]:
· At least one of DMRS format/structure/configuration for slot-level data channel is re-used for mini-slot-level data channel

· DMRS for mini-slot-level data channel is just a re-use of that for slot-level data channel

According to above agreements for mini-slot DMRS, the larger number of OFDM symbols for the front-loaded DMRS should be avoided in the slot-level DMRS design. Therefore, Alt.1 should be supported for front-loaded DMRS. 
Finally, we discuss about further down-selection between 1 and 2 OFDM symbols for the front-loaded DMRS. If we consider low rank 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 rank transmission up to 8 layers, 2 OFDM symbols for the front-loaded DMRS should be supported. In this aspect, the number of OFDM symbols for the front-loaded DMRS can be decided by the number of transmission layers. The observation and proposal from this section can be summarized as:

Observation1: The number of OFDM symbols for front-loaded RS should be minimized in the aspects of latency and slot design for NR
Proposal1: Confirm the working assumption that front-loaded DMRS is mapped over 1 or 2 adjacent OFDM symbols.
· Front-loaded DMRS is mapped on 1 OFDM symbol for low rank transmission.

· Front-loaded DMRS is mapped on 2 adjacent OFDM symbols for high rank transmission.
The location of time for front-loaded DMRS
In addition to the number of OFDM symbols for the front-loaded RS, the time location of the front-loaded DMRS for data demodulation is important for low latency support. Specifically, the front-loaded DMRS needs to be located at the beginning of the transmission slot. In the last NR ad-hoc meeting, following two options was discussed for the relative timing relationship between the front-loaded DMRS and NR-PDSCH:
· Opt. 1: The first symbol of front-loaded DM-RS is fixed regardless of the first symbol of NR-PDSCH.
· Opt. 2: The first symbol of front-loaded DM-RS is no later than the first symbol of NR-PDSCH.
With Opt.1, the front-loaded DMRS will have a fixed location in time. 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.
On the other hand, in Opt.2, the front-loaded DMRS has a variable location in time depending on the number of OFDM symbols for control channel. For example, if DL control channel lasts two OFDM symbols but does not occupy the whole bandwidth, then with Opt.2, DMRS can start from 3rd OFDM symbol in some RBs and start for the 1st OFDM symbol in remaining RBs. Indeed, this variable DMRS location in time may not ensure inter-DMRS inter-cell interference for synced network. Specifically, additional network signalling for DMRS location would be carried out for inter-cell interference management and advanced receiver operation. 
When we compare above options, Opt.1 is preferred because in general the fixed DMRS location is easier to work with in synced network. If Opt.1 has a critical problem in decoding latency, we can introduce additional DMRS location configurability in time. Therefore, the observation and proposal from this section can be summarized as:
Observation2: The fixed and variable time locations of front-loaded DMRS have a trade-off between decoding latency and ensuring inter-DMRS inter-cell interference for synced network.
Proposal2: We prefer Opt.1 between following two options for relative timing relationship between front-loaded DMRS and NR-PDSCH.
· Opt. 1: The first symbol of front-loaded DM-RS is fixed regardless of the first symbol of NR-PDSCH.
· Opt. 2: The first symbol of front-loaded DM-RS is no later than the first symbol of NR-PDSCH.
Proposal3: Introduce additional DMRS location configurability in time if the decoding latency for fixed time location of the front-loaded DMRS has a critical problem.
Additional DMRS structure
In addition to the front-loaded DMRS, extended/additional DMRS should be introduced as another configuration for variable/configurable DMRS pattern for data demodulation 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. 
However, additional DMRS structure introduces an increased DMRS overhead. For instance, in order to support high Doppler with high mobility up to 500km/h and/or operation in high frequency bands, three or four time instances of DMRS transmission with a slot with 14 OFDM symbols would be required and this results in high DMRS overhead. Therefore, density reduction compared to front-loaded DMRS is important and beneficial for throughput performance aspects. Supporting more than one frequency domain DMRS density can be a possible solution for density reduction. The observation and proposal from this section can be summarized as:
Observation3: Front-loaded DMRS cannot support high Doppler operation and frequency offset correction.
Proposal4: Support extended/additional DMRS structure configured for the later part of slot in addition to the front-loaded DMRS as another configuration for variable/configurable DMRS pattern for data demodulation.
Proposal5: Support more than one frequency domain DMRS density for DMRS overhead reduction.
3 Conclusions
In conclusion, we have following observations and proposals:
Observation1: The number of OFDM symbols for front-loaded RS should be minimized in the aspects of latency and slot design for NR
Proposal1: Confirm the working assumption that front-loaded DMRS is mapped over 1 or 2 adjacent OFDM symbols.
· Front-loaded DMRS is mapped on 1 OFDM symbol for low rank transmission.

· Front-loaded DMRS is mapped on 2 adjacent OFDM symbols for high rank transmission.
Observation2: The fixed and variable time locations of front-loaded DMRS have a trade-off between decoding latency and ensuring inter-DMRS inter-cell interference for synced network.
Proposal2: We prefer Opt.1 between following two options for relative timing relationship between front-loaded DMRS and NR-PDSCH.
· Opt. 1: The first symbol of front-loaded DM-RS is fixed regardless of the first symbol of NR-PDSCH.
· Opt. 2: The first symbol of front-loaded DM-RS is no later than the first symbol of NR-PDSCH.
Proposal3: Introduce semi-statically configured DMRS location in time if the decoding latency for fixed time location of the front-loaded DMRS has critical problem.
Observation3: Front-loaded DMRS cannot support high Doppler operation and frequency offset correction.
Proposal4: Support extended/additional DMRS structure configured for the later part of slot in addition to the front-loaded DMRS as another configuration for variable/configurable DMRS pattern for data demodulation.
Proposal5: Support more than one frequency domain DMRS density for DMRS overhead reduction.
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