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Introduction
The following agreement on the additional DMRS structure was made in the 3GPP RAN1#89 meeting [1]:
Agreements:
· Support additional DMRS symbols with same density in frequency domain compared to front loaded DMRS
· FFS: Necessity of reduced DMRS density in additional DMRS symbols
In addition, regarding the front-loaded DMRS design for data channel, the following agreements were made in the 3GPP RAN1-NR#2 meeting [2]:
Agreements:
· The working assumption made in RAN1#89 for DM-RS is updated and agreed as follows for CP-OFDM:
· A UE is configured by higher layers with DMRS pattern either from the front-loaded DMRS Configuration type 1 or from the front-loaded DMRS Configuration type 2 for DL/UL:
· Configuration type 1:
· One symbol:
· Comb 2 + 2 CS, up to 4 ports
· Two symbols:
· Comb 2 + 2 CS + TD-OCC ({1 1} and {1 -1}), up to 8 ports
· Note: It should be possible to schedule up to 4 ports without using both {1,1} and {1,-1}.
· Configuration type 2:
· One symbol:
· 2-FD-OCC across adjacent REs in the frequency domain, up to 6 ports
· Two symbols:
· 2-FD-OCC across adjacent REs in the frequency domain + TD-OCC (both {1,1} and {1,-1}) up to 12 ports
· Note: It should be possible to schedule up to 6 ports without using both {1,1} and {1,-1}.
· From UE perspective, frequency domain CDMed DMRS ports are QCLed.
· FFS: Whether the front-load DMRS configuration type for a UE for UL and DL can be different or not.
· Note: If there are significant complexity/performance issues involved in the above agreements, down-selection can still be discussed
In this contribution, based on the above working assumption and agreement, we discuss considerations in designing NR downlink DMRS. 
Discussions
Frequency-domain density of additional DMRS
Additional DMRS with higher time-domain density is required to support high Doppler scenario where the channel coherence time is short. As seen in the above agreements, in the RAN1#89 meeting, it was agreed to have the same frequency domain density between front-loaded DMRS and additional DMRS. And in the RAN1-NR#2 meeting, basic patterns for the front-loaded DMRS are decided, which have two different configuration types.
It was shown in [3] that additional DMRS density/pattern more affects the link performance than the front-loaded DMRS in high Doppler scenario. And it was also shown that reducing frequency domain DMRS density can be advantageous especially for LOS-dominant scenarios. Hence, it is natural to support configurable frequency domain density for both the front-loaded and additional DMRSs. 
[bookmark: _GoBack]Proposal 1: NR should support configurable frequency domain DMRS density for front-loaded and additional DMRSs. 
Scope of DMRS configurability
In NR, DMRS can be configured UE-specifically according to several aspects such as MIMO scheme, frequency/time-domain channel conditions, RS overhead, latency requirement, and so on. By doing so, balancing among the channel estimation performance, overhead reduction, and latency reduction is achievable. However, there is still room for further improvement in spectral efficiency. Consider a scenario where a large number of RBs (e.g., 15 RBs) are allocated to a single UE. If we observe a snapshot of a channel impulse response in the frequency-domain as seen in Figure 3, some parts may experience severe fluctuation (i.e., channel coherence bandwidth is narrow) and other parts may experience weak fluctuation (i.e., channel coherence bandwidth is wide). In this situation, if only one DMRS density/pattern is allowed for the entire UE bandwidth, inefficient DMRS allocation is inevitable. For example, if low density DMRS is allocated within the entire UE bandwidth, channel estimation accuracy will be degraded within the sub-band with the narrow channel coherence bandwidth. Oppositely, if only high density DMRS is used, spectral efficiency will be decreased due to unnecessary DMRS overhead within the sub-band with the wide channel coherence bandwidth. Therefore, employing different DMRS densities/patterns for different sub-bands within a specific UE bandwidth can be considered.
Observation 1: Having different per-RB frequency-domain densities/patterns within a UE bandwidth can be beneficial in achieving higher spectral efficiency, especially when a UE bandwidth is large.
[image: ]
[bookmark: _Ref466046059]Figure 1. Snapshot of channel impulse response in the frequency-domain (15 RBs)
One may concern that allocating DMRS to single UE with different per-RB frequency-domain density prevents the use of DFT-based channel estimation and interpolation which require uniform DMRS allocation in the frequency domain. This issue can be resolved by carefully implementing interpolation algorithm. One example is multi-stage DFT-based interpolation where interpolation is done in an increasing order of DMRS density.
Assuming two different frequency domain DMRS densities are available, i.e., 2 RSs per RB and 4 RSs per RB, as seen in Figure 2, RBs with 2 RSs per RB is first frequency interpolated to have the 4 RS/interpolated symbol per RB. Then, after further DFT interpolation, we can have the channel information over the entire frequency domain. Time domain interpolation can be further performed.


[bookmark: _Ref485423683]Figure 2. Example of frequency domain interpolation of non-uniformly allocated DMRSs
Proposal 2: NR should support configurable frequency domain DMRS density/pattern for each RB scheduled to a single UE.
Conclusion
In this contribution, we discussed some important issues in downlink DMRS design including front-loaded DMRS configurability, additional DMRS frequency domain density, and scope of DMRS configurability. Our observations and proposal are reproduced below:
Proposal 1: NR should support configurable frequency domain DMRS density for front-loaded and additional DMRSs. 
Observation 1: Having different per-RB frequency-domain densities/patterns within a UE bandwidth can be beneficial in achieving higher spectral efficiency, especially when a UE bandwidth is large.
Proposal 2: NR should support configurable frequency domain DMRS density/pattern for each RB scheduled to a single UE.
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