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Introduction
In RAN1 #AH2 [1], the following agreements regarding the demodulation reference signal (DMRS) for data were made:

Agreements:
· Both in DL and UL DMRS for CP-OFDM, only PN sequence is supported

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
Agreements:
· For broadcast/multicast PDSCH (other than PBCH), the PDSCH is transmitted with a single DMRS port:
· Support using only one front-load DMRS Configuration from Configuration 1 and Configuration 2. To down-select from:
· Alt 1: Configuration 1 (FFS 1 or 2 symbols) 
· Alt 2: Configuration 2 with 2 symbols
· Support additional DM-RS. To down-select from:
· Alt 1: Additional DMRS is always present 
· Alt 2: Additional DMRS is configurable
· FFS the number of additional DMRS symbol(s)
Agreements:
· Study further aspects related to DMRS and data multiplexing in DL and UL considering 14 and 7 symbol slots/mini-slots, 1 vs. 2 front loaded DM-RS symbols, additional DM-RS, etc.
· Study further aspects related to possibly power boosting DM-RS (performance, complexity, spec impact)

Agreements:
· Study further how to handle DM-RS and SS block collision (if any)
· E.g., changing DM-RS symbol(s) position in time domain, no PDSCH transmission on the collided PRBs, dropping the DM-RS symbol in collision, etc.

Agreements:
· The number of front-load DMRS symbols can be 1 or 2 when the number of DMRS ports allocated to UE is equal or less than N
· N is 4 for Configuration 1 and 6 for Configuration 2.
· FFS the details to determine 1 or 2 symbols


In this contribution, we provide some additional evaluation results for some of the open items in the above agreement. 
Targeted DM-RS simulation studies
DMRS for Broadcast PDSCH
The DMRS for broadcast PDSCH should be a dense pattern in both frequency and time to ensure very robust performance independent of the UE’s channel conditions and geometry. In the following, we compare the following three patterns:
1) One-symbol config-1 without frequency domain staggering with DMRS on every 3rd OFDM symbol.
2) Two-symbol config-2 with/without frequency domain staggering with 2 additional DMRS. 
In the simulation setup we assume 30 KHz SCS, 2 Tx, 2 Rx, TDL-C 1000 nsec  and 500 kmh at 4 GHz carrier (1850 Hz Doppler spread), Turbo code with total 4 transmissions, a payload of 250 bits, with 12 PRBs allocation, QPSK. We plot the residual BLER as a function of the geometry. 
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The receiver performs wideband channel estimation over the 12 PRBs. We clearly observe that config-2 without staggering suffers from the low frequency domain density, and that even if staggering is added, it is still worse than the config-1 scenario. 
Similar results appear if we compare the following cases which all have higher overhead:
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Note that the pattern shown above based on the config-2 front-load would be a DMRS specifically designed for broadcast DMRS and it will not be for unicast because it would otherwise be putting RS in all the symbols. On the other hand, the pattern based on config-1 DMRS can still be used for unicast DMRS. 
It is clear that config-1 DMRS with either 3 or 4 total DMRS symbols provides good enough channel estimation quality to meet the broadcast PDSCH requirements without introducing a new DMRS pattern specifically designed for this channel.
Observation 1: One symbol config-1 DMRS should be used for broadcast PDSCH with at least 3 total DMRS symbols inside the slot.
Additional DMRS for non-self-contained ACK/NAK slots
We present results for a 8 Tx, 4 Rx, 30 KHz SCS, 14-symbol slot, random PMI with SU-MIMO rank 2 and 1 symbol DL control with 1 bit ACK/NAK, 3GPP Turbo code, 4 Tx HARQ (RV: 0, 1, 2, 3),  MMSE Receiver with frequency domain interleaving. 
Principles for location of one additional DMRS
11-symbol DL-burst in a 14-symbol non-self-contained ACK/NAK slot
We compare the following three locations where the indexing in the legend of the figures starts from 1. 
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12-symbol DL-burst in a 14-symbol non-self-contained ACK/NAK slot
We compare the following three locations where the indexing in the legend of the figures starts from 1. 
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Observation 4: In a no-self-contained ACK/NAK slot with one additional DMRS, two or more symbol channel estimation extrapolation should be avoided in NR.
More than one additional DMRS simulation scenario
The effect of two symbol extrapolation becomes more prominent at higher mobility scenarios. For example, at 250 kmh in a TDL-C 300 nsec case and 30 KHz, two additional DMRS are needed for best performance. If we compare the patterns shown below, we see that up to 2 or 3 dB of loss may be seen due to the two symbol extrapolation.
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At 350 kmh, and a high speed train channel (TDL-E 30 nsec), we can make similar observations by comparing the following patterns:
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It is clear that 2-symbol extrapolation has a big effect on the performance, while the patterns that have DMRS uniformly spaced tend to demonstrate the best performance. We also observe that at the 350 kmh and 30 KHz two additional DMRS still demonstrate better performance than the three additional DMRS.
Similarly, for a scenario without UL-burst, at 350 kmh we compare the following 4 patterns. We observe again that the pattern with uniformly spaced DMRS (every five symbols) demonstrates the best performance.
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At 500 kmh and 30 KHz, by comparing the following three patterns, we observe that 4 DMRS are needed to be uniformly distributed to get the best performance. 
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DMRS structure for DMRS bundling in time domain
DMRS overhead reduction
In scenarios of DMRS bundling, it is being discussed to consider overhead reduction on the subsequent slot in order to get better performance. However, such overhead reduction comes with the penalty of worse channel estimation. 
It has been agreed that the DMRS within the first slot is not impacted by the time domain DMRS bundling. However, it still remains open the case whether some overhead reduction can be used in the second slot. We now provide results that show that the overhead reduction gain is marginal, and in most scenarios of interest the processing gain loss is more important. 
To be precise, we compare the following three cases:
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Rank 1
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TDLC300, 30 Kmh
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Rank 2
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Rank 4
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We observe that in most of the scenarios, removing one of the DMRS symbols in the second slot leads to clear degradation in the performance. 
Observation 3: Performing overhead reduction in scenarios of DMRS time domain bundling is not beneficial.
DMRS location change in scenarios of DMRS bundling
Another optimization would be to change the DMRS location in scenarios of DMRS bundling to try to achieve a better performance. Even though such a scenario could have some merit, we should examine each scenario separately to see whether there are specific examples which could benefit from that option. 
Yet, in some deployment scenarios of interest, such optimization does not really need to be done. For example, consider the following comparison where in the first case we just repeat the (2,8) pattern over two consecutive slots, whereas in the other cases we are trying to find whether there is a bundled DMRS that may provide better performance. 
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We see that at 120 Kmh and rank 2, the best performance is achieved by the (2,8) solution, whereas the worst performance is again the solution with the 2 symbol extrapolation. 
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[bookmark: _Ref378529477]Large Delay spread channels – Freq. Domain staggering
TDL-C channels with larger DS at 30 KHz SCS slot
In scenarios of large delay spreads it is generally known that frequency domain staggering may provide some gains. In this study we evaluate the gains that can be seen if we introduce such staggering while additional DMRS are configured. It should be noted that already there are two front-load DMRS configurations, one that is denser I frequency that supports fewer number of ports and one that is denser in frequency that supports the maximum 12 orthogonal ports. Introducing an additional DMRS configuration should be justified with clear-cut performance gains in a variety of important scenarios. 
A TDL-C 1000 nsec in a 30 KHz SCS slot (CP length of 2.34 usec), is such a large delay scenario which results to a maximum effective SINR of around 23 dB due to the ISI and ICI because of excessinve delay spread beyond CP. 
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We now compare the following three patterns for config-1 to identify whether there is a need of the 2nd pattern that has frequency domain staggering on the additional DMRS.
[image: ]					 [image: ]
Rank 1 and Rank 2
We observe that for rank 1 and rank 2 transmission, assuming that ports are assigned in an FDMed manner, in the non-staggered pattern, RS is transmitted every 60 Khz which does not result to suboptimal performance versus the staggered pattern for any geometry below 30 dB. This clearly shows that a comb-2 pattern resulting to an RS every 60 KHz samples the channel densely enough in frequency.
[image: ] [image: ]
Rank 4
For rank 4, the pattern with TD-OCC may be used to get the most robust performance with the same 60 KHz RS density. The performance of TD-OCC over the staggered one-symbol DMRS are close across a variety of high delay spread channels as shown below. 
[image: ][image: ]
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Figure 1 Rank 4 transmission for TDL-C 600, 800 and 1000 nsec
60 KHz ECP slot
In a 60 KHz ECP, similar observations as the scenarios simulated above can be concluded for large delay spreads of 300 and 600 nsec for config-1.  For config-2 however, even if staggering is used performance is severely limited. Therefore, there is no need of introducing staggering, after all config-1 without staggering can achieve a better performance. 
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Observation 4: Frequency domain staggering is not needed to be supported in NR. Config-1 may be used to get dense frequency domain RS.
Conclusions
We make the following observations:
Observation 1: One symbol config-1 DMRS should be used for broadcast PDSCH with at least 3 total DMRS symbols inside the slot.
 Observation 2: In a no-self-contained ACK/NAK slot with one additional DMRS, two or more symbol channel estimation extrapolation should be avoided in NR.

Observation 3: Performing overhead reduction in scenarios of DMRS time domain bundling is not beneficial.

Observation 4: Frequency domain staggering is not needed to be supported in NR. Config-1 may be used to get dense frequency domain RS.
 References
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