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Introduction
In RAN #71, a new study item New Radio (NR) Access Technology was approved. The following agreements were made in RAN1 Adhoc #2
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:
· 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 RAN1#90, the following agreements were made regarding uplink DM-RS transmission.
Agreements:
· For CP-OFDM waveform based PUSCH and DFT-S-OFDM waveform based PUSCH without frequency hopping, the possible locations of UL DMRS symbol(s) are the same for a same number of DMRS symbol(s) for PUSCH
· FFS the case of DFT-S-OFDM waveform based PUSCH with frequency hopping
Agreements:
· DMRS sequence for CP-OFDM based PDSCH and PUSCH is resource-specific, and is a function of at least the following parameters: scrambling ID and offset 
· FFS how to define the offset parameter (e.g., via signalling, implicitly derived, etc.)
· FFS the details of resource-specific (e.g., w.r.t to the wideband of a carrier, or a BWP, etc.)
· FFS the values of scrambling ID
· FFS other parameters

In this contribution, we describe our views on two important topics. The first one is on configuring the number of DM-RS symbols and the other is on configuring DM-RS for PUCCH transmission.
 Modulation Specific loading of DM-RS symbols
[bookmark: _Ref378529477]In previous meeting it was agreed that the front loaded density of DMRS symbols are equal to 1 or 2 based on the number of DMRS ports allocated.   According to the current agreement, when the transmission rank is less than N the number of DMRS symbols is equal to 1. In our view, the DMRS density should depend the modulation rather than the number of layers. As it is well knows that the channel estimation error impact on PDSCH with QPSK modulation has a smaller impact compared to the PDSCH with 64-QAM or 256-QAM modulation.  
Proposal 1:  NR should support flexible DM-RS density structures and configuration of these structures should be based on modulation of the data channel
In addition, since the higher transmission rank implies lower modulation schemes as the interference due to multiple streams the SINR per layer is degraded.  Hence we propose that the current agreement should be changed taking modulation into consideration. For example adding the configuration of 2 symbols is applicable only when the number of DMRS ports is greater than N and modulation scheme for the current transmission is greater than x, where x is the number of bits per modulation symbol.  Based on this observation, we propose that 
Proposal 2:   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 and  number of bits/symbol  is greater than X
· N is 4 for Configuration 1 and 6 for Configuration 2.
· FFS the details to determine 1 or 2 symbols
DMRS Configuration for PUCCH and PUSCH Transmission
[bookmark: _GoBack]In our view, NR coverage is determined based on the performance of uplink control channel PUCCH. Thanks to massive MIMO at the gNB the performance of NR PUCCH can be improved over legacy systems. However, the performance gains due to many receiving antennas are impacted by the DMRS density. Figure 1 shows the performance of NR long duration PUCCH performance as a function of the number of receive antennas. For NR PUCCH, we used DFT-S-OFDM as the waveform at 2.1 GHz, while for LTE PUCCH we used CP-OFDM as the waveform at 700 MHz.
[image: ]
Figure 1 BLER as a function of number of receive antennas for NR PUCCH

As we increase the number of receive antennas the performance is improved. However, the performance gain is reduced as we increase the number of receive antennas.  For example, take the case of 2receive antennas to 4 receive antennas. In this case, the gain is around 3.5 dB. Note this this includes array gain of 3 dB. Hence the diversity gain is around 0.5 dB. However, if we take the example of 8 receive antennas and 16 receive antennas, the gain is around 2 dB, at 1% block error rate, which is less than the array gain of 3 dB.  This is because, at the SINR operating point, the estimation error is very large which introduces errors.  One way to mitigate this problem is to boost DMRS power or increase the DMRS symbols based on operating SNR. For example, the network can configure the cell edge UEs with higher DMRS densities such that they can get array gain due to the massive number of receive antennas at gNB.  Similarly, the network can configure the UEs to boost the power on DMRS based on the operating SNR. Hence we propose that
Proposal 3:  NR should support additional DM-RS configuration for PUSCH with DFTsOFDM waveform 
Proposal 4:  NR should support a mechanism to increase the number of DMRS symbols or power boosting of DMRS for PUCCH transmission 

[bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168]Conclusions
In this contribution we described the remaining details of DM-RS design for NR.
Based on our observations, we have the following proposal:
[bookmark: _Ref450342757]Proposal 1:  NR should support flexible DM-RS density structures and configuration of these structures should be based on modulation of the data channel
Proposal 2:   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 and  number of bits/symbol  is greater than X
· N is 4 for Configuration 1 and 6 for Configuration 2.
· FFS the details to determine 1 or 2 symbols

Proposal 3:  NR should support additional DM-RS configuration for PUSCH with DFTsOFDM waveform 
Proposal 4:  NR should support a mechanism to increase the number of DMRS symbols or power boosting of DMRS for PUCCH transmission 
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