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1. Introduction

In RAN#71, a study item on New Radio Access Technology was approved [1].  The goal of the SI is to study and evaluate key technologies targeted for meeting new 5G requirements under new scenarios identified in [2].  In this contribution, we show our views on demodulation reference signals for NR MIMO.
2. Discussion
2.1   Beam Reference Signal
Considering initial access, reference signal configuration can’t be done flexibly.  it is more efficient to utilize BRS for demodulation of the signals with important configurations in PBCH  and common control channel (if needed) as well as other functionalities e.g. beam measurement/ tracking, large-scale properties measurement. The transmission of BRS can be considered to be related to other signals.  The following options for multiplexing can be considered.
 Alt-1：BRS and synchronization signal are frequency multiplexed in the same OFDM symbol

Alt-2:  BRS and broadcasting channel or common control channel are frequency multiplexed in the same OFDM symbol
Alt-3:  BRS are transmitted as independent BRS sweeping block without multiplexing with any signals.
Alt-4:  BRS and data can be frequency multiplexed.
Considering Alt-1, the major issue is the power sharing between BRS and synchronization signal would affect the performance of synchronization signal [3].  
Considering Alt-2, resource utilization is efficiency since these signals need to carry out beam sweeping in the cell coverage.  BRS can support the demodulation of broadcasting and/or common control channels well.  This also allows UE to do some measurement based on BRS before the random access so that it can transmit random access signal according to channel reciprocity.  This seems to be an attractive alternative.  
Regarding Alt-3, the advantage is better coverage of BRS. Also, the configuration of BRS is independent from other channels which makes it more flexible.  However, the resource utilization is not good in such case since it can not be used for demodulation.
Regarding Alt-4, it can improve the resource utilization and the power for data is more flexibly allocated.  This is particularly flexible for digital beamforming.  However, the restriction of analog or hybrid beamforming may affect its resource utilization as the beams for BRS often need to cover the entire cell but data to a UE requires only one or two narrow beams.
Overall, Alt-2 sounds promising but Alt-3 can improve the performance. Alt-4 can be useful when there is no or small number of analog beams.  It needs further study and evaluation to see which alternative(s) should be supported. 

BRS sweeping block can be transmitted periodically but on-demand transmission can also be considered.  E.g. when the carrier access is assisted by another carrier e.g. low frequency carrier.  BRS can be then transmitted aperiodically or in multi-shot manner.    BRS may be  often transmitted in a wide bandwidth.  Considering this, BRS ports can be code or frequency multiplexed.   
Regarding the single beam operation, it is desirable to use the same framework and treats it as a special case of multi-beam operation.  
Proposal 1：
· Beam reference signal (BRS) demodulation of the signals with important configurations in PBCH  and common control channel (if needed) as well as other functionalities should be introduced in NR 
· BRS can be multiplexed with broadcasting channel or common control channel.  Whether independent BRS sweeping block or multiplexing with data channel can be FFS.
· Support periodic transmission as well as aperiodic/on-demand transmission of BRS 
· Strive to share the same procedure for single/multi-beams operation 
2.2  DMRS

Similarly as LTE, DMRS should be mainly utilized in the demodulation for data and control channel in NR. Moreover, both UE specific DMRS and shared DMRS should be considered. UE specific DMRS is employed for the demodulation of localized control channel, whereas shared DMRS is used for the demodulation of distributed control channel.
In LTE, a unified DMRS design is adopted. Specifically, an identical DMRS patter is used for both data and ePDCCH in different scenarios. However, in NR, the wide range of frequency, i.e. up to 100GHz, and various scenarios have different requirements on DMRS density. The identical DMRS pattern design is not efficient. It also may cause unnecessary performance reduction. Hence flexible DMRS pattern configurations should be studied, and different patterns can have different densities or RE locations. Further, these flexible configurations may have implicit impacts on MU-MIMO and inter-cell interference. Hence further study on the specific designs is studied. 
Proposal 2： Flexible DMRS Pattern configuration should be considered in NR for wide range of frequency and various scenarios
In LTE, DMRS is embedded in the data and is transmitted and spread in the subframe, which may slow down the demodulation of UE. Therefore, control and data related DMRS should be arranged in front of data for delay sensitive services. 

Separate ports should be assigned for reference to support the transmission of both control and data are to be transmitted using MIMO. For certain scenarios, how to use the reference ports to boost efficiency could be studied. 

The scaleable DMRS port allocation in LTE should also be adopted in NR. Since the configuration of DMRS density is not flexible enough in LTE, multi-level DMRS may be introduced in NR. The first level DMRS is always transmitted with low density for coarse estimation while DMRS in the other levels can utilize higher density according to the application scenario.
Proposal 3： Support multi-level DMRS design in NR
In LTE, baseband precoding is the main consideration, which is made transparent to the receiver in DMRS based data demodulation process. NR needs to incorporate RF beamforming in the framework, in which the receiving weights are pre-set. In this case, the flexibility of transmission precoding may be constrained. To tackle this problem, multi-shot DMRS structure illustrated in Fig. 1 can be adopted. This multi-shot DMRS structure enables the receiving side to try multiple receiving beamforming weights and these can be selected from a predefined set and adjusted according to certain rules. In this way, the transmitting side has the flexibility to adjust the precoding matrixes without notifying the receiving side explicitly, and the number of feasible precoding matrixes for adjustment is determined by the number of RS symbols.
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                                                      Figure 1 multi-shot DMRS
Proposal 4： Support multi-shot DMRS design in NR
Phase noise generated by local oscillators has been regarded as an inevitable source of RF impairment.  In above 6GHz wireless systems, such RF impairment is more serious since the phase noise of an oscillator increases as oscillation frequency increases. Moreover, silicon-based integration of millimeter transceivers makes it more challenging to design low phase-noise oscillators due to the lack of high quality-factor passive components mainly due to lossy silicon substrate. As phase noise is multiplicative, it cannot be effectively compensated by beamforming or using higher power.  This is particularly serious for higher modulation.  Therefore, DMRS design should take into account of phase noise compensation. The impact level of phase noise is different for different UEs, BSs and modulation schemes. Flexible configuration of DMRS patterns can be used to solve this issue. 
Proposal 5：DMRS design should take into account of phase noise compensation.
3. Conclusion

In this contribution, we show our consideration on demodulation reference signal design for NR.  With our analysis and discussion, we have the following proposals:
Proposal 1：
· Beam reference signal (BRS) for beam acquisition and beam training/selection  is introduced in NR 
· BRS can be multiplexed with broadcasting channel or common control channel.  Whether independent BRS sweeping block or multiplexing with data channel can be FFS.
· Support periodic transmission as well as aperiodic/on-demand transmission of BRS 
· Strive to share the same procedure for single/multi-beams operation 

Proposal 2： Flexible DMRS Pattern configuration should be considered in NR for wide range of frequency and various scenarios
Proposal 3： Support multi-level DMRS design in NR
Proposal 4： Support multi-shot DMRS design in NR

Proposal 5：DMRS design should take into account of phase noise compensation
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