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Introduction
In RAN1 #86bis meeting, the agreements on DMRS design for NR have been reached as follows [1]:
Agreements:
· Study variable/configurable DL/UL RS pattern for demodulation 
· For data channel and control channel
· At least density can be configurable
· FFS: other configurability
· The applicable scenarios need to be studied
· Study multi-set DL/UL RS for control and/or data demodulation 
· The first set is front-loaded (i.e. loaded in the front of RB) 
· Other set(s) can be configured for different purposes
· Details FFS (e.g. higher frequency/time density, Rx beam detection, RSRP/CSI-reporting, phase noise compensation)
In this contribution, we focus on the discussion of flexible DMRS patterns, and then we provided our views.
Discussion
In LTE, a unified DMRS pattern design is adopted. However, in NR, the wide range of frequency, i.e. up to 100GHz, and various scenarios have different requirements on DMRS density. Then, one identical DMRS pattern is not efficient and may cause unnecessary performance reduction. Hence flexible DMRS pattern configurations should be supported, where different patterns can have different densities or RE locations, such as descriptions in Figure 1.


Figure 1 Illustration of multiple DMRS patterns
· Different UE speed
As shown in Figure 1, four DMRS patterns are taken as examples for different scenarios. Usually, pattern 1-a and pattern 1-c are more suitable for UEs with low speed. Because of low channel variation, low DMRS density in time domain is more suitable in order to save DMRS overhead and improve transmission efficiency.  If UEs move fast, higher DMRS density should be used for better channel estimation. In this case, pattern 1-b and 1-d are better. Taking into account two scenarios of 4GHz and 30GHz, comparisons of DMRS pattern 1-a and pattern 1-b at 3km/h UE speed and 120km/h UE speed are shown in Figure 2. These simulation results demonstrate that DMRS pattern  1-a introduces more performance gain than DMRS pattern 1-b in the low speed scenario because of the similar channel estimation performance and the less DMRS overhead.  However, pattern 1-b is better than pattern 1-a in the high speed scenario because of much better channel estimation performance regardless of 4GHz or 30GHz. In addition, it can be observed that performance degradation with high speed would be more severe in 30GHz compared with those in 4GHz, due to the fact that Doppler shift would increase significantly as frequency rises. That means that for different frequency, we also need to consider different configuration of DMRS density for optimizing system throughput.   
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Figure 2 Performance comparison of various UE speed: (a) 4GHz (b) 30GHz
· Different delay spread 
For some UEs with large delay spread，pattern 1-a and 1-b in Figure 1 are more suitable in order to tracking channel frequency selectivity. However, for some UEs with small delay spread, pattern 1-c and 1-d are better in order to save DMRS overhead and improve transmission efficiency. 
· Different demodulation delay 
As mentioned in section 1, the front loaded RS as described in pattern 1-a and 1-c is more suitable for some UEs which need fast demodulation for the traffic requires low latency. Otherwise, the pattern 1-b and 1-d can be configured.
· Different transmission layers
Since NR may need to support more orthogonal layers than LTE, the orthogonal codes only in frequency domain may not be enough. Once orthogonal CDM is needed in time domain, multiple DMRS symbols in time domain should be supported, such as pattern 1-b and 1-d. 
Based on our above analysis, to meet different requirements for different scenarios, it is better to support configurable DMRS patterns for achieving most flexibility and improving transmission efficiency. Then, we suggest supporting the proposals in the section 1. 
Proposal 1： Flexible DMRS Pattern configuration should be supported in NR for various scenarios. 
In order to implement flexible DMRS patterns, multi-set DMRS design can be considered as described in the section 1, where the first level DMRS can be always transmitted with low density for coarse estimation and the DMRS in other level(s) can utilize higher density according to application scenario.
Proposal 2： Support multi-set DMRS design in NR.
Since DMRS embedded in the middle position of one slots may slow down demodulation, control/data related DMRS should be arranged in front of control/data at least for delay sensitive services. So we propose that NR should support front loaded DMRS as the first set DMRS.  For other services which are not sensitive for delay, the first set DMRS can also be front loaded if there is no much performance gap between front loaded DMRS and middle loaded DMRS. Or else, both front loaded and middle loaded RS should be considered. In this case, for the UE which needs to demodulate fast, DMRS can be front loaded, e.g. if the A/N timing gap between PDSCH transmission and ACK/NACK feedback is zero slot, the front loaded DMRS should be configured. In other words, for self contained A/N feedback, DMRS should be front loaded for fast demodulation.  When the A/N timing gap is large, middle loaded RS may be used if performance gain can be introduced.
Proposal 3：NR should support at least front loaded DMRS as the first set DMRS.
For the second set DMRS, it can be configured for different purposes as described in section 1, e.g. for Rx beam detection. Because 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 Figure 2 can be adopted [2]. 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.
Considering the large overhead, DMRS can be multiplexed with data transmission by FDM. In this case, each data block in one DMRS symbol should be same. Alternatively, each data block can be redundant information of the Control/Data information, and then the possibility of correct detection will be increased. 


                                                      Figure 2 multi-shot DMRS
Therefore, the multi-shot DMRS design can be considered as one case of multi-set DMRS scheme.
Proposal 4： Support multi-shot DMRS design as one case of multi-set DMRS scheme.
Another purpose of the second DMRS set is phase noise compensation.  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. Therefore, DMRS design should take into account of phase noise compensation. 
Because impact level of phase noise is different for different cases, e.g. for low frequency bands, there may be no need to compensate phase noise particularly for DMRS design.  But for the high frequency bands, the consecutive DMRS in time domain may be needed for tracking time variation of phase noise.  Taking MCS for another example, different modulation schemes may have different requirements for phase noise tracking, e.g. there may be no need to compensate phase noise for DMRS design when MCS is configured to small value. 
Flexible configuration of DMRS patterns can be used to solve this issue. Since the compensation of phase noise is not necessary in all scenarios, the related RS can be considered as one second set of multi-set DMRS.
Proposal 5：The RS for phase noise compensation can be considered as one second set of multi-set DMRS.
Conclusions
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, we focused on the discussion of flexible DMRS patterns, and then we provided our views.
Proposal 1： Flexible DMRS Pattern configuration should be supported in NR for various scenarios. 
Proposal 2： Support multi-set DMRS design in NR.
Proposal 3：NR should support at least front loaded DMRS as the first set DMRS.
Proposal 4： Support multi-shot DMRS design as one case of multi-set DMRS scheme.
Proposal 5：The RS for phase noise compensation can be considered as one second set of multi-set DMRS.
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Appendix 
[bookmark: _Ref463080609]Table 1 Simulation assumptions
	Parameter
	Value

	Channel Model
	TDL-A

	Numerology
	15KHz@4GHz; 60KHz@30GHz

	Carrier frequency
	4GHz, 30GHz

	Transmission Slot Length
	14 symbol

	UE speed 
	3 km/h, 120km/h    

	Delay spread
	100ns,

	Allocated bandwidth
	6 PRBs

	Link Adaptation
	Enabled

	Antenna configuration
	2Tx, 1Rx

	Channel estimator
	Practical

	Rank 
	1
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