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Introduction
In RAN1 #87 meeting, an agreement on DMRS design for NR has been reached as follows [1]:
Agreements:
· Support variable/configurable DMRS pattern for data demodulation 
· FFS: Time and/or frequency domain density can be configured  
· FFS: RE location can be configured
· At least one configuration supports front-loaded DMRS pattern
Meanwhile, there is another agreement for Phase Tracking. 
Agreements:
· RS for Phase tracking is denoted as PT-RS
· FFS: Naming of RS
· PT-RS supports the following for CP-OFDM: 
· Time-domain density of mapped on every other symbol and/or every symbol and/or every 4-th symbol
· FFS: Whether/how to down-select the time-domain density
· Note: Other time-domain densities of PT-RS are not precluded
· At least for UL 
· The presence of PT-RS is UE-specifically configured
· FFS: Whether implicit and/or explicit UE-specific configuration is supported
· PT-RS is confined in the scheduled time/frequency duration for a UE
· FFS: UE-specific and/or non-UE-specific and/or cell-specific for DL
· The following are to be studied for PT-RS:
· Number of PT-RS ports to be supported
· Use of precoding 
· QCL relationship with other RS, e.g., DM-RS 
· Details on frequency domain pattern(s) and/or variable frequency domain densities
· Whether PT-RS is necessary for DFT-s-OFDM waveform
· Sharing of time/frequency resource between PT-RS among UEs and/or among layers of a single UE
· Additional usage for estimating residual frequency offset and/or high-speed channel
· Possible method(s) to improve phase estimation performance from PT-RS
· E.g., using ZP/NZP PT-RS to reduce interference 
· Details of UE-specific configuration, e.g., associated with the scheduled MCS and/or BW, the number of scheduled layers, or use dedicated signaling
· Others are not precluded
· FFS whether new RS is introduced or extended DMRS is used for phase tracking
In addition, companies provided their DMRS patterns and views on DMRS simulation assumption by email discussion [87-28] and [87-29] respectively [2].  
Based on DMRS patterns which we provided in email discussion, we further provide details of DMRS design and present our views in this contribution, and more simulation results can be found in our companion’s contribution [3].
Discussion
In order to implement flexible DMRS patterns which have been supported in NR, multi-set DMRS design can be considered for a unified structure, where the first set DMRS can be always transmitted with low density for coarse estimation or minimum demodulation requirements. Then, the other set DMRS can be configured with the first set to satisfy further demodulate requirements, like high Doppler shift estimation, high rank, more co-scheduling users, phase noise tracking, frequency offset estimation and so on. 
Proposal 1： Support multi-set DMRS design in NR.
The first set DMRS 
· Front loaded DMRS
Since front loaded DMRS pattern has been agreed to be introduced in NR, the first set of DMRS at least includes front loaded pattern. As described in Figure 1a, the front loaded pattern is designed for the low rank users with small number of co-scheduling users, where DMRS density in frequency domain can be small in order to reduce DMRS overhead and further increase transmission efficiency. In this case, CDM2 is used in two adjacent REs for up to 2 layers.  To support more orthogonal layers, higher density should be introduced as shown in Figure 1b.  In this case, CDM2, CDM4 and CDM8 can be used for maximum 2, 4 and 8 orthogonal layers respectively. This design is so called “pipeline pattern” which separates RS and data mapping as far away as possible. Only one DMRS symbol which is set on the first symbol of data region can help user demodulate very fast.  
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(1a)                                                                                      (1b)
Figure 1 Front loaded DMRS patterns
From the simulation results in our companion contribution [3], we can find similar performance for pattern 1b with CDM 8 and LTE pattern. However, LTE pattern is not front loaded and only supports up to 4 orthogonal mu-layers. In addition, CDM 8 has also performance gain compared with FDM scheme which has power boosting gain. Then, we propose
Proposal 2: OCC with up to length 8 should be supported for front loaded DMRS pattern. 
As we know, front loaded DMRS is mainly for fast demodulation. Therefore, for the UE which needs to demodulate fast due to low latency traffic, 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.  However, when the A/N timing gap is large, middle loaded RS can be considered. 
· Middle loaded
For other services which are not sensitive to delay, front loaded design is not necessary. Then middle loaded DMRS can be considered as shown in Figure 2, where Figure 2a can support up to 2 layers by CDM2 in frequency domain. Similar with front loaded DMRS, Figure 2b can support up to 8 orthogonal layers by CDM2, CDM4 or CDM8. Certainly, non-CDM in frequency domain can also be considered if needed.
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(2a)                                                                     (2b)
Figure 2 Middle loaded DMRS patterns
In this case, some UEs with middle loaded pattern can be co-scheduled with other UEs which use front loaded pattern by TDM. Then zero power front loaded DMRS pattern or zero power middle loaded DMRS pattern should be introduced as shown in Figure 3. 
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Figure 3 DMRS pattern with zero power
Considering UL-DL symmetric design, single symbol DMRS pattern for downlink can be easily consistent with UL DMRS design, especially, for DFT-S-OFDMA scheme.  Then, DMRS for both UL and DL can be mapped to same position in time domain. More details for UL DMRS design can be found in our companion contribution[4]. 
Proposal 3：NR should support single symbol DMRS pattern.
The second DMRS set
One main purpose of the second set of DMRS based on the first set is to support high Doppler scenarios. The corresponding pattern can be combined by above front loaded DMRS pattern and middle loaded DMRS pattern. As shown in Figure 4, the second column DMRS can be regarded as the second DMRS set. 
Also, these patterns can easily support consistent design for DL and UL DMRS, especially for patterns in Figure 4b. 
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(4a)                                                                     (4b)
Figure 4 Second set DMRS 
Since two OFDM symbols are used for DMRS, CDM2 in time domain can be used to co-schedule large number of MU-users. This is similar to LTE UL DMRS design. 
Furthermore, OCC sequences (>2, e.g. CDM4 and CDM 8) can be considered in time domain in one scheduling unit. Since one scheduling unit can be aggregated by several slots in NR, more than 2 columns DMRS may exist in one scheduling unit as described in Figure 5. Taking one scheduling unit with two slots as an example, where one slot have two columns DMRS, then CDM4 can be used in time domain for multiplexing more users. 
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Figure 5 Illustration of CDM4 in time domain
Based on simulation results in our companion contribution[3], CDM4 in time domain does not impact channel estimation compared with non-CDM (OCC=1) and CDM2 in time domain for low Doppler shift scenarios. 
This scheme is much useful since the main use case of MU-MIMO is low speed scenario. Furthermore, for different speed UEs, OCC length can be set differently in time domain, e.g. for two MU-users with different speeds, the first user can be set with OCC sequence [1 -1], but the second user can be set with OCC sequence [1 1 1 1]. Then, CDM2 is used within one slot for the first user but CDM4 is used within two slots for the second user, and orthogonality can be still ensured between two mu-users with different OCC length.
Proposal 4: Time domain OCC sequence should be supported in DL DMRS design. 
Additional set of DMRS for phase tracking and high Doppler
In order to compensate impact of Phase noise, high Doppler shift and frequency offset, additional set of DMRS should be considered as described in Figure 6 marked by green colour.  It is noted that RS density of these additional set of DMRS in time domain and frequency domain can be configured based on different requirements, UE channel conditions, and the first set DMRS pattern, etc.
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(6a)                                                                           (6b)
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(6c)                                                                           (6d)
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(6e)                                                                           (6f)
· For high Doppler shift estimation
For different scenarios, the density of additional DMRS set can be configured by gNB. For supper high speed scenarios, e.g. 500 km/h UE speed, the additional DMRS set should be configured with high density in time domain, like patterns in Figure 6. For normally high speed scenarios, e.g. 120km/h UE speed, the additional DMRS set can be configured with lower density in time domain, like patterns in Figure 7. But in low speed UE scenario, the additional DMRS set even can be turned off, e.g. patterns in Figure 1, 2 and 4 for pedestrian scenario. 
In other words, if the additional DMRS set is to compensate high Doppler shift, the density in time domain depends on UE speed. And the density in frequency domain depends on some conditions, like delay spread, the number of mu-users. In this case, it is better that the number of the additional set of DMRS ports is same as the basic DMRS set, where both the basic DMRS set and the additional DMRS set are used for joint channel estimation. Actually, the additional set DMRS is the straightforward extension of the basic set DMRS.
Because small channel frequency selectivity is usually in high speed scenarios, lower density in frequency domain can be configured for the additional set DMRS in order to reduce RS overhead. 
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Figure 7 DMRS patterns for high Doppler shift
Certainly, density of the additional set DMRS in frequency domain can also be configured, e.g. in SU MIMO case with up to 2 layers and small channel delay spread, the additional set DMRS can be configured per every N PRBs for further reducing overhead, which is described in pattern 8b. 
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(8a)                                                              (8b)
Figure 8 DMRS patterns for high Doppler shift.
· For phase noise 
In high frequency bands, these additional DMRS set can be used for Phase Noise compensation. As shown in Figure 9 which provides DMRS patterns with additional DMRS set for PN compensation, pattern 9a can support two ports and pattern 9b can support one port for the additional DMRS set.
Certainly, in both time domain and frequency domain, the density of these additional DMRS set can be configured as same as those RS for high Doppler compensation. However, from our simulation results [3], only one PRB with additional DMRS set in whole scheduling unit is not enough, i.e. the density should not be too small in frequency domain.
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(9a)                                             (9b)                            
Figure 9 Additional DMRS set 
Additional DMRS set can be configured with different density for different intentions. For phase noise compensation, the density of additional DMRS set can be set high in time domain but low in frequency domain. However, for Doppler estimation, the density in frequency domain should not be too low, and time domain density is based on UE speed. Then, we propose to extend basic DMRS set for high Doppler and phase noise compensation. 
Proposal 5: Extend DMRS for high Doppler and phase noise compensation. 
In order to reduce control signalling overhead, it is obvious to jointly inform configuration parameters for those multiple DMRS sets. However, it may not be still enough if we only use physical DCI signalling. Therefore, at least two levels signalling can be used for DMRS parameters configuration. The first level is to use RRC signalling for configuring several joint parameter sets, and then gNB can use DCI information to configure one of configured parameter sets. Therefore, multi-level signalling to jointly configure those two set DMRS parameters can be considered.  More details can be found in [5].
Multi-shot DMRS
Since 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 13 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 set with large sub-carrier spacing as shown in Figure 13. In this case, the first set DMRS symbol is spitted into several symbols with different numerology parameters.  Then, Rx beam detection can be done within the first DMRS set. 
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                                                      Figure 10 Multi-shot DMRS
Therefore, multi-shot DMRS design can be considered as one case of multi-set DMRS scheme.
Furthermore, since one scheduling unit can be aggregated by several slots in NR, this multi-shot DMRS is more useful for multi-slots scheduling where multiple slots bundling can be used. In this case, the same precoder and analog beam can be used for multiple slots, channel interpolation can be implemented for inter slots. Then, RS overhead because of the first DMRS set is relatively smaller.
Proposal 6： Support multi-shot DMRS design as one case of multi-set DMRS scheme.
DMRS sequence
In order to reduce DMRS overhead and further increase transmission efficiency, data can be multiplexed with DMRS in frequency domain. In some patterns, like pattern 1a, 2a, since ZC sequence cannot transmit with data simultaneously, PN sequence should be supported for downlink OFDM waveform when DMRS does not occupy the entire symbol. On the other hand, since DFT-S-OFDMA has been agreed in uplink, and ZC sequence is a better choice because of good auto-correlation property and small PAPR.  We propose to reuse ZC sequence for UL DFT-S-OFDMA waveform, similar to LTE [4]. To keep symmetrical DMRS design, we also propose to use ZC sequence for some downlink DMRS patterns, where full density DMRS is configured in frequency domain. 
Proposal 7: Both PN and ZC sequence are supported for downlink 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： Support multi-set DMRS design in NR.
Proposal 2: OCC with up to length 8 should be supported for front loaded DMRS pattern. 
Proposal 3：NR should support single symbol DMRS pattern.
Proposal 4: Time domain OCC sequence should be supported in DL DMRS design. 
Proposal 5: Extend DMRS for high Doppler and phase noise compensation. 
Proposal 6： Support multi-shot DMRS design as one case of multi-set DMRS scheme.
Proposal 7: Both PN and ZC sequence are supported for downlink DMRS. 
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