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Introduction
In RAN1#88 meeting, symmetrical DMRS structure is agreed for DL and UL as following agreements [1]:
Agreements:
· At least for CP-OFDM, NR supports a common DMRS structure for DL and UL
· DMRS for same or different links can be configured to be orthogonal to each other. 
· FFS exact DMRS location, DMRS pattern, and, scrambling sequence for the common DMRS structure.
Meanwhile, some further agreements for DL DMRS are achieved. 
Agreements:
· For DL DMRS port multiplexing, FDM (including comb), CDM (including OCC and Cyclic shift) and TDM should be considered
· For the CDM of DMRS ports in time and/or frequency domain
· FFS for OCC based or cycling based
· FFS: supporting CDM across adjacent REs 
· FFS: supporting cyclic shift across non-adjacent REs
· FFS OCC size
· Support PN sequence for CP-OFDM
· FFS: ZC-sequence for CP-OFDM
· FFS: For the case front-loaded DMRS pattern with 4 ports, 1 OFDM symbol is supported
· FFS: For the case of front-loaded DMRS pattern with 8 ports, two adjacent OFDM symbols are supported
· For high Doppler scenario, down selects from the followings
· Additional DMRS with reduced density in frequency domain compared to front loaded DMRS
· Additional DMRS with same density in frequency domain compared to front loaded DMRS
· Note that: Front loaded DMRS can be configured with low density
· Note: the complementary use of PT-RS for high Doppler channel estimation can be considered when determining the number of the additional DMRS.
· Other option is not precluded
· Support DMRS bundling in time domain
· At least time domain bundling with slot aggregation of DL-only slots is supported
· DMRS pattern within the first slot is not impacted by the time domain DMRS bundling
· FFS: Consider further overhead reduction of DMRS in case of bundling in time domain
· Consider whether to use mechanism of UE-assisted DMRS configuration. 
· Consider  whether to use UE-assisted configuration of PRG size
In this contribution, we provided our views and some simulation results for DL DMRS design.
Discussion
Currently, flexible DMRS patterns are agreed in NRMIMO session, and different scenarios require different DMRS patterns. Suitable DMRS pattern can be configured to meet each requirement. Since there are many factors related to DMRS pattern, we analyze one by one in this contribution.
Slot structure 
In NR, a slot is defined as 7 or 14 OFDM symbols for the same subcarrier spacing of up to 60 kHz with normal CP. Meanwhile, self-contained slot structure is agreed to keep DL scheduling grant, Data transmission and ACK/NACK feedback be one slot. In order to support self-contained slot structure, front loaded DMRS pattern is designed for fast modulation, and 1 or 2 adjacent OFDM symbols have been agreed for front loaded DMRS pattern. However, it seems this conclusion was only focusing on the slot structure with 14 OFDM symbols. As shown in Figure 1b, excluding one guard symbol and one UL symbol for A/N feedback, only one symbol is left for data transmission if two symbols DMRS pattern is used for 7 symbols based slot structure. Therefore, we propose to restrict the front loaded DMRS pattern to only 1 symbol for 7 symbols based slot when self-contained structure is used. Compared to 7 symbols based slot, 14 symbols based slot can use 2 symbols DMRS pattern for supporting more orthogonal ports. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK4]Proposal 1: For front loaded DMRS pattern in self-contained slot structure, only 1 symbol is supported for 7 symbols based slot and up to 2 symbols are supported for 14 symbols based slot. 
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(1a) slot with 14 symbols                                              (1b) slot with 7 symbols
Figure 1 Front loaded DMRS pattern
For additional DMRS, Figure 2a and 2b provides an example to illustrate the difference between slots with 7 symbols and 14 symbols. It is noted that the additional DMRS position may depend on the number of UL symbols in one slot. Due to different slot length for 7 symbols based slot and 14 symbol based slot, the additional DMRS should be mapped on different symbol even same number of DMRS are used.
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             (2a) in slot with 14 symbols                                   (2b) in slot with 7 symbols
Figure 2 additional DMRS position in different slot structure
In high Doppler scenarios, for good channel estimation, additional DMRS ports should be configured and small gap in time domain between additional DMRS and front loaded DMRS should be avoided. As shown in Figure3 , we provide performance evaluation to compare different time positions of additional DMRS which is separately located at symbols 8, 10, 12, 14 symbol . Basically, the additional DMRS at symbol 12 has the best performance, in any case of 30, 60, 120 km/h UE speed. 
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Figure 3 Comparisons for time position of additional DMRS, 4GHz, 30ns delay spread
Proposal 2: One set of additional DMRS should be set in the latter part of the slot. The additional DMRS positions for 7 symbols based slot and 14 symbols based slot are different. 
Maximum orthogonal ports including SU/MU
As shown in Figure 1a, in the first symbol of front loaded DMRS pattern, uniform density can be achieved for each DMRS port within one PRB. However, this uniform density will be broken if 8 orthogonal ports are supported for front loaded DMRS pattern with 1 symbol. Furthermore, because 1 symbol based DMRS pattern with 8 ports will lead to lower density for each port, it cannot achieve good channel estimation for large delay spread scenario, especially in high frequency bands and for large subcarrier space. In addition, for layers or UEs with low SINR, low DMRS density degrades the channel estimation and further lead to poor transmission efficiency.
Proposal 3: Up to 4 orthogonal ports are supported for 1 symbol front loaded DMRS pattern. 
In order to support more than 4 DMRS ports, 2 symbols can be configured for front loaded DMRS pattern. It is obvious that 8 orthoghoal ports should be supported in 2 symbols based pattern. In RAN1#88, 12 orthoghoal ports for MU-MIMO was accepted as working assumption, whether 2 symbols based pattern should support 12 ports should be futher investigated if working assupmption is confirmed. Even this working assumption is confirmed, not all scenarios have this requriment.  Specifically, more than 8 orthogonal DMRS ports seem unncessary for high freqeuncy bands because of limited cell coverage, limited number of TxRUs.
Proposal 4: if the working assumption is confirmed, support of 12 orthogonal ports should not be mandatory.
Phase noise in high frequency bands
For front loaded DMRS patterns with 2 symbols, multiplexing by CDM in time domain (TD-CDM) between different DMRS ports is obviously better than TDM only because TD-CDM can increase channel estimation accuracy which has been verified in LTE. However, high frequency bands are supported in NR, this is a different scenario compared with LTE where phase noise is not considered. When phase noise exists on gNB side or UE side, random phase rotations will lead to different channel estimation between different OFDM symbols. In this case, the application of TD-CDM will be impacted and TDM is reasonable to be configured.  Since configuration of TD-CDM or TDM depends on whether phase noise exists or not, and presence of PTRS will be configured by RRC signal when phase noise exists, maybe additional RRC signal is not needed. 
Proposal 5: Both TD-CDM and TDM to multiplex DMRS ports should be supported for DMRS patterns with 2 symbols.
ACK/NACK feedback timing
As we know, front loaded DMRS is mainly for fast demodulation as described in section 2.1. In other words, if the A/N timing gap between data transmission and ACK/NACK feedback is small, e.g. within the same slot, DMRS should be configured with front loaded pattern. However, when the A/N timing gap is large, additional DMRS can be configured in order to achieve accuracy channel estimation.  Currently, NR has agreed that timing between DL data reception and corresponding acknowledgement is indicated by a field in the DCI from a set of values and the set of values is configured by higher layer. Whether front loaded DMRS pattern is configured or not can be naturally associated with the HARQ timing indicator in order to reduce DCI overhead.
Proposal 6: A/N timing can be associated with whether front loaded DMRS pattern is used.
DMRS pattern in frequency domain
DMRS design in frequency domain is associated with channel frequency selectivity, the number of orthogonal ports, channel estimation and so on. Based on previous discussion, IFDMA based pattern and FD-OCC based pattern are mainly proposed. 
Figure 4a, 4b, 4c, and 4d described IFMDA based patterns with comb 1, 2, 3 and 4 respectively for 1 symbol DMRS pattern. Meanwhile, we provided FD-CDM based pattern as shown in Figure 5a,  5b  and 5c in which we propose density 1 and 0.5. 
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Figure (4a) comb=1                                                         Figure (4b) comb=2
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Figure (4c) comb=3                                                      Figure (4d) comb=4
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Figure (5a) OCC=2                                                          Figure (5b) OCC=4
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Figure (5c)
To compare these patterns, we provide some simulation results in Figure 6. We can see DMRS patterns with lower density (density<0.5, pattern 4c, 4d) have worse performance in low SNR conditions and similiar performance in high SNR compared with pattern 4b(density=0.5). For less standard effort and reducing control signaling overhead, DMRS density with smaller than 0.5 should not be supported. Maybe one argument for introducing pattern 4c and 4d is to keep orthogonality between CP-OFDM and DFT-S-OFDM. However, this requires UE with DFT-S-OFDM to be also configured with lower density DMRS, like pattern 4c and 4d. It is obviously contradictory with the motivation of DFT-S-OFDM which is only configured in the case of low SNR. 
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Figure 6 Comparisons for DMRS pattern in frequency domain, 30GHz, 300ns delay spread
Proposal 7: 1 symbol based DMRS pattern with less than 6 REs should not be supported.
Meanwhile, when more than 1 DMRS ports are configured, we expect the best performance because of higher density of each DMRS port Moreover, based on FD-CDM based pattern, different OCC length can be multiplexed in frequency domain but IFDMA based pattern cannot support this. For instance, one UE with pattern 5b and another UE with pattern 5c can be co-scheduled with sequence [1 1 1 1] and [1 -1] respectively.
Proposal 8: FD-CDM based DMRS pattern should be supported with OCC length 2 or 4.
DMRS pattern in time domain density
For fast demodulation, we prefer to set front loaded DMRS to the first symbol in data region rather than fixed position unless performance gain can be achieved by fixed DMRS position. In other word, the first symbol of front-loaded DM-RS is no later than the first symbol of NR-PDSCH. Specifically for 7 symbol based slot, it is very useful to support self-contained slot structure. In addition, since the number of UL symbols in different slot may be variant, it is also difficult to keep the additional DMRS position fixed. Even for front loaded DMRS, it is hard to guarantee same number of DMRS for different TRPs. The benefit of fixed front loaded DMRS position is not clear. 
Proposal 9: The first symbol of front-loaded DM-RS is no later than the first symbol of NR-PDSCH.
Although additional DMRS of Figure 2a can be used for high Doppler shift, time domain density of these patterns is not enough in extreme high Doppler scenarios. Then more than 2 symbols should be supported. Since LOS path with very small delay spread often exists in extreme high speed scenarios, the frequency density for some DMRS symbols can be reduced for low RS overhead. Then we propose to introduce additional DMRS where the density in frequency domain can be lower than front loaded DMRS pattern, more details and simulation results can be found our previous contribution [2].
Proposal 10: Additional DMRS with reduced density should be supported.
Possible orthogonality between UL and DL
Like LTE UL design, NR also supports DFT-S-OFDM for UL, and it is reasonable to reuse ZC sequence for UL DMRS for DFT-S-OFDM waveform as LTE. Usually, when UE is power limited and the SINR is low, it will be configured with DFT-S-OFDM. The application scenario of DFT-S-OFDM is different with that of MU-MIMO where UEs with high SINR usually participate to MU-scheduling. The motivation is not clear to keep orthogonality between CP-OFDM and DFT-S-OFDM. As we analysed in section 2.5, low SINR UE should be configured with high density DMRS pattern. In this case, TDM can be used to keep orthogonality between CP-OFDM and DFT-S-OFDM if necessary. Furthermore, ZC sequence can be configured for UEs with CP-OFDM, and then orthogonality between different waveform can also be supported if necessary.
Parameter settings
Although some aforementioned signalling can be used to implicitly inform DMRS parameters, the control signalling overhead is still large if all explicit parameters are configured by DCI. Therefore, hierarchical configuration of DMRS parameters settings can be used in order to balance the DCI overhead and flexibility. Since some parameters are depended on cell scenario, UE speed, delay spread and so on which do not dynamically vary, these related DMRS parameters can be configured by RRC signalling or MAC CE in the first level setting. Then, some fast changing parameters such as DMRS port number and sequence can be configured dynamically by DCI in the second level. 
Moreover, since configurations of transmission modes, MCS, PTRS and DMRS are closely related, joint configuration may be needed. The overhead of physical layer control signalling will be unaffordable. Three level settings including RRC, MAC CE and DCI can be used to further balance the flexibility and signalling overhead. More details can be founded in our companion contribution [3].  
Effective region is also proposed in [3] for hierarchical configuration.   For example, in order to support fast decoding - DMRS patterns for subsequent data transmission can be semi-statically configured as a certain front-loaded pattern but without additional pattern through MAC-CE signalling in a defined effective region.  Additional DMRS set can be dynamically signalled by DCI due to dynamic change for different use cases like MU-pairing or sudden change on speed.
This hierarchical setting can also be used for DMRS bundling in time domain. In this case, time domain DMRS bundling can be turned on semi-statically and the bundling window can be configured by MAC-CE.  DCI signalling is used if there is sudden change to disable bundling or to change the bundling window size e.g. for MU pairing or for different transmission scheme. More details on bundling issues can be founded in our companion contribution [4]. It is noted that the effective region for different level signalling, e.g., RRC, MAC-CE and DCI, should be different [3]. 
[bookmark: OLE_LINK5]Proposal 11: Hierarchical configuration of DMRS parameters is supported and effective region can be configurable for each level of signalling. 
Conclusions
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, we focused on the discussion of downlink DMRS patterns, and then we provided our views.
Proposal 1: For front loaded DMRS pattern in self-contained slot structure, only 1 symbol is supported for 7 symbols based slot and up to 2 symbols are supported for 14 symbols based slot. 
Proposal 2: One set of additional DMRS should be set in the latter part of the slot. The additional DMRS positions for 7 symbols based slot and 14 symbols based slot are different. 
Proposal 3: Up to 4 orthogonal ports are supported for 1 symbol front loaded DMRS pattern.  
Proposal 4: if the working assumption is confirmed, support of 12 orthogonal ports should not be mandatory.
Proposal 5: Both TD-CDM and TDM to multiplex DMRS ports should be supported for DMRS patterns with 2 symbols.
Proposal 6: A/N timing can be associated with whether front loaded DMRS pattern is used.
Proposal 7: 1 symbol based DMRS pattern with less than 6 REs should not be supported.
Proposal 8: FD-CDM based DMRS pattern should be supported with OCC length 2 or 4.
Proposal 9: The first symbol of front-loaded DM-RS is no later than the first symbol of NR-PDSCH.
[bookmark: _GoBack]Proposal 10: Additional DMRS with reduced density should be supported.
Proposal 11: Hierarchical configuration of DMRS parameters is supported and effective region can be configurable for each level of signalling.
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Appendix
Table 1. Evaluation assumptions for DMRS for data channel (4 GHz)
	Assumptions
	Value

	Carrier frequency
	4GHz

	Duplex
	FDD

	Subcarrier spacing
	15kHz,

	Number of TXRUs
	· TRP = 32
· UE = 2

	Transmission rank for data channel
	· Rank 1

	SU/MU
	· SU

	Transmission scheme
	· Close loop

	CSI feedback / Beam management scheme
	· Idea CSI feedback, i.e. eigenvector of SVD of channel
· 0 slots delay for 500km/h scenario
· 4 slots delay for others
· Beam selection 1 in phase 1 calibration 

	CW to layer mapping
	· LTE CW to layer mapping (baseline)

	Data allocation
	· 8 RBs 
· First 2 OFDM symbols for PDCCH, and following 12 OFDM symbols for data channel

	PRB bundling
	· 4RBs 

	Modulation order, Coding rate
	· Link adaptation 

	Channel coding scheme
	· LTE turbo coding 

	Link adaptation / HARQ
	· Evaluation link adaptation, and 256QAM is not used

	Channel estimation
	· 2D MMSE 

	Performance metric
	· Spectral efficiency

	UE speed
	· 3 /30/60/120 km/h

	Channel model
	· CDL-E models for 500km/h
· CDL-A models for others
· Possible DS values = {30, 300} ns. 
· ASA, ASD, ZSA, ZSD follow the values in sec 7.7.1 in 38.900

	TRP antenna configuration
	· The number of antenna: Tx= 32
(M,N,P,Mg,Ng) = (4,1,2,4,4). (dV,dH) = (0.5, 0.5)λ, (dg,V,dg,H) = (2.0, 0.5)

	UE antenna configuration
	· The number of antenna: Rx=2
(M,N,P)=(1,1,2) with 0.5λ spacing with omni-directional antenna element




Table 2. Evaluation assumptions for DMRS for data channel (30 GHz)
	Assumptions
	Value

	Carrier frequency
	30 GHz

	Duplex
	FDD

	Subcarrier spacing
	· 60kHz 

	Number of TXRUs
	· TRP = 8
· UE = 2

	Transmission rank for data channel
	· Rank1

	SU/MU
	· SU

	Transmission Scheme
	· Close loop

	CSI feedback / Beam management scheme
	· Idea CSI feedback, i.e. eigenvector of SVD of channel
· 4 slots delay
· Beam selection 1 in phase 1 calibration

	CW to layer mapping
	· LTE CW to layer mapping (baseline)

	Data Allocation
	· 8 RBs
· First 2 OFDM symbols for PDCCH, and following 12 OFDM symbols for data channel

	PRB bundling
	· 4RBs

	Modulation order, Coding rate
	· Link adaptation for others and 256QAM is not used

	Channel coding scheme
	· LTE turbo coding 

	Link adaptation / HARQ
	· Evaluation with HARQ and/or link adaptation

	Channel estimation
	· 2D MMSE for others

	Performance Metric
	· Spectral efficiency

	Phase noise and frequency offset model 
	· Evaluate without phase noise

	UE speed
	· 3 km/h,

	Channel model
	· CDL-A  for 30GHz
· Possible DS values = {30, 300} ns. 
· ASA, ASD, ZSA, ZSD follow the values in sec 7.7.1 in 38.900

	TRP antenna configuration
	· (M,N,P,Mg,Ng) = (4,8,2,2,2); (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (2.0, 4.0)λ 

	UE antenna configuration
	·  (M, N, P, Mg, Ng) = (2,4,2,1,1) ; (dV,dH) = (0.5, 0.5)λ, with directional antenna element (HPBW=900, directivity 5dB)
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