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Introduction
In RAN1#88bis meeting, there were following agreements and conclusions on DL DMRS [1]:
Agreements:
· For CP-OFDM, if one additional DMRS exists
· At least for non-self-contained ACK/NAK slot, the time distance between the additional DMRS and front loaded DMRS for 14-symbol slot is larger than that for 7-symbol slot. 
· FFS additional DMRS position for 14-symbol slot
· Consider symbol 12th, 11th, 10th, 9th
· Study the location of additional DMRS for self-contained ACK/NAK slots 
· Evaluations are encouraged for next meeting
Agreements:
· At least for slot, the location of front-loaded DL DMRS is fixed regardless of the first symbol location of PDSCH
· FFS: Mini-slot case
· Support ZC-sequence for UL DFT-S-OFDM DMRS
Conclusions:
· Continue discussions/evaluations until the next meeting about following DMRS port multiplexing schemes for 2 adjacent front-loaded DMRS symbols in the time domain, and RAN1 will definitely conclude this down selection in the next meeting
· Alt. 1: OCC
· Alt. 2: TDM
· Alt. 3: Frequency domain multiplexing only with the time domain repetition/ with a pattern shift
· Alt. 4: Configure between Alt. 1 and Alt. 2
· Consider phase noise impact in the high frequency band
· Alt. 5: Configure between Alt. 1 and Alt. 3
Meanwhile, the working assumption was confirmed in [2] which proposed maximal 12 orthogonal DL DMRS ports for MU-MIMO.
In this contribution, we analyzed DMRS design from multiple sides and provided our views.
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 them one by one as follows.
Additional DMRS location related to slot format 
In high Doppler scenarios, for better channel estimation, additional DMRS should be configured and small gap in time domain between additional DMRS and front loaded DMRS should be avoided. As shown in our companion contribution [3], additional DMRS on 11th symbol can provide best performance when 14 DL symbols are assumed. 
However, NR slot may be composed of OFDM symbols for control channel, DL data, UL data and GP. It is obvious DL DMRS cannot be transmitted on GP or UL symbols in one slot. Therefore, DMRS patterns may depend on slot format which may be informed by common PDCCH for all UEs.  Moreover, since one short PUCCH with maximum 2 symbols have been agreed and two short PUCCH can be TDM. Therefore how many UL/GP symbols should be configured may rely on requirements of PUCCH. As shown in Figure 1a and 1b, slot formats are configured with 3 UL/GP symbols and 5 UL/GP symbols respectively, and then additional DMRS location should be configured on different OFDM symbols in Figure 1a and 1b. 
[image: ]
1a                                                                                   1b
Figure 1 DMRS patterns related to slot format
In this case, several DMRS patterns, e.g. pattern 1a and 1b can be configured by high layer and the signal informed slot format can be used to implicitly inform which exact DMRS pattern. Alternatively, one DMRS pattern can be informed by high layer and the pattern may be revised based on slot format which is informed in common DCI.
Proposal 1: Additional DMRS location should depend on slot format. 
DMRS pattern related to PDSCH starting position and duration
In DL/UL data scheduling session, flexible starting position and duration of PDSCH is discussed and agreed as following. 
· Data channel (PDSCH, PUSCH) duration and starting position
· Specification supports data channel having minimum duration of 1 OFDM symbol of the data and starting at any OFDM symbol to below-6GHz, in addition to above-6GHz
· The duration of a data transmission in a data channel can be semi-statically configured and/or dynamically indicated in the PDCCH scheduling the data transmission
Based on above agreements, front loaded DMRS may not be adjacent to data transmission in time domain because of flexibility of starting position of PDSCH. In order to increase transmission efficiency, it is better to introduce flexible DMRS patterns corresponding to possible different starting position of data. As shown in Figure 2a, four symbols are configured for DMRS transmission. It is obvious that the front loaded DMRS on symbol 3 is unnecessary if PDSCH transmission starts from symbol 7. 
Proposal 2: Whether front loaded DMRS exists is related to PDSCH starting position.
Similarly, if PDSCH duration is short and ends in symbol 9 which is shown in Figure 2b, the additional DMRS in symbol 13 is also not needed.
Proposal 3: Additional DMRS pattern is related to PDSCH duration.
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Figure 2 DMRS pattern related to PDSCH starting position and duration
[bookmark: OLE_LINK1][bookmark: OLE_LINK4]In this case, several DMRS patterns corresponding to different PDSCH starting positions and durations can be configured by high layer and the signal informed starting position and duration of PDSCH can be used to implicitly inform exact DMRS pattern. Alternatively, one DMRS pattern, e.g. DMRS pattern in Figure 2a is informed by high layer and the final pattern may be revised based on PDSCH starting position and duration.
DMRS pattern related to A/N feedback timing
As we know, front loaded DMRS is mainly for fast demodulation. 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 gap 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 only front loaded DMRS pattern is configured or not can be naturally associated with the HARQ timing indicator in order to reduce DCI overhead. As shown in Figure 1a, according to UE’s speed, two symbols are semi-statically configured for DMRS transmission for high Doppler estimation. However, when A/N timing gap is zero slot indicated by DCI, i.e. self-contained slot, only front loaded DMRS should be used for fast demodulation. In this case, PDSCH can be transmitted on additional DMRS REs in order to increase transmission efficiency. 
Proposal 4: A/N timing can be associated with whether only front loaded DMRS pattern is used.
In this case, several DMRS patterns corresponding to A/N timing can be configured by high layer and the signal informed A/N timing can be used to implicitly inform exact DMRS pattern. Alternatively, one DMRS pattern is informed by high layer and the pattern may be revised based on A/N timing, e.g. DMRS pattern in Figure 1a is semi-statically configured by RRC signal, and REs for additional DMRS will be used for data transmission if A/N timing is zero slot.
DMRS pattern related to phase noise 
As described in the conclusion of section 1, multiplexing schemes among Alt.1 –Alt.5 for 2 adjacent front-loaded DMRS symbols in the time domain should be down-selected. As we know, 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. Since frequency domain multiplexing only with the time domain repetition or with a pattern shift actually belongs to TDM, we propose to support Alt. 4 or Alt. 5. 
Proposal 5: Both TD-CDM and TDM to multiplex DMRS ports should be supported for DMRS patterns with 2 symbols. And the configuration of TD-CDM or TDM should depend on whether PTRS is configured or not.
Maximum orthogonal ports 
In one 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. Therefore, we prefer maximum 4 orthogonal ports for 1 symbol front loaded DMRS pattern.
Proposal 6: 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#88bis, 12 orthoghoal ports for MU-MIMO was agreed, and then front loaded DMRS with 2 symbols should also support maximum 12 orthogonal ports.
Proposal 7: Maximum 12 orthogonal ports should be supported for front loaded DMRS with 2 symbols.
Since more than 8 orthogonal DMRS ports are unncessary for high freqeuncy bands because of limited cell coverage, limited number of TxRUs, we propose to make 12 orthogonal ports configurable. 
In addion, for MU-MIMO, the maximum DMRS ports per UE should be determined since it is related to control signalling desing. Although the maximum DMRS ports per UE is 2 for MU-MIMO in LTE,the limitation of 2 should be relaxed because higher orthogonality can achieved for spatial multoplexing between MU-users in NR. . Therefore we propose to at leas support maximum 4 DMRS ports per UE. 
Proposal 8: For MU-MIMO, at least support maximum 4 DMRS ports per UE.
Possible orthogonality between UL and DL
Like LTE UL design, NR also supports DFT-S-OFDM for UL. 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 [4], 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.
DMRS pattern for front loaded DMRS
For DMRS pattern in frequency domain, we prefer OCC used on adjacent REs in frequency domain in order to ensure accuracy of demodulation. More analysis and performance comparisons with IFDMA based pattern can be found in our companion contribution [3]. To make our motivation clear, we provide our preference for DMRS patterns based on OCC 2.
· For total 1 and 2 ports
Pattern 1 and 2 are for higher SINR scenario and lower SINR scenario respectively.
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Pattern 1                                                               pattern 2
Figure 3 DMRS patterns for 1- 2 ports
· [bookmark: OLE_LINK6][bookmark: OLE_LINK7]For total 3 and 4 ports
Pattern 3 and 4(including 4a and 4b) are for higher SINR scenario and lower SINR scenario respectively where pattern 4a is for high frequency bands with phase noise, and pattern 4b is for low frequency bands without phase noise.
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                     Pattern 3                                               pattern 4a TDM for multiplexing port 1,2 and port 3,4
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Pattern 4b TD-CDM for multiplexing port 1,2 and port 3,4
Figure 4 DMRS patterns for 3-4 ports
· For total 5-8 ports
Pattern 5a and pattern 5b are for cases with phase noise and without phase noise respectively. Since one single pattern is designed for 5, 6, 7, 8 ports, combinations of port 5and 7, port 6 and 8 can balance the number of ports in one OCC group. For instance, if total number of ports is 6 in pattern 5b, then port 1, 2, 5 are one OCC group and port 3, 4, 6 are one OCC group.
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Pattern 5a TDM for multiplexing port 1,2 and 5,7              Pattern 5b TD-CDM for multiplexing port 1,2 and 5,7
Figure 5 DMRS patterns for 5-8 ports
· For 9-12 ports
Pattern 6a and pattern 6b are for cases with phase noise and without phase noise respectively.
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Pattern 6a TDM for multiplexing port 1,2 and 7,10              Pattern 6b TD-CDM for multiplexing port 1,2 and 7,10
Figure 6 DMRS patterns for 9-12 ports
Based on aforementioned patterns, we propose
Proposal 9: FD-OCC based DMRS pattern should be supported.
For 8 ports and 12 ports, since DMRS density per port is low which may degrade channel estimation significantly if SINR is not very high. Then we also prefer OCC 4 in frequency domain in order to increase DMRS density.
In addition, to solve power imbalance issues, the swapped patterns can also be considered where the port mapping can be swapped on the adjacent OFDM symbols on odd PRB and even PRB. An example for 8 port pattern is shown in Figure 7.
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Figure 7 Swapped DMRS pattern
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 [5].  
Effective region is also proposed in [5] 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 [6]. It is noted that the effective region for different level signalling, e.g., RRC, MAC-CE and DCI, should be different [5]. 
[bookmark: OLE_LINK5]Proposal 10: 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: Additional DMRS location should depend on slot format. 
Proposal 2: Whether front loaded DMRS exists is related to PDSCH starting position.
Proposal 3: Additional DMRS pattern is related to PDSCH duration.
Proposal 4: A/N timing can be associated with whether only front loaded DMRS pattern is used.
Proposal 5: Both TD-CDM and TDM to multiplex DMRS ports should be supported for DMRS patterns with 2 symbols. And the configuration of TD-CDM or TDM should depend on whether PTRS is configured or not.
Proposal 6: Up to 4 orthogonal ports are supported for 1 symbol front loaded DMRS pattern. 
Proposal 7: Maximum 12 orthogonal ports should be supported for front loaded DMRS with 2 symbols.
Proposal 8: For MU-MIMO, at least support maximum 4 DMRS ports per UE.
Proposal 9: FD-OCC based DMRS pattern should be supported.
Proposal 10: Hierarchical configuration of DMRS parameters is supported and effective region can be configurable for each level of signalling. 
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