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Introduction
[bookmark: OLE_LINK26][bookmark: OLE_LINK23]In RAN1#90 and NR Ad-hoc#2 meetings, there were following agreements on DMRS for CP-OFDM [1][2]:
[bookmark: OLE_LINK22][bookmark: OLE_LINK7]Agreements#1:
· The working assumption made in RAN1#89 for DM-RS is updated and agreed as follows for CP-OFDM:
· A UE is configured by higher layers with DMRS pattern either from the front-loaded DMRS Configuration type 1 or from the front-loaded DMRS Configuration type 2 for DL/UL:
· Configuration type 1:
· One symbol:
· Comb 2 + 2 CS, up to 4 ports
· Two symbols:
· Comb 2 + 2 CS + TD-OCC ({1 1} and {1 -1}), up to 8 ports
· Note: It should be possible to schedule up to 4 ports without using both {1,1} and {1,-1}.
· Configuration type 2:
· One symbol:
· 2-FD-OCC across adjacent REs in the frequency domain, up to 6 ports
· Two symbols:
· 2-FD-OCC across adjacent REs in the frequency domain + TD-OCC (both {1,1} and {1,-1}) up to 12 ports
· Note: It should be possible to schedule up to 6 ports without using both {1,1} and {1,-1}.
· [bookmark: OLE_LINK20][bookmark: OLE_LINK19]From UE perspective, frequency domain CDMed DMRS ports are QCLed.
· FFS: Whether the front-load DMRS configuration type for a UE for UL and DL can be different or not.
· Note: If there are significant complexity/performance issues involved in the above agreements, down-selection can still be discussed
Agreements #2:
· NR supports FDM between DMRS and PDSCH for CP-OFDM at least for some cases
· FFS the conditions for this feature
· NR supports FDM between DMRS and PUSCH for CP-OFDM at least for some cases
· FFS the conditions for this feature
· NR supports signaling for PDSCH rate matching in DMRS symbols
· FFS details
Agreements #3:
· For PDSCH, when one additional DMRS symbol is configured for the 1-symbol front-load DMRS in a 14-symbol slot with front-load DMRS on the 3rd or 4th symbol, the additional DMRS symbol can be configured in the 12th, 10th, 8th symbol, 
· FFS the applicability of each additional DMRS location depending on slot format or last PDSCH symbol, etc. 
· Note: See the agreed positions in the figure. 
· The yellow region in the figure below does not contain PDSCH.
Skip the figures here
In this contribution, we further provide our views on remaining DMRS issues.
Discussion
0. DMRS for self-contained slot
In RAN1#89 meeting, there was a conclusion for DL DMRS position for self contained A/N feedback as follows
Conclusion
· [bookmark: OLE_LINK6]When ACK/NACK feedback is configured in the same slot with corresponding DL data transmission 
· For  14-symbol slot, down selection should be done in next meeting
· Alt.1:   Only support front loaded DMRS
· Alt.2 :  Support  front loaded DMRS +additional DMRS
· Alt.3 :  Configurable between Alt.1 and Alt.2
Since UE need enough processing time to demodulate DMRS/data and feedback corresponding ACK/NACK in a DL self-contained slot, the last DMRS symbol should not be too late. Or else, UE cannot demodulate data and feedback corresponding ACK/NACK in time. Therefore, we propose to only transmit front loaded DMRS for DL self-contained slot.
Proposal 1: When ACK/NACK feedback is configured in the same slot with corresponding DL data transmission, only front loaded DMRS is transmitted. 
Similar with DL, UE need enough time to prepare data transmission for UL self-contained slot which means UL data is scheduled in the same slot with corresponding UL grant. In this case, it is better to fix the font loaded DMRS in the first symbol of PUSCH, and not transmit data in front loaded DMRS symbol(s). And then, UE gets more processing time to prepare data. 
Proposal 2: When UL data is scheduled in the same slot with corresponding UL grant, only support TDM between UL front loaded DMRS and data. 
Proposal 3: The first DMRS position of PUSCH is fixed in the first symbol of the scheduled UL data. 
0. Principles for front loaded DMRS design for CP-OFDM
As described in Agreements#1 in section 1, both 1 symbol and 2 symbols are supported for front loaded DMRS. From our perspective, there are following three alternatives to configure the number of front loaded DMRS symbols
· Alt. 1: signaling by RRC 
· Alt.2: configured in the DMRS table in DCI 
· Alt.3: derived from PQI indication 
In Alt.1, gNB can semi-statically configure the number of front loaded DMRS symbols according to average requirements of total DMRS ports. In consequence, DCI tables can be separately designed for 1 DMRS symbol case and 2 symbol case. And then, DCI overhead may be reduced. However, this imposes some restrictions on dynamic switching between different transmission schemes e.g. between single-TRP and multi-TRP transmission or dynamic switching between two TRPs. Transmission from different TRPs or different transmission schemes may need different number of symbols.  If only RRC configuration is supported, it will potentially cause resource waste since two symbols need to be reserved for the worst case situation.  
In Alt.2, the table in DCI to inform DMRS information should include codepoints for both one and two DMRS symbols. Most flexibility can be achieved but DCI overhead increases. 
In Alt.3, the configuration on number of DMRS symbols can be included in each set of PQI parameters by RRC signaling. The problem of DPS in Alt.1 can be fixed but the DCI overhead can be the same with Alt.2.  It is reasonable to jointly encode this parameter with QCL parameters because multi-TRP transmission is a good use case of supporting dynamic switching between one symbol and two symbols.
Based on our analysis, we suggest Alt. 3 to dynamically inform the number of front loaded DMRS symbols
Proposal 4: The number of front loaded DMRS symbols is dynamically derived from PQI.
In the agreements#2 of section 1, FDM between DMRS and data has been agreed. For PDSCH/PUSCH rate matching, gNB can indicate UE with the number of DMRS CDM groups or combs. As shown in Figure 2.1, when one UE#0 is configured with DMRS p0 and p1, gNB informs UE the total number of DMRS groups which can be 1, 2 or 3. If 1 is indicated, there is no other DMRS transmission in the CDM group#1 and group#2. And then UE should receive/transmit data in REs of CDM group#1 and group#2. If 2 is indicated, UE should receive/transmit data in REs of CDM group#2 since some other UEs may transmit DMRS in CDM group#1. If 3 is indicated, UE should not receive/transmit data in DMRS symbols. 
[image: ]
Figure 2.2-1 Front loaded DMRS with 2 symbols
Proposal 5: Dynamically indicate number of CDM group(s) for PDSCH/PUSCH rate matching.
When two adjacent OFDM symbols are allocated for front loaded DMRS transmission, TD-OCC can increase the accuracy of channel estimation in low frequency bands which has been verified in LTE. However, TD-OCC may have some problems in high frequency bands since random phase rotation will lead to different channel estimation among different OFDM symbols. That’s why there are two notes in agreements#1 in order to restrict the application of TD-OCC. Some simulation results can be founded in our previous contribution [3]. Specifically, the application of TD-OCC [1 -1] should be restricted and only TD-OCC [1 1], i.e. repetition is configured because of serious phase noise impact.
Because application of TD-OCC [1 -1] depends on whether phase noise exists or not, and the presence of PTRS will be configured by RRC signal when phase noise exists, TD-OCC [1 -1] can be disabled when RRC signaling indicates the presence of PTRS, while both TD-OCC [1 1] and [ 1 -1] can be used when RRC signaling indicates absence of PTRS. Consequently, there is no need to introduce additional RRC signaling to indicate how to use DMRS ports with TD-OCC [1 -1]. 
However, even in the phase noise scenarios in which the presence of PTRS is configured by RRC signaling, the restriction of TD-OCC [1 -1] was questioned when UE is configured with lower density of PTRS in the time domain. That is because lower PTRS density(including density zero) usually corresponds to lower order modulation scheme of data, e.g. QPSK and 16 QAM. In order to verify the phase noise impact, we evaluate the performance with TD-OCC compared to FDM between 2 DMRS ports as a baseline. OCC codes [1 1] and [1 -1] are used for two DMRS ports in TD-OCC case. The simulation assumption and DMRS pattern can be found in Appendix A.
In Figure 2.2-2, there is no phase noise in the simulation, we can see there is no performance gap between the baseline and TD-OCC for each order modulation scheme. 
In Figure 2.2-3 (a)(b)(c), phase noise is included in the simulation. We can see TD-OCC introduce no or slight performance degradation when lower MCS and PTRS density is less than one in the time domain. However, when MCS is very high and PTRS is configured in each symbol, TD-OCC between two DMRS ports leads to about 10%  performance degradation as shown in Figure 2.2-3(d).
Totally, we can see TD-OCC does not introduce performance degradation when UE is configured with lower order modulation schemes which correspond to lower density PTRS in the dime domain. Therefore, we propose to only restrict TD-OCC [1 -1] for full time domain density of PTRS because very serious phase noise will lead to phase rotation for two adjacent symbol and has further impact on DMRS channel estimation.  This restriction ensures that UE does not need to perform phase tracking and TD-OCC de-spreading at the same time when PTRS density is one. 
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Fig  2.2-2 Performance show for scenarios without phase noise
[image: ][image: ]
(a)                                                                                      (b)
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(c)                                                                                        (d)
Fig  2.2-3 Performance show for scenarios with phase noise
Proposal 6: When two front loaded DMRS symbols are allocated, TD-OCC [1 -1] should not be enabled if PTRS is configured in every OFDM symbol.
0. Additional DMRS
Since whether and how many additional DMRS symbols is configured usually depends on UE speed which varies semi-statically, higher layer signaling should be used to indicate the number of additional DMRS for saving DCI overhead.
Proposal 7: The number of additional DMRS is semi-statically configured by higher layer signaling.
When one additional DMRS symbol is configured by higher layer signaling, the patterns have been agreed in Agreements#3 of section 1 as following
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Figure 2.3-1 The agreed patterns for 1 additional DMRS symbol cases
It is obvious that additional DMRS should not be mapped outside PDSCH/PUSCH since some other traffic, e.g. URLLC may be transmitted in the same slot. Consequently, the additional DMRS location can depend on the last symbol of PDSCH/PUSCH.  This allows the location of additional DMRS symbol dynamically adaptable to the PDSCH duration while it does not require any explicit signaling.
Proposal 8: When one additional DMRS symbol is configured with one front loaded DMRS symbol, the additional DL DMRS location depends on the last symbol of scheduled PDSCH:
· Pattern a is used if the last PDSCH symbol is not beyond symbol#8. 
· Pattern b is used if the last PDSCH symbol is symbol#9. 
· Pattern c is used if the last PDSCH symbol is symbol#10. 
· Pattern d is used if the last PDSCH symbol is symbol#11. 
· Pattern e is used if the last PDSCH symbol is symbol#12. 
· Pattern f is used if the last PDSCH symbol is symbol#13. 
However, when more than one additional DMRS symbol is configured, the additional DMRS symbol should be punctured if it is beyond the scheduled PDSCH which is a proper tradeoff between DMRS overhead and Doppler estimation in the short PDSCH duration.
Proposal 9: When more than one additional DMRS symbol is configured with one front loaded DMRS symbol, the additional DMRS should be punctured if it is beyond scheduled PDSCH.
For UL DMRS, we propose to support maximum 4 DMRS symbols as shown in Figure 2.3-2, wherein the front loaded DMRS is fixed in the first symbol of PUSCH, and all DMRS are evenly distributed with three symbols interval. If the additional DMRS is beyond scheduled PUSCH, it should be punctured. Or else, the DMRS overhead will be too large. 
.
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Figure 2.3-2 The pattern of 4 UL DMRS symbols
Proposal 10: Support maximum three additional UL DMRS symbols, wherein all DMRS are evenly distributed with three symbols interval and the additional UL DMRS should be punctured if it is beyond scheduled PUSCH.
Similar with DL DMRS design, gNB can configure the number of additional DMRS symbols, and the location of additional DMRS symbol can dynamically depend on the last symbol of scheduled PUSCH if the configured number of additional DMRS symbols is one, 
Proposal 11: When one additional DMRS symbol is configured with one front loaded DMRS symbol, the additional UL DMRS location depends on the last symbol of scheduled PUSCH. Assuming the front loaded DMRS is in the symbol n, then
· The additional DMRS symbol is n+12 if the last PUSCH symbol is beyond symbol n+11. 
· The additional DMRS symbol is n+ 8 if the last PUSCH symbol is beyond symbol n+7 but not beyond n+11. 
· The additional DMRS symbol is n+ 4 if the last PUSCH symbol is beyond symbol n+3 but not beyond n+7. 
· No additional DMRS symbol if the last PUSCH symbol is not beyond n+3. 
Signaling design for DMRS table
Considering different scenarios may have different requirements, hierarchical configuration of DMRS parameters settings can be used in order to balance DCI overhead and flexibility. These related DMRS parameters can be configured by RRC signaling or MAC CE in the first level setting. Then, some fast changing parameters can be configured dynamically by DCI in the second level. The following DMRS parameters can be jointly configured by higher layer.
· The additional DMRS pattern
Whether and how many additional DMRS symbols can be configured based on UE speed which does not 		dynamically vary. 
· The number of layers
This may depend on maximum number of layers which UE can support or the gNB wants to configure. 
· Scrambling ID
One scrambling ID seems enough if DMRS configuration type 2 is used since 12 ports can be supported. In 	this case, quasi-orthogonal DMRS ports are unnecessary.
· Multiplexing between DMRS and data
In this case, different ZP-DMRS patterns can be introduced to indicate how to do PDSCH rate matching 
around DMRS REs.
Furthermore, in order to achieve flexibility for multiple TRP transmission, these above parameters can be separately configured for each DMRS group which corresponds to one separate QCL assumption. 
Proposal 12: In order to reduce DCI overhead, multiple DMRS parameters can be jointly configured by by higher layer signaling.
Based on DMRS parameters configuration by higher layer, the table in DCI for DMRS port information will have few codepoints which needs small DCI overhead. 
[bookmark: OLE_LINK5]To further reduce DCI overhead when two CWs are configured by RRC signaling but only 1 CW is enabled, the reserved codepoints for MCS/NDI/RV in the disabled CW can be used to indicate DMRS information of the enabled CW, e.g. use NDI bit. 
In addition, to achieve flexible configuration of single TRP and multiple TRP transmission, or single beam or multiple beam transmission, both FDM and CDM between 2 configured layers should be supported considering the QCL association.
Conclusions
[bookmark: OLE_LINK11][bookmark: OLE_LINK10]In this contribution, we focused on the discussion of DMRS issues for both DL and UL, and then we provided our views.
Proposal 1: When ACK/NACK feedback is configured in the same slot with corresponding DL data transmission, only front loaded DMRS is transmitted.
Proposal 2: When UL data is scheduled in the same slot with corresponding UL grant, only support TDM between UL front  loaded DMRS and data. 
Proposal 3: The first DMRS position of PUSCH is fixed in the first symbol of the scheduled UL data.
Proposal 4: The number of front loaded DMRS symbols is dynamically derived from PQI.
Proposal 5: Dynamically indicate number of CDM group(s) for PDSCH/PUSCH rate matching.
Proposal 6: When two front loaded DMRS symbols are allocated, TD-OCC [1 -1] should not be enabled if PTRS is configured in every OFDM symbol.
Proposal 7: The number of additional DMRS is semi-statically configured by higher layer signaling.
Proposal 8: When one additional DMRS symbol is configured with one front loaded DMRS symbol, the additional DL DMRS location depends on the last symbol of scheduled PDSCH:
· Pattern a is used if the last PDSCH symbol is not beyond symbol#8. 
· Pattern b is used if the last PDSCH symbol is symbol#9. 
· Pattern c is used if the last PDSCH symbol is symbol#10. 
· Pattern d is used if the last PDSCH symbol is symbol#11. 
· Pattern e is used if the last PDSCH symbol is symbol#12. 
· Pattern f is used if the last PDSCH symbol is symbol#13. 
Proposal 9: When more than one additional DMRS symbol is configured with one front loaded DMRS symbol, the additional DMRS should be punctured if it is beyond scheduled PDSCH.
Proposal 10: Support maximum three additional UL DMRS symbols, wherein all DMRS are evenly distributed with three symbols interval and the additional UL DMRS should be punctured if it is beyond scheduled PUSCH.
Proposal 11: When one additional DMRS symbol is configured with one front loaded DMRS symbol, the additional UL DMRS location depends on the last symbol of scheduled PUSCH. Assuming the front loaded DMRS is in the symbol n, then
· The additional DMRS symbol is n+12 if the last PUSCH symbol is beyond symbol n+11. 
· The additional DMRS symbol is n+ 8 if the last PUSCH symbol is beyond symbol n+7 but not beyond n+11. 
· The additional DMRS symbol is n+ 4 if the last PUSCH symbol is beyond symbol n+3 but not beyond n+7. 
· No additional DMRS symbol if the last PUSCH symbol is not beyond n+3. 
Proposal 12: In order to reduce DCI overhead, multiple DMRS parameters can be jointly configured by by higher layer signaling.
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Appendix A:
Table 1. 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
	· Rank2

	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
	· QPSK(3/4)/16QAM (5/6)/64QAM(5/6, 0.9257)

	Channel coding scheme
	· LTE turbo coding 

	Link adaptation / HARQ
	· No link adaptation and no HARQ

	Channel estimation
	· 2D MMSE for others

	Performance Metric
	· Spectral efficiency

	Phase noise and frequency offset model 
	· Evaluate with and without phase tracking with the model in table 1 in R1-1612335

	UE speed
	· 3 km/h 

	Channel model
	· CDL-A  for 30GHz
· Possible DS values = {30} 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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Figure 5 DMRS patterns for performance comparisons of TD-OCC
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