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Introduction
[bookmark: OLE_LINK26][bookmark: OLE_LINK23]In RAN1 NR Ad-hoc#2 meeting, there were following agreements on DMRS for CP-OFDM [1]:
[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:
· For broadcast/multicast PDSCH (other than PBCH), the PDSCH is transmitted with a single DMRS port:
· Support using only one front-load DMRS Configuration from Configuration 1 and Configuration 2. To down-select from:
· Alt 1: Configuration 1 (FFS 1 or 2 symbols) 
· Alt 2: Configuration 2 with 2 symbols
· Support additional DM-RS. To down-select from:
· Alt 1: Additional DMRS is always present 
· Alt 2: Additional DMRS is configurable
· FFS the number of additional DMRS symbol(s)
Agreements #3:
· Study further aspects related to DMRS and data multiplexing in DL and UL considering 14 and 7 symbol slots/mini-slots, 1 vs. 2 front loaded DM-RS symbols, additional DM-RS, etc.
· Study further aspects related to possibly power boosting DM-RS (performance, complexity, spec impact)

Agreements #4:
· The number of front-load DMRS symbols can be 1 or 2 when the number of DMRS ports allocated to UE is equal or less than N
· N is 4 for Configuration 1 and 6 for Configuration 2.
· FFS the details to determine 1 or 2 symbols

In addition, some agreements were achieved in other session outside MIMO:
[bookmark: OLE_LINK8]Agreements #5:
· For downlink, UE can be informed about the first DMRS position of the PDSCH between the following:
· Fixed on the 3rd or 4th symbol of the slot (for, a.k.a, slot-based scheduling)
· 1st symbol of the scheduled data (for a.k.a non-slot-based scheduling)
· FFS: if special handling is needed for the case where some of the PRBs of the symbol of the scheduled data is overlapped with the other signals/channels
· FFS: When the UE is configured both slot-based scheduling and non-slot-based scheduling, the first DMRS position of the PDSCH can be changed between the 3rd or 4th symbol of the slot and 1st symbol of the scheduled data
Agreements #6:
· For uplink, the first DMRS position of the PUSCH is fixed relative to the start of the scheduled data.
· FFS: Additional possibility of the another fixed position relative to the start of slot
· The exact fixed position can be changed depending on the duration of the scheduled data
In this contribution, we further provide our views on remaining DMRS issues.
Discussion
0. The number of front loaded DMRS symbols
As described in Agreements#1 in section 1, both 1 symbol and 2 symbols are supported for front loaded DMRS. 1 DMRS symbol is to support up to 4 and 6 ports for configuration type 1 and 2 respectively. 2 DMRS symbols are to support 8 and 12 ports for configuration type 1 and 2 respectively. From our perspective, there are following three alternatives to configure the number of front loaded DMRS symbols
· Alt. 1: RRC signaling 
· Alt.2: the table in DCI for DMRS information 
· Alt.3: 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, e.g. traffic load, the linked number of UEs in the cell, the number of antenna ports in gNB side, etc.. In this case, DCI tables should be separately designed for 1 DMRS symbol case and 2 symbol case. And then, DCI overhead can be reduced. However, scheduling flexibility is scarified. Dynamical adaption of scheduling layers is restricted between 1-4 layers and more than 4 for configuration type 1, between 1- 6 layers and more than 6 for configuration type 2.  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. In this case, DCI overhead may increase compared with RRC configuration between 1-symbol and 2-symbol table, but most flexibility can be achieved. Furthermore, data can be predefined TDMed with DMRS, the DCI table for DMRS information will be simple because of transparent MU-MIMO. gNB can dynamically schedule one or two DMRS symbols based on total number DMRS ports of gNB side, DMRS overhead can adapt to different situation and hence avoids resource waste. 
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.  It is reasonable to jointly encode this parameter with PQI 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 1: Using PQI to inform the number of front loaded DMRS symbols.
0. DMRS position in time domain
2.2.1 DMRS position for self contained feedback
In RAN1#89 meeting, there was a conclusion for 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 7-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
· 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
· Companies are encouraged to provide simulation results for additional DMRS position for mobility scenarios and the assumed number of symbols for front loaded DMRS and additional DMRS, and consider the minimum time to support fast demodulation for DM-RS pattern related design 
For fast demodulation, the last DMRS symbol should not be too late when ACK/NACK feedback is configured in the same slot with corresponding DL data transmission. Or else, UE cannot demodulate data and feed back corresponding ACK/NACK in time. In order to guarantee self-contained slot structure, only front loaded DMRS should be transmitted for 14 symbol slots. 
For 7 symbol slot, it seems hard to support self-contained ACK/NACK feedback considering the last symbol of front loaded DMRS is possible to be 4th or 5th, especially for the case with 2 front loaded DMRS symbols.
[bookmark: OLE_LINK17][bookmark: OLE_LINK18]Proposal 2: For 14 symbol slot, only front loaded DMRS is transmitted when ACK/NACK feedback is configured in the same slot with corresponding DL data transmission. For 7 symbol slot, the case of transmission of ACK/NACK feedback and corresponding DL data in the same slot is not supported.
2.2.2 DMRS position for high speed scenarios
For high speed scenario, we propose pattern a and b in Figure 2.2-1. The pattern b is used when 4 or more GP/UL symbols are configured. And the pattern a is used when it has 3 or less GP/UL symbols since it can introduce better performance than pattern b as shown in our companion contribution [2]. It is obvious that DL additional DMRS should be transmitted within the corresponding PDSCH region.
[image: ]
Pattern a                                                        Pattern  b
Figure 2.2-1 DMRS patterns for high speed scenario 
For extreme high speed scenario, we propose the pattern as shown in Figure 2.2-2. Since flexible starting position and duration of PDSCH has been supported for DL/UL data scheduling, the additional DMRS in symbol 14 will not be needed if PDSCH ends before symbol 14. So the final pattern of additional DMRS should depend on PDSCH duration, and all additional DMRS should be transmitted in the corresponding PDSCH region.

[image: ]
Figure 2.2-2 DMRS pattern for extreme high speed scenario
Proposal 3: The last symbol of additional DMRS is no later than the last data symbol in a slot.
2.2.3 Multiplexing schemes in time domain
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. In this case, the application of TD-OCC [1 -1] should be restricted and only TD-OCC [1 1], i.e. repetition is configured in scenarios with phase noise.
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, both TD-OCC [1 1] and [ 1 -1] can be used when RRC signal indicates absence of PTRS, and TD-OCC [1 -1] cannot  be used when RRC signal indicates presence of PTRS. Consequently, there is no need to introduce additional RRC signaling to indicate how to use DMRS ports with TD-OCC [1 -1]. 
Proposal 4: When two OFDM symbols are allocated for DMRS transmission, TD-OCC [1 -1] should not be used if RRC signal indicates presence of PTRS.
0. DMRS multiplexing in frequency domain
2.3.1 FD-OCC based pattern
[image: ]
(a)                                                      (b)
Figure 2.3-1 Front loaded DMRS patterns based on FD-OCC for 1 symbol and 2 symbol cases
In pattern 2.3-1 a and 2.3-1 b we proposed, continuous DMRS ports are mapped on different OCC2 groups, this is useful for non-coherent JT transmission scheme when different layers are not from the same TRP and the QCL assumption is not same. E.g. for one UE with port 0, 1 which are FDMed, it is align with the agreement which support QCL for frequency domain CDMed DMRS ports . Therefore, the following DMR port mapping is proposed. 
Proposal 5: Support DMRS port mapping in Table 1 for configuration type 2.
Table 1  Parameters for PDSCH DMRS type 2
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Compared with DMRS configuration type 1, the density of configuration type 2 is quite low which only has 4 REs/port/RB for 1 DMRS symbol case. Therefore, power boosting should be used for better channel estimation. In order to ensure power boosting and get simple signaling design to inform DMRS port information, we suggest one of following principles for type 2 front loaded DMRS.
· Opt. 1: DMRS and corresponding data cannot be FDMed 
· Opt. 2: at most one of three CDM groups is allowed for data transmission.
Option 1 provides transparent MU-MIMO which reduces standard effort. In this case, maximum 4.77 dB power boosting gain can be always ensured.  In this case, it is better to support dynamical configuration of front loaded DMRS symbols for saving DMRS overhead. 
In potion 2, only one CDM group is predefined for possible data transmission when the number of layers is small. As shown in Figure 2.3-1 a, REs occupied by port 2 and port 5 can be the predefined CDM group. In other words, REs occupied by DMRS port 0, 1, 3 and 4 never be used for data transmission. When one UE is configured DMRS ports within port 0, 1, 3 and 4, gNB need to use explicit signaling to inform UE if having data transmission on REs occupied by port 2 and 5 for PDSCH mapping. 
Proposal 6: From UE perspective, one of following alternatives should be supported when only front loaded DMRS is transmitted.
Opt.1: DMRS and corresponding data cannot be FDMed.
Opt.2: Only one of three CDM2 or CDM4 groups can be allowed for data transmission. 
[bookmark: OLE_LINK21]Obviously, it is very hard to achieve most flexibility for PDSCH mapping since the configuration of number of DMRS symbols is UE specific, and may be different for different UEs. For instance in Figure 2.3-2, even UE#0 is configured with port 0, 3, 6, 9 which map on two DMRS symbols, another UE#1 may be configured with 1 DMRS symbol. This will increase complexity of signaling design for symbol level PDSCH mapping. So we slightly prefer option 1 with supporting dynamical configuration of DMRS symbols since opt.1 provides transparent MU-MIMO. If FDM multiplexing between DMRS and corresponding data is supported, zero power DMRS can be supported to indicate whether data transmission is overlapping with DMRS pattern. 

[image: ]
Figure 2.3-2
In addition, since FD-OCC based DMRS pattern is almost same as CSI-RS pattern with 2 ports, 4ports, or 8 ports, it is straightforward to support FDM between CSI-RS and DMRS as shown in Figure 2.3-3 even in one PRB.  Also, it would be beneficial to enable resource sharing between DMRS and CSI-RS to support self-contained CQI feedback with low overhead [3].
Proposal 7: Support FDM between DMRS and CSI-RS even in one PRB.
[image: ]
Figure 2.3-3 Multiplexing between DMRS and CSI-RS
2.3.2 IFDM based pattern
                                                     [image: ]                          
(a)                                                (b)
Figure 2.3-4 IFDM based patterns
To be aligned with patterns of DMRS configuration type 2, we support DMRS port mapping in Figure 2.3-4 for configuration type 1.
Proposal 8: Support DMRS port mapping in Table 2 for configuration type 1.
Table 2 Parameters for PDSCH DMRS type 2
	

	

	

	


	
	
	

	

	One symbol
	Two symbol

	1000
	0
	+1
	+1
	

	


	1001
	1
	+1
	+1
	

	


	1002
	0
	+1
	-1
	

	


	1003
	1
	+1
	-1
	

	


	1004
	0
	+1
	+1
	-
	


	1005
	1
	+1
	+1
	-
	


	1006
	0
	+1
	-1
	-
	


	1007
	1
	+1
	-1
	-
	




In order to keep transparent MU-MIMO, we also do not prefer FDM between DMRS and data. 
Proposal 9: For DMRS configuration type 1, DMRS and corresponding data cannot be FDMed.
In addition, as the pattern of DMRS configuration type 1 is similar with 1 port CSI-RS pattern, it can increase CSI-RS capacity and system efficiency if 1 port CSI-RS can be transmitted in DMRS symbol. As shown in Figure 2.3-5, it is possible to transmit CSI-RS and DMRS simultaneously even in one PRB. Furthermore, it is straightforward to support CSI-RS in front loaded DMRS symbol if some PRBs are not allocated to data. 
[image: ]
Figure 2.3-5 Multiplexing between DMRS and CSI-RS with 1 port
According to aforementioned analysis for DMRS type 1 and 2, we propose to support CSI-RS transmission in DMRS symbols including front loaded DMRS symbols.
Signaling design
The requirement of DCI overhead seems unaffordable if we need to cover all the possible combinations of DMRS parameters even no FDM between DMRS and data is assumed. In addition to front loaded DMRS configuration, the information on additional DMRS should also be configured to UE, and the control signaling overhead will be larger if all explicit parameters are configured by DCI. 
Considering different scenarios may have different requirements, hierarchical configuration of DMRS parameters settings can be used in order to balance the 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.
· Number of layers
· DMRS port indices per DMRS group
· Scrambling ID per DMRS group. (e.g. maximum 2 nSCIDs for type 1 and 1 nSCID for type 2)
· Number of layers
· 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.

	DMRS  parameter set n
	Number of layers
	port indices for group 1
	nSCID for group1
	ZP-DMRS information
	…

	
	
	port indices for group 2
	nSCID for group2
	
	


….

….
	DMRS  parameter set N
	Number of layers
	port indices for group 1
	nSCID for group1
	ZP-DMRS information
	…

	
	
	port indices for group 2
	nSCID for group2
	
	



Some of the DMRS parameters which don’t need the possibility of DCI selection can be configured by RRC. e.g.
· Additional DMRS pattern
             . Whether and how many additional DMRS symbols can be configured based on UE speed which does not 		dynamically vary. 
· Some DMRS ports with TD-OCC [1 -1]
In high frequency bands, DMRS ports with TD-OCC [1 -1] should not be used because of phase noise. We 	propose to use RRC signaling which configures presence of PTRS to restrict the application of TD-OCC 	[1 -1] as discussed in section 2.2.4.
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 10: In order to reduce DCI overhead, multiple DMRS parameters can be jointly configured by by higher layer signaling to form DMRS parameter set.  Maximum N parameter sets can be configured/activated by higher layer signaling so that DCI can select one out of N parameter sets.
[bookmark: OLE_LINK5]DMRS parameters for SIB, paging and RAR
For SIB, paging and random access response information, there may be no RRC connection between gNB and UE. In this case, we propose to use IFDM based pattern with 1 port as default one because of higher density. In this case, different cell can use different CS index, comb in order to achieve interference randomization. E.g. cell 0 uses CS0 and cell 1 use CS 2. Therefore, we support 1 front loaded DMRS symbol with several additional DMRS symbols are always present for broadcast PDSCH.
Conclusions
[bookmark: OLE_LINK11][bookmark: OLE_LINK10]In this contribution, we focused on the discussion of downlink DMRS patterns, and then we provided our views.
Proposal 1: Using PQI to inform the number of front loaded DMRS symbols..
Proposal 2: For 14 symbol slot, only front loaded DMRS is transmitted when ACK/NACK feedback is configured in the same slot with corresponding DL data transmission. For 7 symbol slot, the case of transmission of ACK/NACK feedback and corresponding DL data in the same slot is not supported.
Proposal 3: The last symbol of additional DMRS is no later than the last data symbol in a slot.
Proposal 4: When two OFDM symbols are allocated for DMRS transmission, TD-OCC [1 -1] should not be used if RRC signal indicates presence of PTRS.
Proposal 5: Support DMRS port mapping in Table 1 for configuration type 2.
Proposal 6: From UE perspective,one of following alternatives should be supported when only front loaded DMRS is transmitted.
Opt.1: DMRS and corresponding data cannot be FDMed.
Opt.2: Only one of three CDM2 or CDM4 groups can be allowed for data transmission. 
Proposal 7: Support FDM between DMRS and CSI-RS even in one PRB.
Proposal 8: Support DMRS port mapping in Table 2 for configuration type 1.
Proposal 9: For DMRS configuration type 1,  DMRS and corresponding data cannot be FDMed.
[bookmark: _GoBack]Proposal 10: In order to reduce DCI overhead, multiple DMRS parameters can be jointly configured by by higher layer signaling to form DMRS parameter set.  Maximum N parameter sets can be configured/activated by higher layer signaling so that DCI can select one out of N parameter sets.
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