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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1 NR adhoc#2, the agreements regarding CP-OFDM DMRS are as following:
Agreements:
· 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}.
· 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
The agreements regarding DFT-S-OFDM DMRS are as following:
Agreements:
· For DFT-S-OFDM based PUSCH DMRS
· DMRS are mapped to resource elements using a comb structure (IFDMA). 
· DMRS and associated PUSCH are multiplexed in time domain
· At least the following (repetition factor, CS) combinations is supported
·  (2, 2)
· Front load DMRS is allocated to 1 or 2 OFDM symbols
· When 2 OFDM symbols are allocated, TD-OCC ({1 1} and {1 -1}) are supported for orthogonal DMRS port multiplexing.
· FFS the detailed applicability of 1 vs. 2 OFDM symbols
· FFS the location of the DMRS symbol(s)
In this contribution, we discuss how to indicate UE the DMRS resources for different ports.
2 Discussion
2.1 UL DMRS table design for DFT-S-OFDM
When DFT-S-OFDM is used as UL waveform, CS/comb/TD-OCC will be used as the multiplexing scheme for multiple DMRS ports. Meanwhile, only one layer will be supported for a UE, which means that the multiplexing is mainly for different UEs. As a result, it is desirable to guarantee the full usage of DMRS resource for each UE.
Here we provide a table to address the flexibility form MU perspective.
Table 1: DMRS table for UL DFT-S-OFDM.
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With this table, gNB can indicate to UE which resource index to be used. It is up to gNB to guarantee different UEs use orthogonal the DMRS resources. If all the columns are supported, 3 bits are necessary for indication. If a subset of the columns are supported, overhead signaling can be reduced at the cost of reduced UE multiplexing.
Proposal 1: Support Table 1 for UL DFT-S-OFDM.
2.2 UL DMRS table design for CP-OFDM with CS/comb/TD-OCC
When CP-OFDM is used as UL waveform, DMRS type 1 with CS/comb/TD-OCC can be used to multiplex different DMRS ports. Different from DFT-S-OFDM, a single UE with up to 8 layers can be supported with CP-OFDM. Meanwhile, multiple UEs to construct 8 DMRS ports transmission are also supported. As a result, the DMRS table design should consider both SU-MIMO and MU-MIMO. For SU-MIMO, it is desirable to support any transmission layers with small signaling overhead. For MU MIMO, it is desirable to support any DMRS resource for any UE for flexibility.
In following, we provide two options on the DMRS table design:
2.2.1 DMRS table design-Option 1
Option 1 is a two-step table design:
· Step 1: Determine the order of CS/Comb/TD-OCC. The order means that for SU, the multiple layers will use these resources in sequence. With the determined order, the DMRS resources for single UE 8 layers can be constructed.
· Step 2: Based on the order in Step 1, add additional columns to support other transmission layers for a single UE, for example: 1,2,4 layers.
The table with CS->Comb->TD-OCC is shown as an example:
Table 2: DMRS table for Order CS->Comb->TD-OCC
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With Option 1, 3 bits are necessary to indicate the order. The 3 bits can be carried by RRC/DCI signaling.  4 bits are necessary to indicate the layer 0 DMRS resource. If the transmission layer can be informed from other scheduling related information, such as precoding indication, then DMRS resource for all the layers can be derived.
2.2.2 DMRS table design-Option 2
Option 2 is combination of Step 1 and Step 2 in Option 2. That is, to construct all the six tables with different mapping orders, and delete the redundant columns to construct a combined table.
We describe the table with different SU layers.
For SU layer 8 transmission, the table is as following:
Table 3: DMRS with 8 layers for all orders
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There are six different mapping orders, so there are 6 columns for the 8-layer table.
For SU layer-4 transmission, it is constructed by divide each column of the 8-layer table into two columns, and the table is as following:
Table 4: DMR with 4 layers for all orders
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For example, column 1 is actually layer 4-7 of column 0 in the 8-layer table.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]The orange columns are the new additional columns compared with the 8 layer case. While the columns without colors are those which can be covered by the 8-layer table.
For SU layer-2 transmission, it is constructed by divide 3 columns of the 8-layer table into 12 columns. The reason to choose 3 columns from 6 columns is to avoid duplication. The table is as following:
Table 5: 2 layer table for all orders
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For SU layer-1 transmission, it is constructed by divide one column of the 8-layer table into 8 columns. The reason to choose 1 column from 6 columns is to avoid duplication. The table is as following:
Table 6: 1 layer table for all orders
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To construct a full table, we can combine these four tables together, as following:
Table 7: Regular combined table for all orders and all layers
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With this combined table, 4 bits are necessary to indicate the DMRS resource for different transmission layers, where v is the layer index. These 4 bits need to be carried by the DCI scheduling the corresponding transmission. It can support both SU-MIMO and MU-MIMO. By using different comb and/or TD-OCC resources, MU MIMO between different scheduling bandwidth UEs or with different waveforms can also be supported.
Compared with Option 1, Option 2 has relative smaller signaling overhead with the same level of flexibility. So Option 2 is more preferable.
Proposal 2: Support Table 7 for UL CP-OFDM with CS/comb/OCC.
2.3 UL DMRS table design for CP-OFDM with CS/comb/TD-OCC for additional DMRS
When additional DMRS is configured/assumed, it means that the channel is varying quickly in the time domain, or equivalently the UE speed is relatively large. In this case, the number of transmission layers should be restricted to a small value, and TD-OCC can’t be used due to channel characteristics change between adjacent symbols. As a result, the UE can only use CS and/or comb to multiplex different DMRS ports. New DMRS table with smaller size can be used to reduce the signaling overhead. Regular DMRS table with restriction on usage columns and layers can also be considered. To support a common framework, we slightly prefer a common UL DMRS table with and without additional DMRS.
Proposal 3: Support common UL DMRS table for the case with/without additional DMRS.
2.4 UL DMRS table design for CP-OFDM with FDM/FD-OCC/TD-OCC
When FDM/FD-OCC/TD-OCC is used as the DMRS multiplexing scheme, similar DMRS table can be designed. There can be order specific table, layer number specific table, combined table, small table for additional DMRS. Similar mechanism as that of CS/comb/TD-OCC can be adopted. The main difference is that the available number of FDM resources is 3 rather than 2, which will have impact on the number of columns in the table. 
3 Conclusion
In this contribution, we discussed the signaling to indicate the UL DMRS resource for both DFT-S-OFDM and CP-OFDM considering both SU and MU, and our proposals are as following:
Proposal 1: Support table 1 for UL DFT-S-OFDM.
Proposal 2: Support Table 7 for UL CP-OFDM with CS/comb/OCC.
Proposal 3: Support common UL DMRS table for the case with/without additional DMRS.
4 References
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