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In Rel-18, necessary enhancements on downlink MIMO that facilitate the use of large antenna array, not only for FR1 but also for FR2, would still need to be introduced to fulfil the request for evolution of NR deployments. Also, it is important to identify and specify necessary enhancements for uplink MIMO. Increasing number of orthogonal DMRS ports is agreed as part of one items for enhancement, where the corresponding object is as highlighted as following in the approved WID[1]:
	3. Study, and if justified, specify larger number of orthogonal DMRS ports for downlink and uplink MU-MIMO (without increasing the DM-RS overhead), only for CP-OFDM,
· Striving for a common design between DL and UL DMRS
· Up to 24 orthogonal DM-RS ports, where for each applicable DMRS type, the maximum number of orthogonal ports is doubled for both single- and double-symbol DMRS


As advanced UEs (e.g. CPE, FWA, vehicle, industrial devices) become more relevant, introducing necessary enhancements to support for 8 antenna ports as well as 4 and more layers for UL transmission can offer the needed improvement for UL coverage and average throughput. SRS enhancement for 8Tx is agreed as part of one items for enhancement, where the corresponding object is as highlighted as following in the approved WID[1]: 5. Study, and if justified, specify UL DMRS, SRS, SRI, and TPMI (including codebook) enhancements to enable 8 Tx UL operation to support 4 and more layers per UE in UL targeting CPE/FWA/vehicle/Industrial devices
· Note: Potential restrictions on the scope of this objective (including coherence assumption, full/non-full power modes) will be identified as part of the study.

In this contribution, we provide our views on increasing orthogonal DMRS port number for UL/DL MU-MIMO and 8 Tx UL SU-MIMO.
Discussion on increasing the number of orthogonal DMRS ports
Increasing the number of orthogonal DMRS ports for DL/UL MU-MIMO
For legacy DMRS, common DMRS pattern is designed for DL/UL MIMO with the same maximum orthogonal DMRS port number. In detail, two DM-RS configuration types are specified, which are Type 1 DM-RS and Type 2 DM-RS. Both of them can support single-symbol and a double-symbol DMRS. For single-symbol DMRS, it can support maximum 4/6 orthogonal ports for Type1/Type2 DMRS, respectively; for double-symbol DMRS, it can support maximum 8/12 orthogonal ports for Type1/Type2 DMRS, respectively. 
In Rel.18, there is a need for increasing the number of orthogonal DMRS ports for high dimension MU-MIMO scenario. With increasing the number of orthogonal DMRS ports, it can support demodulation of data for more users transmitted on the same time/frequency resources. To harvest the increasement of spectrum efficiency, the DMRS overhead had better not be increased. For these targets, DMRS needs being designed with good tradeoff between channel estimation accuracy and maximum DMRS port number.
For DMRS design with large number of orthogonal ports, it is preferred a common design between DL and UL DMRS to save standard effort. Furthermore, both single-symbol DMRS and double-symbol DMRS needs being supported for type 1 and type 2 DMRS to keep compatibility with legacy UE. To reuse existed DMRS design framework, some extension can be made to support maximum 16/24 orthogonal DMRS ports for type1/2 two symbol DMRS, respectively; with maximum 8/12 orthogonal DMRS ports for type1/2 one symbol DMRS, respectively. To justify or compare the performance gain, the evaluation can be made for type 1/2 two symbol DMRS with maximum 16/24 orthogonal DMRS ports in MU-MIMO scenario, respectively and for type 1/2 one symbol DMRS with maximum 8/12 orthogonal DMRS ports in MU-MIMO scenario, respectively.   
Proposal 1: Evaluate and design the following configurations:  1. Type 1/2 two symbol DMRS with maximum 16/24 orthogonal ports in MU-MIMO scenario, respectively; 2. Type 1/2 one symbol DMRS with maximum 8/12 orthogonal ports in MU-MIMO scenario, respectively. 
For legacy DMRS, a set of additional DM-RS symbols can be additionally introduced to improve the channel estimation accuracy in time domain, which are distributed inside the scheduled data channel duration. It may include maximum 4 OFDM symbols with location defined by dmrs-AdditionalPosition. Since UE has low speed in typical MU-MIMO scenario, increasing the number of orthogonal DMRS ports  can be studied for DMRS without additional symbols with high priority. Then, more evaluation can be made to justify the performance gain if interested in introducing more orthogonal ports for DMRS with additional symbols.  
Proposal 2: Study increasing the number of DMRS ports without additional symbols with high priority. 
For legacy DMRS, 2 or 3 CDM groups and length-2 OCC in frequency/time domain are used to multiplex multiple orthogonal DMRS. In detail, for type1/2 single symbol DMRS, 4/6 orthogonal DMRS ports are designed with 2/3 CDM groups and two orthogonal ports multiplexed in frequency domain using a length-2 OCC sequence, respectively; for type1/2 two symbol DMRS, 8/12 orthogonal DMRS ports are designed with 2/3 CDM groups and four orthogonal ports multiplexed with using a length-2 OCC sequence in frequency domain and a length-2 OCC sequence in symbol domain, respectively. In Rel.18, to support increasing the number of orthogonal DMRS ports but without increasing DMRS overhead, more orthogonal DMRS ports can be considered with multiplexing on the same time frequency resources. For example, length-4 OCC in frequency domain can be considered for multiplexing 4 orthogonal DMRS ports. Alternatively, FDM based scheme can be considered with 4 CDM groups for multiplexing more orthogonal DMRS ports if half RE number is used for channel estimation per DMRS port compared with legacy DMRS. It may achieve power boosting gain when some DMRS ports are not taken up. On top of newly designed DMRS pattern for supporting large number of orthogonal ports, the DMRS sequence and transmission power can be further discussed. 
Proposal 3: Study frequency domain length-4 OCC schemes and FDM based scheme to multiplex more orthogonal DMRS ports without increasing DMRS overhead. 
For MU-MIMO, the used DMRS port is required to be indicated to UE for demodulation. For legacy design, the number of DMRS CDM group(s) without data, DMRS port(s), number of front-load symbols are indicated together by DCI signalling. With increasing the number of orthogonal DMRS ports, the signalling is required to be enhanced to indicated DMRS port with large port index, e.g. port 8-15 for type 1 two symbol DMRS or 12-23 for type 2 two symbol DMRS. In principle, large DCI bits are required to achieve good flexibility for indicating DMRS port. Enhanced signalling design can be studied to achieve good tradeoff between feedback overhead and scheduling flexibility.
Proposal 4: Study enhanced signalling design for indicating orthogonal DMRS ports with increasing number.
Increasing the number of orthogonal DMRS ports for 8Tx UL SU-MIMO
For legacy system, UE can only support maximum 4Tx UL SU-MIMO operation. Thus, maximum 4 layers are supported and maximum 4 orthogonal DMRS ports are supported for UL SU-MIMO transmission. In Rel.18, 8 Tx UL operation will be studied and specified (if justified) for CPE/FWA/vehicle/Industrial devices. It can increase spectrum efficiency and improve peak data rate when more than 4 layers are used for UL SU-MIMO transmission. Especially, UE can achieve peak data rate with 8 layer transmission. To support 8 Tx UL SU-MIMO transmission with maximum 8 layers, maximum 8 orthogonal DMRS ports can be introduced for UL SU-MIMO transmission. 
Proposal 5: Support maximum 8 orthogonal DMRS ports for UL SU-MIMO to achieve high spectrum efficiency and peak data rate.
For legacy system, it support both codebook based and non-codebook based UL transmission, which can be used for FDD based system and TDD based system with reciprocity, respectively. With similar reason, maximum 8 orthogonal DMRS ports can be supported for both codebook based and non-codebook based UL transmission.  
Proposal 6: Support both codebook based and non-codebook based UL SU-MIMO transmission with maximum 8 orthogonal DMRS ports.
For legacy system, maximum 8/12 orthogonal ports can be supported for type1/2 DMRS for MU-MIMO transmission. The legacy DMRS pattern can be used for DMRS resource mapping for 8Tx uplink SU-MIMO transmission, where there is similar situation for 8Tx downlink SU-MIMO transmission. On account that increasing orthogonal DMRS ports can be introduced in Rel.18 as discussed in section 2.1, the newly introduced DMRS pattern can be also used for DMRS resource mapping for 8Tx uplink SU-MIMO transmission.
Proposal 7: Strive to maximize the DMRS design common for UL SU-MIMO and MU-MIMO. 
Proposal 8: Support newly introduced DMRS pattern (designed for DMRS with increasing orthogonal port number for MU-MIMO) used for DMRS resource mapping in case of 8Tx UL SU-MIMO transmission.
Conclusion
Base on above discussion, our proposals are summarized as follows:
Proposal 1: Evaluate and design the following configurations: 1. Type 1/2 two symbol DMRS with maximum 16/24 orthogonal ports in MU-MIMO scenario, respectively; 2. Type 1/2 one symbol DMRS with maximum 8/12 orthogonal ports in MU-MIMO scenario, respectively. 
Proposal 2: Study increasing the number of DMRS ports for DMRS without additional symbols with high priority. 
Proposal 3: Study frequency domain length-4 OCC schemes and FDM based scheme to multiplex more orthogonal DMRS ports without increasing DMRS overhead. 
Proposal 4: Study enhanced signalling design for indicating orthogonal DMRS ports with increasing number.
Proposal 5: Support maximum 8 orthogonal DMRS ports for UL SU-MIMO to achieve high spectrum efficiency and peak data rate.
Proposal 6: Support both codebook based and non-codebook based UL SU-MIMO transmission with maximum 8 orthogonal DMRS ports.
Proposal 7: Strive to maximize the DMRS design common for UL SU-MIMO and MU-MIMO. 
Proposal 8: Support newly introduced DMRS pattern (designed for DMRS with increasing orthogonal port number for MU-MIMO) used for DMRS resource mapping in case of 8Tx UL SU-MIMO transmission.
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