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1  Introduction

A new work item on MIMO evaluation for DL and UL was approved in RAN#94 meeting [1]. DMRS enhancement is included in the WID. In this contribution, we mainly share our considerations on increasing number of orthogonal DMRS ports.
2  Orthogonal DMRS for DL and UL MU-MIMO

Due to the increasing need for multiplexing capacity of DMRS from various use cases, the following objective are identified for orthogonal DMRS for DL and UL MU-MIMO. 
	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


In Rel-15 and Rel-16, DMRS with Type I and Type II can support up to 8 and 12 orthogonal ports, respectively. To support doubled orthogonal ports for each DMRS type without increasing the overhead, both FDM based and FD-OCC based enhancement can be considered.
For legacy DMRS design, both FDM and CDM are used for frequency-domain port multiplexing. For DMRS patterns with 2 adjacent symbols, TD-OCC is used for time-domain port multiplexing. One direct way to increase more orthogonal DMRS ports is to reduce the frequency density for each DMRS port. An example of enhanced Type II DMRS with single symbol and double symbols are given in Fig.1. The number of CDM groups is increased to 6. 
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Fig. 1 FDM based enhancement for Type II DMRS

Another way to increase the orthogonal DM-RS ports is using longer OCC in frequency domain. FD-OCC=4 for DMRS Type II is illustrated in Fig. 2. It is obvious that longer OCC will degrade the performance due to the impact of frequency selective, hence it is more suitable for low delay spread scenario.
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Fig. 2 FD-OCC=4 enhancement for Type II DMRS

For both FDM-based and FD-OCC based enhancement, how to support legacy UE and Rel-18 UE for MU-MIMO should be considered. One possible solution is to use different CDM groups for legacy UE and Rel-18 UE. Moreover, the above enhancements cannot be directly reused for Type I DMRS. For Type I DMRS pattern, each port occupies 6 REs per PRB per symbol. If the frequency is reduced to 3 REs, the FD-OCC length may need to be modified. Similarly, if FD-OCC=4 is used for Type I DMRS, how to accommodate OCC length with frequency density of DMRS should be studied.

Proposal 1: To support more orthogonal DMRS ports, both FDM-based and FD-OCC=4 enhancement can be considered, and how to accommodate OCC length with frequency density of DMRS should be studied.
3  DMRS enhancement for 8 TX UL transmission
To enable 8 TX UL transmission, the following objective is identified for DMRS enhancement. 
	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 Rel-15, up to 4 layers transmission are supported for UL with maximum 4 DMRS antenna ports indication in DCI. To enable 8 TX UL operation to support up to 8 layers UL transmission, maximum 8 DMRS antenna ports indication should be supported in DCI. In Rel-15, maximum 8 DMRS antenna ports indication has been supported for DL, which can be used as a starting point for UL DMRS antenna ports indication design. For less than or equal to 4 layers UL transmission, current DMRS port indication can be reused without additional enhancement. For larger than 4 layers UL transmission, the available DMRS ports combination for DL can be reused for UL.
Proposal 2: DMRS antenna ports indication for DL can be used as a starting point for UL DMRS antenna ports indication design.
Besides, in Rel-15, it has been restricted that the maximum number of orthogonal DMRS ports per UE in MU-MIMO is 4 for DL. For UL, since up to 4 layers transmission are supported, so no restriction is needed for MU-MIMO in Rel-15. However, to enable 8 TX UL operation to support up to 8 layers UL transmission, whether restriction on maximum number of orthogonal DMRS ports per UE in MU-MIMO is needed or not can be studied.
Proposal 3: For 8 TX UL transmission, whether restriction on maximum number of orthogonal DMRS ports per UE in MU-MIMO is needed or not can be studied.
4  Conclusion

In this contribution, we share our views on increasing number of orthogonal DMRS ports. The proposals are summarised as follows:

Proposal 1: To support more orthogonal DMRS ports, both FDM-based and FD-OCC=4 enhancement can be considered, and how to accommodate OCC length with frequency density of DMRS should be studied.

Proposal 2: DMRS antenna ports indication for DL can be used as a starting point for UL DMRS antenna ports indication design.

Proposal 3: For 8 TX UL transmission, whether restriction on maximum number of orthogonal DMRS ports per UE in MU-MIMO is needed or not can be studied.
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