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Introduction
In this contribution, we share our views on the issues for DMRS enhancements. In section 2.1 we consider orthogonal and quasi-orthogonal DMRS ports to support more number of MU-MIMO UEs, and in section 2.2 we discuss the potential DMRS enhancement when more than four layers per UE are supported for 8Tx UL transmission.
Discussion
DMRS enhancement for MU-MIMO

In Rel-18 MIMO WID [1], the following objective 3 is to study increasing the number of orthogonal DMRS ports 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




Legacy DMRS can be configured with one of two types. The type 1 supports up to 4 ports for single-symbol DMRS (by using length 2 F-CDM and FDM) and 8 ports for double-symbol DMRS (by using length 2 F/T-CDM and FDM). The type 2 supports up to 6 ports for single-symbol DMRS (by using length 2 F-CDM and 3 FDM) and 12 ports for double-symbol DMRS (by using length 2 F/T-CDM and 3 FDM). In addition, in the legacy configurations, the quasi orthogonal ports with different scrambling ID can be used for more MU UEs than the number of orthogonal DMRS ports.

Since the number of MU-MIMO UEs can be larger than 12 by using legacy quasi-orthogonal DMRS ports, in our view, it is worth first studying how much performance degradation occurs when using quasi-orthogonal ports without increasing the orthogonal DMRS ports. Depending on the results of the study, if the performance degradation is not severe, enhancement to increase the orthogonal DMRS port may not be necessary. Especially for FR 2 with fine beam separation and LOS dominant channel, interference between quasi-orthogonal ports can be reduced by beam separation through sharp beam in FR2. Also, in an LOS environment, the multipath effect is minor, so interference between MU UEs can be naturally mitigated.

Proposal #1: Study the performance comparison of MU interference between legacy quasi orthogonal DMRS ports and new orthogonal DMRS ports when more than 8/12 MU-MIMO UE are supported. 

If the number of orthogonal ports needs to be increased, TD-OCC, FD-OCC, FDM or TDM can provide additional orthogonal multiplexing domain. Each multiplexing method has its advantages and disadvantages.

· More FD-OCC: FD-OCC is vulnerable to frequency selectivity because the same channel should be maintained between subcarriers on which OCC is applied. In FR2, the effect of frequency selectivity may be small due to LOS domain channel but, in FR1, we should take this effect into account more carefully if FD-OCC length increases. Also, if more FD-OCC is applied, it limits multiplexing legacy UE and Rel-18 UE in the same CDM group because some of length 4 OCC and length 2 OCC cannot be orthogonal each other.

· More FDM: It is vulnerable to frequency selectivity because frequency density of each DMRS port decreases if more CDM groups are introduced for FDM. In FR2, the effect of frequency selectivity may be small due to LOS domain channel but, in FR1, we should take this effect into account more carefully.  Also, DMRS power boosting issue (i.e. DMRS to PDSCH RE power ratio) should be considered since DMRS RE density in an OFDM symbol is reduced. Depending on how to design the new CDM groups, it has potential impact on multiplexing legacy UE and Rel-18 UE.

· More TD-OCC: TD-OCC is vulnerable to time varying channel because the same channel should be maintained between symbols on which OCC is applied. MU-MIMO mainly targets low mobility UEs since inter-layer interference due to inaccurate CSI in time varying channel harms MU-MIMO performance. However, the performance of TD-OCC will be more sensitive to channel variation between consecutive symbols even for low mobility UE so we should carefully take this effect into account, if TD-OCC length increases. Also, if more TD-OCC is applied, it limits multiplexing legacy UE and Rel-18 UE in the same CDM group because some of length 4 OCC and length 2 OCC cannot be orthogonal each other.

· TDM: Unlike TD/FD-OCC or FDM extension, using TDM to increase orthogonal DMRS ports is not straight forward since TDM is not used to generate orthogonal DMRS ports in legacy so we first explain how TDM can be considered as follow with an example.

When 4 DMRS (1 FL DMRS & 3 additional DMRS) symbols are symbol 2,5,8,11 as shown in figure 1, For TDM, UE 1 interprets symbol 2 = FL DMRS, symbol 5 = no DMRS, symbol 8=additional DMRS, symbol 11 = no DMRS, and UE 2 interprets symbol 2 = no DMRS, symbol 5= FL DMRS, symbol 8=no DMRS, symbol 11 = additional DMRS. In this way, legacy DMRS symbols can be divided into two TDM groups so that the number of orthogonal ports is doubled.
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Figure 1. Increasing orthogonal DMRS ports with TDM for DMRS configuration Type 1

This approach can be vulnerable to time varying channel because DMRS are muted in some of legacy DMRS symbols as we described in Figure 1. However MU-MIMO mainly targets low velocity UEs so that they do not likely require additional symbols within one slot. Therefore, reusing additional DMRS configuration to multiplex additional orthogonal DMRS ports in TDM manner can be considered. 

Proposal #2: If performance degradation of legacy quasi-orthogonal DMRS ports is proven to be severe for more than 8/12 MU-MIMO, study the advantages and disadvantages of the four approaches: TD-OCC, FD-OCC, FDM and TDM

8Tx UL DMRS
In Rel-18 MIMO WID [1], the following objective 5 is to study UL DMRS enhancement to support 4 and more layers per UE.

	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 legacy NR system, the maximum number of supported Tx ports for uplink transmission is 4. In order to obtain more coverage and higher throughput, 8Tx UL transmission can be considered in Rel-18. With 8Tx antenna ports, there is a room to increase more than 4 layers for PUSCH transmission. In our view, supporting up to 8 layers is preferable to increase system throughput performance. When increasing from max rank 4 to max rank 8, it is necessary to discuss whether the number of codewords keep the same as legacy or increase up to 2 as DL. Regarding this issue, our view is to simply follow the DL principle, i.e., the layer split for > 4 layer transmission can be first ⌊L⁄2⌋ layers map to codeword 0 and remaining layers map to codeword 1 [2].

Proposal #3: Support up to 8 layers for 8Tx UL transmission in Rel-18 MIMO, and adopt the codeword-to-layer mapping used in DL transmission for >4 layer transmission.

In addition, it is necessary to discuss how to indicate the UL DMRS ports for more than 4 layers. Regarding this issue, our view is to simply reuse or select a subset of the DMRS port indication given by DMRS tables for DL transmission.
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Proposal #4: For rank 5 to 8, reuse the same or a subset of DMRS port indication used in DL transmission.

In legacy system, up to 2 UL PT-RSs can be supported considering partial/non-coherent 4 ports. Meanwhile, for 8 Tx antenna ports, there can be no coherence at all among 8 antenna ports or 4 pairs of coherent antenna ports can be considered depending on antenna implementation. In this case, 2 PT-RS ports may not be sufficient for phase noise estimation from more than two phase noise sources. Therefore, increasing the maximum number of PT-RS ports can be considered.

Proposal #5: For the non/partial coherence 8Tx antenna ports, consider increasing the maximum number of PT-RS ports.
[bookmark: 164][bookmark: 165]
Conclusion
In this contribution, we share our views on the objective for Rel-18 on DMRS, and propose the followings based on the discussion.

DMRS enhancement for MU-MIMO:

Proposal #1: Study the performance comparison of MU interference between legacy quasi orthogonal DMRS ports and new orthogonal DMRS ports when more than 8/12 MU-MIMO UE are supported. 

Proposal #2: If performance degradation of legacy quasi-orthogonal DMRS ports is proven to be severe for more than 8/12 MU-MIMO, study the advantages and disadvantages of the four approaches: TD-OCC, FD-OCC, FDM and TDM


8Tx UL DMRS:

Proposal #3: Support up to 8 layers for 8Tx UL transmission in Rel-18 MIMO, and adopt the codeword-to-layer mapping used in DL transmission for >4 layer transmission.

Proposal #4: For rank 5 to 8, reuse the same or a subset of DMRS port indication used in DL transmission.

[bookmark: _GoBack]Proposal #5: For the non/partial coherence 8Tx antenna ports, consider increasing the maximum number of PT-RS ports.
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