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1. INTRODUCTION
The Rel-18 MIMO WID [1] proposes several enhancements to DMRS. The WID scope includes the following objectives on DMRS enhancements:

	Objective 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

Objective 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 the remaining issues for DMRS enhancement in uplink.  

2. MAPPING ANTENNA GROUPS TO CDM GROUPS
	For > 4 layers PUSCH, support new antenna ports tables for rank = 5,6,7,8 for both single-symbol/double-symbol DMRS. 
· For Type 1/Type 2 Rel.15 DMRS ports, new antenna ports tables are the following: 
· The same DMRS port combination(s) as that for rank = 5,6,7,8 for PDSCH is reused at least for full or non-coherent UL codebook.
· For Rel.18 eType1/eType2 DMRS ports, 
· New antenna ports tables with new DMRS port combinations are used for rank = 5,6,7,8 (FFS: details). 
· Note: Whether the DMRS port combination allows to use single symbol DMRS for rank = 5,6,7,8 should be checked. 
· FFS: For partial coherent UL codebook, support layers to DMRS port mapping that layers associated to the same antenna port group are multiplexed into the same DMRS CDM group.
· FFS: One or more than one DMRS port combination(s) for each rank and TPMI
· Note: New DMRS port combinations above does not preclude the new antenna ports tables including the current DMRS port combination(s) for PDSCH for rank = 5,6,7,8 in Rel.15-17. 
· FFS: Whether the antenna ports combinations for rank = 5,6,7,8 can be indicated by the reserved entries of existing antenna ports tables for rank =1,2,3,4, if the rank is indicated together with DMRS antenna ports.



partialCoherent CDM group mapping
For DMRS port mapping, up to N antenna ports are mapped to a CDM group of length N which multiplexes the DMRS ports in the code domain using an OCC pattern of length N. If the number of antenna ports is larger than N, then a second CDM group is required. The time/frequency resources of one CDM group do not overlap with the time/frequency resources of a second CDM group.

InNR, UEs with different form factor (e.g., number of antenna panels) and complexity (e.g., antenna switching) are supported where such difference are indicated through UE capability reporting. In the case of a noncoherent UE,  the UE can transmit on a single antenna port at a time. However, in the case of a partialCoherent UE, the UE can jointly transmit on a subset of antenna ports. In contrast to the first two cases, a fullCoherent UE  can jointly transmit on all antenna ports.
 
For the PUSCH DMRS, the layer to port mapping for the case of more than 4 layers has been under discussion. The mapping rule of layers to antenna ports in the “partial coherent” case is still FFS. In Rel-18, it is agreed that new antenna port tables for ranks greater than 4 are defined for eType1 and eType2 DMRS configurations. It has also been agreed (under the AI 9.1.4.2 in RAN1 meeting #110) to support antenna port groups with Ng=1,2, or 4 coherency groups:

	For a 8TX PUSCH, at least support 
· Ng=1, 2, 4
Note: The above does not restrict the Ng for the non-coherent case



In our view, for the partialCoherent case, each CDM group should be mapped to only one antenna group. This is important, as otherwise there will be some impact on performance. Essentially, due to the fact that for an 8TX UE, coherency is maintained only within an antenna group, the DMRS ports of the same CDM group should not be mapped on different antenna groups. If DMRS ports of the same CDM group are mapped across different antenna groups, the coherency condition between different DMRS ports would be broken and a notable performance degradation in channel estimation, and ultimately in demodulation performance can be expected. 
Further, such mapping procedure can also simplify PTRS to DMRS mapping, since PTRS can follow the antenna group mapping per CDM group and reduce DCI overhead for the PTRS port indication since the mapping options are restricted.
 
Figure 1 illustrates the mapping, where CDM group 1 is mapped to the 1st antenna group, and CDM group 2 is mapped to the 2nd antenna group. In this example, UE reports information about its coherence capability and antenna layout (e.g., the number of coherent antenna groups Ng, and number of antennas per group). Then, based on Ng=2 and 4 ports per antenna group, the UE receives a grant that includes the information about the DMRS ports. The UE determines the CDM groups and maps the DMRS ports per CDM group to each antenna port group . 



Figure 1 Mapping between antenna port and CDM groups

Observation 1:  If DMRS ports of the same CDM group are mapped across different antenna groups, the coherency condition between different DMRS ports would be broken and a notable performance degradation in channel estimation, and ultimately in demodulation performance can be expected. . 

Proposal 1: For the partialCoherent UE, each CDM group should be mapped to only one antenna group. 	


3. PTRS-DMRS ASSOCIATION

	For full-coherent PUSCH with rank 5-8, UE shall expect only one port PTRS to be configured.
Down select from the following in RAN1#112:
· Alt.1: the size of PTRS-DMRS association field is 2bit in DCI format 0_1/0_2.
· FFS: Association with the CW with the higher MCS.
Table 7.3.1.1.2-25B: PTRS-DMRS association for UL PTRS port 0
	Value
	DMRS port

	0
	1st scheduled DMRS port with the CW with the higher MCS

	1
	2nd scheduled DMRS port the CW with the higher MCS

	2
	3rd scheduled DMRS port the CW with the higher MCS

	3
	4th scheduled DMRS port the CW with the higher MCS


· Alt.2: The size of PTRS-DMRS association field is 3bit in DCI format 0_1/0_2, and the following PTRS-DMRS association for UL PTRS port 0 is specified in TS38.212.
Table 7.3.1.1.2-25B: PTRS-DMRS association for UL PTRS port 0
	Value
	DMRS port

	0
	1st scheduled DMRS port

	1
	2nd scheduled DMRS port

	2
	3rd scheduled DMRS port

	3
	4th scheduled DMRS port

	4
	5th scheduled DMRS port

	5
	6th scheduled DMRS port

	6
	7th scheduled DMRS port

	7
	8th scheduled DMRS port






DMRS-PTRS Association
There are two alternatives discussed for the DMRS-PTRS association for the case of a single configured PTRS port. In Alt1, the PTRS-DMRS association is restricted to the four DMRS port of the strongest CW which maintains the DCI overhead to 2 bits as in previous releases. In Alt.2, a PTRS port is explicitly associated to any of the DMRS ports. We prefer the added flexibility of indicating the PTRS port to any scheduled DMRS port given that 8TX and up to 8 layer transmission is supported in Rel-18.  

Observation 2: With full coherence, any of the 8 DMRS ports can be associated to the PTRS. 

Proposal 2: Support Alt. 2.
 

Number of PTRS ports
In Rel-18, it is agreed to support up to Ng=4 antenna port coherency groups for 8TX UL. The Ng does not directly represent a panel but only a group of antennas that assumed coherent. In Rel-18, RAN1 has agreed to only support a single DMRS port which may be sufficient for most use cases of 8TX UE, such as CPE and FWA. However, as part of 8TX use cases, NR Rel-18 WID also includes vehicle and industrial devices where antenna panels may be installed on opposite sides of the installation point.  Therefore, it is reasonable to extend the number of the supported PTRS ports to at least two, especially considering that two PTRS ports are already supported as of Rel-17 NR. 

Observation 3: As part of 8TX use cases, NR Rel-18 WID also includes vehicle and industrial devices where antenna panels may be installed on opposite sides of an installation point.

Proposal 3: For 8TX UE, extend the number of the supported PTRS ports to at least two. 

Association between Ng and PTRS ports
For nonCoherent, the number of PTRS ports ultimately depends on the antenna configuration at the UE. Each device may have different implementations on how many PAs and oscillators are used as a function of Ng. If Ng=4 is agreed with 4 PTRS ports, then further enhancements to the DMRS-PTRS association are needed. A UE should be able to request only as many PTRS ports as needed. It is therefore proposed that the UE signals the number of PTRS ports in addition to Ng as part of its capability. For the DMRS PTRS association, some additional enhancements may be further studied to enable a more configurable mapping that can be determined as a function of the UE’s reported pair of Ng and number of PTRS ports. 

Observation 4: For the same Ng, different UEs require different number of PTRS ports as a function of UE capability.

Proposal 4: UE indicates the number of PTRS ports associated to Ng as part of its capability. 


4. CONCLUSIONS
In this contribution we provided our perspective on the UL Rel-18 DMRS design. Based on the presented discussion, we make the following observations and proposals:

Observation 1:  If DMRS ports of the same CDM group are mapped across different antenna groups, the coherency condition between different DMRS ports would be broken and a notable performance degradation in channel estimation, and ultimately in demodulation performance can be expected. 

Observation 2: With full coherence, any of the 8 DMRS ports can be associated to the PTRS. 

Observation 3: As part of 8TX use cases, NR Rel-18 WID also includes vehicle and industrial devices where antenna panels may be installed on opposite sides of an installation point.

Observation 4: For the same Ng, different UEs require different number of PTRS ports as a function of UE capability.


Proposal 1: For the partialCoherent UE, each CDM group should be mapped to only one antenna group.	

Proposal 2: Support Alt. 2. 

Proposal 3: For 8TX UE, extend the number of the supported PTRS ports to at least two. 

Proposal 4: UE indicates the number of PTRS ports associated to Ng as part of its capability. 
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