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1. INTRODUCTION
The Rel-18 MIMO WID [1] proposes several enhancements to DMRS for uplink and downlink transmission. 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.  

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. 
•	Option 1: Separate DMRS ports tables for rank 5,6,7,8 for each of eType1/eType2 and maxLength=1/2 (similar to the current UL DMRS ports table).
	FFS: whether/how to reuse the reserved field in antenna ports field for other purposes can be discussed in AI9.1.4.2 [or AI9.1.3.1].
For the antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 1 for PUSCH, following Table 7.3.1.1.2-8-X, Table 7.3.1.1.2-9-X, Table 7.3.1.1.2-10-X, and Table 7.3.1.1.2-11-X are supported.
	Option 2: Whether to increase the size of antenna ports field in DCI format 0_1/0_2 or not.

Table 7.3.1.1.2-8-X: Antenna port(s), transform precoder is disabled, dmrs-Type=eType1, maxLength=1, rank = 1
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	1
	0

	1
	1
	1

	2
	2
	0

	3
	2
	1

	4
	2
	2

	5
	2
	3

	6
	1
	8

	7
	1
	9

	8
	2
	8

	9
	2
	9

	10
	2
	10

	11
	2
	11

	12-15
	Reserved
	Reserved




Table 7.3.1.1.2-9-X: Antenna port(s), transform precoder is disabled, dmrs-Type= eType1, maxLength=1, rank = 2
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	1
	0,1

	1
	2
	0,1

	2
	2
	2,3

	3
	2
	0,2

	4
	1
	8,9

	5
	2
	8,9

	6
	2
	10,11

	[7]
	[2]
	[8,10]

	8-15
	Reserved
	Reserved



Table 7.3.1.1.2-10-X: Antenna port(s), transform precoder is disabled, dmrs-Type= eType1, maxLength=1, rank = 3
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	2
	0-2

	[1]
	[2]
	[8-10]

	2
	1
	0,1,8

	3
	2
	0,1,8

	4
	2
	2,3,10

	5-15
	Reserved
	Reserved


      
      Table 7.3.1.1.2-11-X: Antenna port(s), transform precoder is disabled, dmrs-Type= eType1, maxLength=1, rank = 4
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	2
	0-3

	[1]
	[2]
	[8-11]

	2
	1
	0,1,8,9

	3
	2
	0,1,8,9

	4
	2
	2,3,10,11

	5-15
	Reserved
	Reserved



· 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, 
· FFS: New antenna ports tables with new DMRS port combinations are used for rank = 5,6,7,8 in case of both single and double symbol(s).
· 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 do 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.



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.

In NR, UEs with different form factor (e.g., number of antenna panels) and complexity (e.g., antenna switching) are supported where such differences 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. In design of layer to port mapping, following considerations are required,
· Support of 1, 2, and 3 CDM group(s) for the case without data, 
· DMRS ports of a same UE are preferably in a same CDM group,
· [bookmark: _Hlk130217475]For partial coherent UE, one DMRS CDM group is mapped to the same antenna port group.

Partial coherent CDM group mapping
It has 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 an 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 strictly be mapped to only one antenna group to avoid performance degradation. Essentially, since coherency is maintained only within an antenna group for an 8TX UE, 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. 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

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. For example, for the case of an 8-layer PUSCH transmission, where the 8 ports are distributed across 2 antenna groups (Ng=2), PTRS to DMRS mapping can be performed as shown in Figure 2. 


[image: ]

Figure 2: PTRS to DMRS mapping

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 case, each CDM group should be mapped to only one antenna group.

Antenna port mapping
In the last RAN1 meeting, two options for antenna port mapping for PUSCH transmission with rank = 5,6,7,8 for both single-symbol/double-symbol DMRS were identified for down-selection. 
· Option 1: Separate DMRS ports tables for rank 5,6,7,8 for each of eType1/eType2 and maxLength=1/2 (similar to the current UL DMRS ports table).
· Option 2: Whether to increase the size of antenna ports field in DCI format 0_1/0_2 or not.

For rank>4 PUSCH transmission, an 8TX UE uses two codewords for uplink transmission. For transmission of two codewords in the uplink, RAN1 has agreed to use the same codeword to layer mapping as used in the downlink. Further, layer splitting for Ng=2 and Ng=4 is being discussed under agenda item 9.1.4.2. Therefore, we believe that introduction of new tables would be unavoidable; hence, we are inclined to support Option 1. Having said that, in our view, the design for the cases of partial- and non-coherent 8TX PUSCH tables cannot be done till the discussion related to layer splitting is concluded in 9.1.4.2.

Observation 2: For transmission of two codewords in the uplink, RAN1 has agreed to use the same codeword to layer mapping as used in the downlink. Further, layer splitting for Ng=2 and Ng=4 is being discussed under agenda item 9.1.4.2. 

Proposal 2: We are inclined to support Option 1, however the tables for the cases of partial- and non-coherent 8TX PUSCH cannot be done till the discussion related to layer splitting is concluded in 9.1.4.2.

3. PTRS-DMRS ASSOCIATION

	For full-coherent PUSCH with rank 5-8 with one port PTRS, support Alt.1 in the RAN1#111 agreement with the following update
Alt.1: The size of PTRS-DMRS association field is 2bit in DCI format 0_1/0_2.
The CW with the higher MCS is selected in case of two CWs. 
If the MCS is the same for two CWs, the PTRS port is associated with the first CW.

Table 7.3.1.1.2-25: 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 






 
Number of PTRS ports
In the last RAN1 meeting, it was agreed to support Alt.1 that requires 2 bits indication in the DCI. The bit-width of PTRS-DMRS association field is determined by the maximum bit-width among full/partial/and non-coherent PUSCH cases. In case of partial coherent PUSCH case, in Rel-18, it is agreed to support up to Ng=4 antenna port coherency groups for 8TX UL. Therefore, up to 4 PTRS ports should be supported. 
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 PTRS 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 (As shown in Figure 2 for Ng=2), especially considering that two PTRS ports are already supported as of Rel-17 NR. Further, for the case Ng=4, it is essential to increase the number of PTRS ports to 4.

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 according to the number of Ng. 

Association between Ng and PTRS ports
For nonCoherent, the number of PTRS ports ultimately depends on the antenna configuration at the UE which may be smaller than Ng. Each device may have different implementations on how many PAs and oscillators are used as a function of Ng. For example, a UE with multiple antenna panels may be designed with a single oscillator which is shared across antenna panels. In this case, there is a single source of phase noise and frequency offset. Thus, it is sufficient to transmit the PTRS using a single antenna port. In view of this, both Ng and UE capability play an import role to determine the number of PTRS ports. 
If 4 PTRS ports is supported at least for Ng=4, then further enhancements to the DMRS-PTRS association may be considered. For example, a UE should be able to request the required number PTRS ports according to its capability, e.g., implementation aspects related to oscillator phase and accuracy. Therefore, a UE could signal the required number of PTRS ports in addition to Ng as part of its capability information. 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 required number of PTRS ports according to its implementation as part of its capability. 

PTRS power boost  
     Table 6.2.3.1-3 in TS 38.214 describes PUSCH to PTRS power ratio per layer per RE. As such in Rel-15, the power of a PTRS tone can be boosted by borrowing power from the muted REs of other PUSCH layers on the same tone. This power boost varies according to UE coherency level. However, this table requires to be updated according to the ongoing enhancements for 8TX PUSCH in Rel-18. 

[image: Table
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Observation 5: For PUSCH transmission with rank 5-8 in Rel-18, the PTRS power boost can be applied.

Proposal 5: Study PTRS power boosting for PUSCH transmission by 8TX UE.
	
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: For transmission of two codewords in the uplink, RAN1 has agreed to use the same codeword to layer mapping as used in the downlink. Further, layer splitting for Ng=2 and Ng=4 is being discussed under agenda item 9.1.4.2. 

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.

Observation 5: For PUSCH transmission with rank 5-8 in Rel-18, the PTRS power boost can be applied.

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

Proposal 2: We are inclined to support Option 1, however the tables  for the cases of partial- and non-coherent 8TX PUSCH cannot be done till the discussion related to layer splitting is concluded in 9.1.4.2.

Proposal 3: For 8TX UE, extend the number of supported PTRS ports according to the number of Ng.

Proposal 4: UE indicates the required number of PTRS ports according to its implementation as part of its capability. 

Proposal 5: Study PTRS power boosting for PUSCH transmission by 8TX UE.
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Table 6.2.3.1-3: Factor related to PUSCH to PT-RS power ratio per layer per RE « 25

The number of PUSCH layers ( VI,I;Z“?,CH)
UL- 1 2 B 4
PTRS- ||| Full Partial and Ful Partial and Full Partial Non-
power/ | cases | coherent non- coherent non- coherent | coherent | coherent
(@GP coherent coherent and and non-
P and non- non- codebook
codebook codebook based
based based
00 0 3 3Q-3 4.77 3Qp-3 6 3Qp 3Qp-3
01 0 3 3 4.77 477 6 6 6
10 Reserved
11 Reserved
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