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1	Introduction
During RAN1 #111 meeting, following agreements were made for DMRS enhancements:
Agreement
For FD-OCC length 4 for PDSCH/PUSCH, select the following:
· Opt.1-1 (Walsh matrix) for PDSCH
· Opt.1-2 (Cyclic shift) for PUSCH

Agreement
· For the antenna ports indication in Rel.18 eType1/eType2 DMRS ports with maxLength = 1/2 for PDSCH, all of the following port combinations can be indicated:
· Cat. 1) Legacy port indexes (eType 1: p=0~7, eType 2: p=0~11)
· Cat. 2) New port indexes (eType 1: p=8~15, eType 2: p=12~23)
· Cat. 3) Legacy port indexes and New port indexes at least within a CDM group at least for maxLength=1 (eType 1: up to 4 ports from {0, 1, 8, 9} and/or up to 4 ports from {2, 3, 10, 11}, eType 2: up to 4 ports from {0, 1, 12, 13} and/or up to 4 ports from {2, 3, 14, 15} and/or up to 4 ports from {4, 5, 16, 17}) at least for S-TRP case,
· For up to 4 ranks, only one CDM group is used per UE. For larger than 4 ranks, more than one CDM groups can be used per UE.
· FFS: Whether to increase the size of antenna ports field in DCI format 1_1/1_2, or introduce new DCI field for antenna ports indication, or not.
· FFS: Whether the new antenna port(s) table is specified or not.
· FFS: MU restrictions for certain entries. e.g., DMRS ports = {0,2}, or {8,10}, etc.
· FFS: Cat.3 for M-TRP case.
· Note: DMRS port index for PDSCH is determined by p +1000

Agreement
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.

Agreement
For length 2 TD-OCC (across consecutive DMRS symbols, if any) for DMRS of PDSCH/PUSCH for Rel.18 eType 1/2 DMRS, support
	TD-OCC index
	Wt(0)
	Wt(1)

	0
	+1
	+1

	1
	+1
	-1



Agreement
· 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



Agreement
For the antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 1 for PDSCH, at least for S-TRP case, support the following rows of DMRS port combinations and Number of DMRS CDM group(s) without data.
· FFS: Antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 1 for PDSCH for M-TRP case.
Table 7.3.1.2.2-1-X: Antenna port(s) (1000 + DMRS port), dmrs-Type=eType1, maxLength=1
	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Notes
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Notes

	0
	[1]
	[0]
	Cat. 1
	[0]
	[2]
	[0,1,2,3,8]
	[Rank 5-8 with one DMRS symbol]

	1
	[1]
	[1]
	
	[1]
	[2]
	[0,1,2,3,8,10]
	

	2
	[1]
	[0,1]
	
	[2]
	[2]
	[0,1,2,3,8,9,10]
	

	3
	2
	0
	
	[3]
	[2]
	[0,1,2,3,8,9,10,11]
	

	4
	2
	1
	
	
	
	
	

	5
	2
	2
	
	
	
	
	

	6
	2
	3
	
	
	
	
	

	7
	2
	0,1
	
	
	
	
	

	8
	2
	2,3
	
	
	
	
	

	9
	[2]
	[0-2]
	
	
	
	
	

	10
	[2]
	[0-3]
	
	
	
	
	

	11
	[2]
	[0,2]
	
	
	
	
	

	12
	[1]
	[8]
	Cat.2
	
	
	
	

	13
	[1]
	[9]
	
	
	
	
	

	14
	[1]
	[8,9]
	
	
	
	
	

	15
	2
	8
	
	
	
	
	

	16
	2
	9
	
	
	
	
	

	17
	2
	10
	
	
	
	
	

	18
	2
	11
	
	
	
	
	

	19
	2
	8,9
	
	
	
	
	

	20
	2
	10,11
	
	
	
	
	

	21
	[2]
	[8-10]
	
	
	
	
	

	22
	[2]
	[8-11]
	
	
	
	
	

	23
	[2]
	[8, 10],
[9, 11]
	
	
	
	
	

	24
	[1]
	[0,1,8]
	Cat.3
	
	
	
	

	25
	[1]
	[0,1,8,9]
	
	
	
	
	

	26
	2
	0,1,8
	
	
	
	
	

	27
	2
	0,1,8,9
	
	
	
	
	

	28
	2
	2,3,10
	
	
	
	
	

	29
	2
	2,3,10,11
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	




In this contribution we provide our view on selection of port combinations for PDSCH and PUSCH antenna port tables.  On performance degradation observed with eType DMRS under large delay spread, there are two approaches to mitigated the issue, one is to support FD-OCC combined with TD-OCC on additional DMRS symbol (FAT-OCC) , the other is support dynamic switching between legacy and enhanced DMRS type. Note that we’ve provided most of the evaluation results [1].  

[bookmark: _Ref178064866]2	Discussion

2.1 Antenna port table design for PDSCH and PUSCH
The new antenna port table design is dependent on whether dynamic switching is supported as a basic capability. In our understanding dynamic switching between eType DMRS and Rel-15 DMRS can be a very beneficial UE capability, however not all the UEs are capable to implement it. In the following discussion we focus on a general antenna port table design for all eType DMRS capable UEs with or without dynamic switching capability. 

Agreement
For the antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 1 for PDSCH, at least for S-TRP case, support the following rows of DMRS port combinations and Number of DMRS CDM group(s) without data.
· FFS: Antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 1 for PDSCH for M-TRP case.
Table 7.3.1.2.2-1-X: Antenna port(s) (1000 + DMRS port), dmrs-Type=eType1, maxLength=1
	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Notes
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Notes

	0
	[1]
	[0]
	Cat. 1
	[0]
	[2]
	[0,1,2,3,8]
	[Rank 5-8 with one DMRS symbol]

	1
	[1]
	[1]
	
	[1]
	[2]
	[0,1,2,3,8,10]
	

	2
	[1]
	[0,1]
	
	[2]
	[2]
	[0,1,2,3,8,9,10]
	

	3
	2
	0
	
	[3]
	[2]
	[0,1,2,3,8,9,10,11]
	

	4
	2
	1
	
	
	
	
	

	5
	2
	2
	
	
	
	
	

	6
	2
	3
	
	
	
	
	

	7
	2
	0,1
	
	
	
	
	

	8
	2
	2,3
	
	
	
	
	

	9
	[2]
	[0-2]
	
	
	
	
	

	10
	[2]
	[0-3]
	
	
	
	
	

	11
	[2]
	[0,2]
	
	
	
	
	

	12
	[1]
	[8]
	Cat.2
	
	
	
	

	13
	[1]
	[9]
	
	
	
	
	

	14
	[1]
	[8,9]
	
	
	
	
	

	15
	2
	8
	
	
	
	
	

	16
	2
	9
	
	
	
	
	

	17
	2
	10
	
	
	
	
	

	18
	2
	11
	
	
	
	
	

	19
	2
	8,9
	
	
	
	
	

	20
	2
	10,11
	
	
	
	
	

	21
	[2]
	[8-10]
	
	
	
	
	

	22
	[2]
	[8-11]
	
	
	
	
	

	23
	[2]
	[8, 10],
[9, 11]
	
	
	
	
	

	24
	[1]
	[0,1,8]
	Cat.3
	
	
	
	

	25
	[1]
	[0,1,8,9]
	
	
	
	
	

	26
	2
	0,1,8
	
	
	
	
	

	27
	2
	0,1,8,9
	
	
	
	
	

	28
	2
	2,3,10
	
	
	
	
	

	29
	2
	2,3,10,11
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	



Firstly, entries with “CDM without data equal to 1” shall be included to improve the spectrum efficiency when there’s few UEs in the network. In addition to entries using legacy ports (indices 0-2), new ports shall also be included (indices 12-14 and 24,25). Supporting for these antenna port combinations would maximize the spectrum efficiency for both MU-MIMO and SU-MIMO scenarios.

[bookmark: _Toc127288412][bookmark: _Toc127546000]Include antenna port combinations with “number of DMRS CDM group(s) without data equal to 1” to the new antenna port table, e.g. indices 0-2, 12-14 and 24,25 from the table.

Secondly, one of the most important use-cases for extending the number of DMRS ports is to allow co-scheduling of more UEs for MU-MIMO. For MU-MIMO, as a minimum, one-layer and two-layer transmission should be supported. Thus, port combinations allowing for MU-MIMO co-scheduling all combinations of one-layer and two-layer UEs, utilizing all the available ports should be supported. Since, these ports are to be used for MU-MIMO, there should be no scheduling restrictions associated to these port combinations. The principle is thus: Support a set of one-port and two-port port combinations that allow co-scheduling of any combination of multiple UEs scheduled with one or two layers, filling up all available DMRS ports. Meaning entries 3-8 (already agreed to include), 11, 15-20, 23 (both combinations) shall be included. Since the use-case is MU-MIMO no scheduling restrictions should be associated to these port combinations. 
[bookmark: _Toc127288413][bookmark: _Toc127546001]Include antenna port combinations enable 1-layer and 2-layer transmission without assuming scheduling restrictions, e.g entries 3-8, 11, 15-20, 23 (both combinations).

Another principle is to prioritize port-combinations that are compatible with legacy ports. Take type 1 DMRS for example, the ports 0 to 7 for eType1 and Type1 are the same. In order to facilitate co-scheduling legacy UEs with Rel-18 UEs, it is beneficial if the Rel-18 DMRS antenna port tables includes rows that are not using the legacy DMRS ports. 
[bookmark: _Toc127288414][bookmark: _Toc127546002]Include antenna ports combinations that are compatible with legacy ports to facilitate co-scheduling legacy UEs with Rel-18 UEs, e.g. entries 21,22.
Super orthogonal ports combinations shall be included to improve the robustness at high delay spread. To achieve super-orthogonality for port combinations with more than two ports, it’s therefore necessary to utilize more than one CDM group. In the table below, two examples for DMRS Type 1, with single DMRS symbol and for rank 4 are given, where each row indicates DMRS ports that are mutually super orthogonal to each other in respective CDM group. For PDSCH the UE may assume that no other UE has been co-scheduled within the same CDM group.
[bookmark: _Toc127288415][bookmark: _Toc127546003]Include antenna port combinations that are super orthogonal to improve the robustness at high delay spread, e.g. entries 10, 22.
Combinations using as few CDM groups as possible for higher rank shall also be included such that DMRS can be power boosted which can achieve better performance. In the table below, two examples for DMRS Type 1, with single DMRS symbol and for rank 4 are given, where each row indicates DMRS ports that are allocated to the same CDM group.
[bookmark: _Toc127288416][bookmark: _Toc127546004]Include antenna ports combinations using as few CDM groups as possible for higher ranks, e.g. entries 23-29.
Combinations using antenna ports from different CDM groups shall be included in the new table design in order to support NC-JT or C-JT for downlink and STxMP for uplink. The Rel-18 DMRS scope shall be broad to support NC-JT, C-JT and STxMP scenarios using legacy port in one CDM group and new port in a different CDM group. One example for STxMP is to include {8,9,2,3} in the PUSCH antenna port table.
[bookmark: _Toc127546005]Include antenna port combinations for C-JT, NC-JT and STxMP in the new antenna port table design, e.g {0,1,2,8,9} for PDSCH and {8,9,2,3} for PUSCH.

Considering these design principles and different application scenarios, our proposal for the eType1 tables is as below:

[bookmark: _Toc127546006]eType1 PDSCH and PUSCH tables with maxLength=1:

Table 7.3.1.2.2-1-X: Antenna port(s) (1000 + DMRS port), dmrs-Type=eType1, maxLength=1
	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Notes
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Notes

	0
	[1]
	[0]
	Cat. 1
	[0]
	[2]
	[0,1,2,3,8]
	[Rank 5-8 with one DMRS symbol]

	1
	[1]
	[1]
	
	[1]
	[2]
	[0,1,2,3,8,10]
	

	2
	[1]
	[0,1]
	
	[2]
	[2]
	[0,1,2,3,8,9,10]
	

	3
	2
	0
	
	[3]
	[2]
	[0,1,2,3,8,9,10,11]
	

	4
	2
	1
	
	
	2
	[0,1,2,8,9]
	

	5
	2
	2
	
	
	
	
	

	6
	2
	3
	
	
	
	
	

	7
	2
	0,1
	
	
	
	
	

	8
	2
	2,3
	
	
	
	
	

	9
	[2]
	[0-2]
	
	
	
	
	

	10
	[2]
	[0-3]
	
	
	
	
	

	11
	[2]
	[0,2]
	
	
	
	
	

	12
	[1]
	[8]
	Cat.2
	
	
	
	

	13
	[1]
	[9]
	
	
	
	
	

	14
	[1]
	[8,9]
	
	
	
	
	

	15
	2
	8
	
	
	
	
	

	16
	2
	9
	
	
	
	
	

	17
	2
	10
	
	
	
	
	

	18
	2
	11
	
	
	
	
	

	19
	2
	8,9
	
	
	
	
	

	
	2
	[9, 11]
	
	
	
	
	

	20
	2
	10,11
	
	
	
	
	

	21
	[2]
	[8-10]
	
	
	
	
	

	22
	[2]
	[8-11]
	
	
	
	
	

	
	2
	8,10,11
	
	
	
	
	

	23
	[2]
	[8, 10],
	
	
	
	
	

	24
	[1]
	[0,1,8]
	Cat.3
	
	
	
	

	25
	[1]
	[0,1,8,9]
	
	
	
	
	

	26
	2
	0,1,8
	
	
	
	
	

	27
	2
	0,1,8,9
	
	
	
	
	

	28
	2
	2,3,10
	
	
	
	
	

	29
	2
	2,3,10,11
	
	
	
	
	

	30
	
	0,10
	Cat.4
	
	
	
	

	
	
	0,1,10
	
	
	
	
	

	
	
	0,2,3
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	



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
	1
	8

	3
	1
	9

	4
	2
	0

	5
	2
	1

	6
	2
	2

	7
	2
	3

	8
	2
	8

	9
	2
	9

	10
	2
	10

	11
	2
	11

	12-15
	Reserved
	



 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
	2
	9,11

	9
	2
	1,3

	10-15
	Reserved
	Reserved



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

	0
	2
	0-2

	1
	1
	0,1,8

	2
	2
	1,8,9

	3
	2
	3,10,11

	4
	2
	3,8,9

	5
	2
	8,9,10

	6-7
	Reserved
	Reserved



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

	0
	2
	0-3

	1
	1
	0,1,8,9

	2
	2
	2,3,10,11

	3
	2
	8-11

	4-7
	Reserved
	Reserved




The antenna port table shall be designed with port combinations to serve all different scenarios. Different sets of ports combinations are needed for different scenarios and different mode of operations, which means that the total number of port combinations to cover all scenarios and mode of operations easily could become very large. However, for each given scenario and mode of operation, only a limited sets of ports combinations will be needed, which means that large part of the port combinations that is included in the antenna port table is obsolete. Since the DCI field size of “antenna ports” for DCI 1_1 is decided by the total rows of the antenna port table, the DCI overhead will then be unnecessary large. 
To mitigate this overhead issue, it would be beneficial to decouple the length of DCI field size of “antenna port” and the total number of rows in antennal port table. With the extended number of DMRS ports in Rel-18, an improvement to associate the actual needed antenna port indexes with the configured DMRS configuration should be considered. One example is to configure a subset of antenna port table in the RRC and associate the “antenna port” DCI indication only to this subset of indexes in the antenna port table, using RRC configuration to reduce the DCI overhead and the total number of port combination UE need to buffer.
[bookmark: _Toc127288417][bookmark: _Toc127546007]For Rel-18 DCI indication on antenna port table index, support RRC configuration to select the actual needed indexes from the defined antenna port table.

2.2 Ensure eType DMRS performance 

The network traffic load varies from slot to slot. The bursting traffic pattern means in some slots MU-MIMO scheduling is needed, and the next slots only SU-MIMO is needed. It is acknowledged by many companies and also showed in simulations that the SU-MIMO performance with legacy DMRS outperforms the eType DMRS [1][2]. To mitigate the performance issue, we can consider 3 alternative options, as described in more details in coming sections. 
1. Introducing TD-OCC over additional DMRS symbol for eType DMRS.
2. Dynamic switching between legacy DMRS type and eType.
3. Dynamic indication on co-scheduled UE(s) 


2.2.1 FD-OCC combined with TD-OCC over additional DMRS symbols (FAT-OCC)


The agreement to use FD-OCC can very easily be combined with TD-OCC over additional DMRS symbols. As shown below this gives significant performance improvements for large delay spread.
[image: ]
 Since the receiver always has the option to only use FD-OCC to separate ports there would not be any increase in complexity. It would only open up for voluntary implementation-based receiver optimizations. We therefore propose to support FD-OCC combined with TD-OCC over additional DMRS symbols.
[bookmark: _Toc127288418][bookmark: _Toc127546008]Support FD-OCC combined with TD-OCC over additional DMRS symbols
The intention here is not to increase the number of ports but only to give the receiver flexibility as whether to use length 4 FD-OCC or length-2 TD-OCC over additional DMRS symbols to separate the new ports. Each FD-OCC vector is always combined with the same TD-OCC vector. Thus, the agreed tables are very easily extended to cover FD-OCC combined with TD-OCC over additional DMRS symbols as shown below
· Opt.1-1: Walsh matrix (Hadamard code): 
	Combined FD-OCC and ATD-OCC index 
	wf(0) 
	wf(1) 
	wf(2) 
	wf(3) 
	wat(0) 
	wat(1) 
	wat(2) 
	wat(3) 

	0 
	+1 
	+1 
	+1 
	+1 
	1
	1
	1
	1

	1 
	+1 
	-1 
	+1 
	-1 
	1
	1
	1
	1

	2 
	+1 
	+1 
	-1 
	-1 
	1
	-1
	1
	-1

	3 
	+1 
	-1 
	-1 
	+1 
	1
	-1
	1
	-1


· Opt.1-2: Cyclic shift with {0, π, π/2, 3π/2}: 
	Combined FD-OCC and ATD-OCC index 
	wf(0) 
	wf(1) 
	wf(2) 
	wf(3) 
	wat(0) 
	wat(1) 
	wat(2) 
	wat(3) 

	0 
	+1 
	+1 
	+1 
	+1 
	1
	1
	1
	1

	1 
	+1 
	-1 
	+1 
	-1 
	1
	1
	1
	1

	2 
	+1 
	+j 
	-1 
	-j 
	1
	-1
	1
	-1

	3 
	+1 
	-j 
	-1 
	+j 
	1
	-1
	1
	-1



[bookmark: _Toc127288419][bookmark: _Toc127546009]Augment the table of FD-OCC weights  for each FD-OCC index with ATD-OCC weights  reusing the same FD-OCC indices also as ATD-OCC indices. 
The ATD-OCC weight  is applied as an additional multiplicative factor when mapping the QPSK sequence r to resource elements , i.e.






Here,  is simply an index over the additional DMRS symbols, starting at zero for the frontloaded symbol(s) and going up to a maximum of three (for three additional DMRS symbols). Formally   can be extracted based on the vector element number of the vector  containing the symbol positions of the DMRS symbols. The ATD-OCC weight  can at most change the sign of FD-OCC vectors. This doesn’t impact the orthogonality property of the FD-OCC vectors. The UE can therefore use length-4 FD-OCC to separate all ports and ignore the TD-OCC. The performance and complexity will then be the same as for normal length-4 FD-OCC.
In the presence of additional DMRS symbols, the UE does, however, also have the option to use the combination of length-2 ATD-OCC with length-2 FD-OCC to separate ports. This works since length-2 ATD-OCC separates the FD-OCC & ATD-OCC index group {0 1} from index group {2 3} while length-2 FD-OCC separates the ports within each of the two index group. Length-2 FD-OCC can be used since
· FD-OCC vectors 0 and 1 are orthogonal over sub-length 2
· FD-OCC vectors 2 and 3 are orthogonal over sub-length 2

Thus, it’s possible to form DMRS RE groups over which the DMRS ports are orthogonal in two different ways, as illustrated for type 1 DMRS in Figure 1, Figure 2 and Figure 3 (note that this obviously works equally well for type 2 DMRS).
The receiver can make a choice between the two options for separating ports e.g. based on estimates of Doppler spread and delay spread. However, there should be no requirement for receivers to implement ATD-OCC based port separation, neither on the gNB side nor for the UE. This should instead be up to gNB/UE implementation.
[bookmark: _Toc127288420][bookmark: _Toc127546010]The use a FD-OCC combined with TD-OCC over additional DMRS symbols is mandatory for the transmitter but for the receiver it’s fully optional whether to utilize TD-OCC over additional DMRS symbols or not to separate DMRS ports (i.e. it’s always possible for the receiver only to use FD-OCC).
In Figure 1, Figure 2 and Figure 3 we show how the receiver can utilize orthogonality over alternative RE-combinations to separate DMRS ports, e.g. depending on estimates of Doppler spread and delay spread. 
For the agreed antenna port index table only the column header for the FD-OCC index needs to be updated, as shown below
	p 
	CDM group index 
	Combined FD-OCC and ATD-OCC index 
	TD-OCC index 

	0 
	0 
	0 
	0 

	1 
	0 
	1 
	0 

	… 
	… 
	…
	…



[bookmark: _Toc127288421][bookmark: _Toc127546011]Modify the agreed antenna index tables to support FD-OCC combined with TD-OCC over additional DMRS symbols by re-interpreting the column for the FD-OCC index as a combined index both for FD-OCC and ATD-OCC, simply by changing the header from “FD-OCC index” to “Combined FD-OCC and ATD-OCC index” while keeping everything else as already agreed.
In the subsections below we exemplify how this works out for the cases of one additional DMRS symbol as well as for the case of three additional DMRS symbols.[image: ][image: ]
[bookmark: _Ref118471579]Figure 1 For single frontloaded DMRS with one additional DMRS, FAT-OCC DMRS RE groups over which the DMRS ports are orthogonal can be formed in two ways. Either based only on length-4 FD-OCC (top figure) or based on a combination of length-2 FD-OCC and length-2 TD-OCC (bottom figure). It’s up to the receiver to decide what to use to separate the ports. The upper alternative is more sensitive to delay spread while the lower alternative is more sensitive to Doppler spread.




[image: ][image: ]
[bookmark: _Ref118471593]Figure 2 For single frontloaded DMRS with three additional DMRS, FAT-OCC DMRS RE groups over which the DMRS ports are orthogonal can be formed in two ways. Either based only on length-4 FD-OCC (top figure) or based on a combination of length-2 FD-OCC and length-2 TD-OCC over additional DMRS symbols (bottom figure). It’s up to the receiver to decide what to use to separate the ports. The upper alternative is more sensitive to delay spread while the lower alternative is more sensitive to Doppler spread.
[image: ][image: ]
[bookmark: _Ref118387446]Figure 3 For double frontloaded DMRS with one additional DMRS, FAT-OCC DMRS RE groups over which the DMRS ports are orthogonal can be formed in two ways. Either based only on length-4 FD-OCC and length-2 TD-OCC over contiguous symbols (top figure) or based on a combination of length-2 FD-OCC, length-2 TD-OCC over contiguous DMRS symbols and length-2 TD-OCC over additional DMRS symbols (bottom figure). It’s up to the receiver to decide what to use to separate the ports. The upper alternative is more sensitive to delay spread while the lower alternative is more sensitive to Doppler spread.




2.2.2 Dynamic switching between legacy and Rel-18 DMRS
As we’ve shown in the evaluations in [1], SU-MIMO rank1 with legacy DMRS type outperforms the extension DMRS type at high SNR. This is aligned with theoretical understanding as extension methods extends either the coding dimension or the frequency dimension: for extended FD-OCC length, the phase difference become half of the legacy DMRS type, and for FDM the DMRS become sparser in frequency domain. These enhancements come at the price of reduced channel estimation performance, since the effective DMRS density is reduced (defined as usual with the number or RE/RB per port). The severity of this performance degradation however depends on the channel properties and the used channel estimation algorithm. 
[bookmark: _Toc127545966] SU-MIMO rank1 with legacy DMRS type outperforms the extension type at higher SNR.
Since per user throughput performance degrades with the extended DMRS type compared to legacy DMRS type, we believe the Rel-18 extended DMRS type should only be used when there is a need for more orthogonal DMRS ports than can be supported by legacy type I and type II DMRS, e.g. when there are too many users to be scheduled simultaneously for MU-MIMO. 
As the traffic varies rapidly, even from slot to slot, the required number of orthogonal DMRS ports also varies over different slots. Hence, we observe that there is a need to dynamically switch between legacy DMRS and new Rel.18 DMRS.
One thing we should acknowledge about dynamic switching is that we can already achieve it in the downlink by using different DL DCI format. One typical example is using fallback DCI format DCI 1_0 to receive system information update and broadcasting signaling. The UE receiver algorithm implementation for DCI 1_0 should not be changed because DCI 1_1 is configured with Rel-18 DMRS type. 
[bookmark: _Toc127545967]Dynamic switching between Rel-18 DMRS and legacy DMRS can be achieved by using different DL DCI formats, e.g, using DCI 1_0 and DCI 1_1.
With above observation, we would like to clarify early that the dynamic switching we talk about in Rel-18 is for switching between the same DCI format that is used for dedicated UE signaling.
[bookmark: _Toc127288422][bookmark: _Toc127546012] Study whether to support dynamic switching between Rel-18 DMRS and legacy DMRS using DCI 1_1/DCI 1_2/DCI 0_1/DCI 0_2. 
2.2.3 Dynamic indication of co-scheduled UE in the DCI
During the RAN1 discussion we noticed that most of the UE chipset vendors may have difficulty to support dynamic switching between length 2 and length 4 FD-OCC, one of the reasons iscurrent UE receiver algorithms have been optimized to achieve low cost and high performance and cannot promise more flexible functionality with high complexity. However, from NR enhancement and performance perspective not supporting dynamic switching would be unfortunate outcome for eType DM-RS. If using the eType DM-RS comes with the performance degradation when there’s fewer UEs in the network where only SU-MIMO and lower layer transmission, which in most of the time and area are the dominant traffic pattern. If dynamic switching is not achievable, we propose a middle ground solution to resolve the performance concern and the implementation dilemma. Instead of forcing the UE to use FD-OCC 2 or FD-OCC 4 for demodulate the PDSCH, network can provide the UE information about the co-scheduled UE(s) and leave the decision to UE how it can utilize the information.  This co-scheduling information includes:
· E.g. no other UE being co-scheduled in the same CDM group
· E.g. no other UE being co-scheduled in the same CDM group that is not length-2 orthogonal. 
· E.g. no information about co-scheduled UEs


The co-scheduling information can be indicated in the rows in antenna port table or indicated in the DCI.  Note that in legacy MU-MIMO restricted rows have been clarified to indicate no other UEs being co-scheduled in the same CDM group. Based on this information, UE can maximize the channel estimation performance according to its processing capability. 
[bookmark: _Toc127545968]Information on unused ports can be provided via DCI or rows in antenna port table to help UE select an optimal method to separate the scheduled ports.

[bookmark: _Toc127546013]Implement rows in antenna port table or indication in the DCI that assumes different co-scheduling assumptions.
a. [bookmark: _Toc127546014]E.g. No other UEs are co-scheduled in the same CDM group on a port that is not length 2 orthogonal.
b. [bookmark: _Toc127546015]E.g. No other co-scheduled UEs in the same CDM group
2.2.4 Dynamic switching on different number of additional DMRS symbols
For both legacy and enhanced DMRS type, we have observed significant throughput improvement using optimal number of additional DMRS symbols at different velocity. Here we show the throughput different between 0 and 1 additional DMRS symbol at UE velocity of 3km/h and 30km/h in Figure 4. The plot to the left is legacy Type 1; the plot to the right is Type 1 extension with FD-OCC length 4. For 3km/h, 0 additional DMRS (blue solid lines) is optimal and gives better performance than using 1 additional DMRS (red solid lines); and for 30km/h, 1 additional DMRS (red dashed lines) gives much better throughput at SNR of 3 dB than 0 additional DMRS (blue dashed lines).
[image: ][image: ]
[bookmark: _Ref118675936]Figure 4 Performance for 0 and 1 additional DMRS symbols at 3kmph and 30kmph velocity 


[bookmark: _Toc127545969]At lower velocity, 0 additional DMRS symbol gives higher throughput than 1 additional DMRS symbol; at media velocity, 0 additional DMRS symbol gives very poor throughput.

This observation can be explained as following: for a given Doppler spread, the channel estimation will only provide good performance up to a certain interpolation distance in time. Hence, if the DMRS pattern is too sparse in time the overall estimation error will be large. The number of additional DMRS symbols needed to achieve good throughput performance depends on the Doppler spread. The optimal number of additional DMRS symbols, in the sense of achieving maximum throughput, depends on both the Doppler spread and SNR of the channel, as well as the overhead of the DMRS itself. If optimal number of additional DMRS symbols can be dynamically switched as doppler spread and SNR vary, the gain could be beneficial for improving the throughput, which can be much larger gain than switching between legacy and extended DMRS types.
[bookmark: _Toc127545970]Dynamic switching between different number of additional DMRS symbols can achieve even larger gain than dynamic switching between legacy and extended DMRS types.

In Rel-15 for legacy DMRS type, when the configuration for single or double DMRS symbols “maxlength” is configured, 1 or 2 frontloaded DMRS symbols can be indicated dynamically to the UE. One of the reasons to support dynamic switching between single or double DMRS is to ensure the co-scheduling of UEs being possible. The co-scheduling UEs may vary from slot to slot, dynamic switching between 1 or 2 frontloaded DMRS symbols improves resource utilization. It means some of the UEs from Rel-15 have already implemented dynamic switching on different number of consecutive DMRS symbols.  

[bookmark: _Toc127545971]Dynamic switching on different number of consecutive DMRS symbols is already supported in Rel-15.

In a real network a UE may frequently change its velocity. Instead of using double DMRS symbols to mitigate doppler effects at high speeds, adapting the number of single additional DMRS symbols will save DMRS overhead. For low velocity, 0 or 1 additional DMRS symbols can be used, and for velocity higher than 50 km/h, 1 or 2 additional DMRS symbols can be used. 

[bookmark: _Toc127545972] Dynamic switching between different number of additional (non-consecutive) DMRS symbols requires less overhead.
For Rel-18 DMRS enhancement, supporting multiple UEs with different velocity and less overhead can be achieved by dynamically switching between different number of additional DMRS symbols. Dynamic switching between different number of additional DMRS symbols can provide performance gain for both legacy DMRS and other Rel-18 DMRS extensions.

[bookmark: _Toc127288423][bookmark: _Toc127546016]Study how to support dynamic switching between different number of additional DMRS symbols in Rel-18.

2.3 PTRS 
2.3.1 PTRS-DMRS association for full-coherent PUSCH for rank 5-8
In RAN1#111 meeting we’ve made this agreement:
Agreement
· 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



In our view Alt.2 shall be supported to ensure flexibility on PTRS and DMRS port association and to achieve a complete future-proof design.
[bookmark: _Toc127288424][bookmark: _Toc127546017]Support Alt.2, i.e. 3 bits in DCI 0_1/0_2 for PTRS-DMRS association field for full coherent rank 5-8 PUSCH.
2.3.2 PTRS sub-carrier offset indication for extended DMRS ports
For PTRS sub-carrier offset table, 4 rows are supported for legacy Type1 DMRS and 6 rows are supported for legacy Type 2 DMRS in both DL and UL, as illustrated in the two table below from 38.211. With the extended eType1 and eType2 DMRS in Rel-18, these tables need to be extended with more rows. One example of how this might look is illustrated in Table 1 and Table 2, for PDSCH and PUSCH respectively. Hence, we propose
[bookmark: _Toc127546018]Support new PTRS subcarrier offset table for PDSCH and PUSCH, where 8 rows are used for eType1 DMRS, and 12 rows are used for eType2 DMRS.


Table 7.4.1.2.2-1: The parameter [image: ] (DL)
	DM-RS antenna port
[image: ]
	[image: ]

	
	DM-RS Configuration type 1
	DM-RS Configuration type 2

	
	resourceElementOffset
	resourceElementOffset

	
	offset00
	offset01
	offset10
	offset11
	offset00
	offset01
	offset10
	offset11

	1000
	0
	2
	6
	8
	0
	1
	6
	7

	1001
	2
	4
	8
	10
	1
	6
	7
	0

	1002
	1
	3
	7
	9
	2
	3
	8
	9

	1003
	3
	5
	9
	11
	3
	8
	9
	2

	1004
	-
	-
	-
	-
	4
	5
	10
	11

	1005
	-
	-
	-
	-
	5
	10
	11
	4



Table 6.4.1.2.2.1-1: The parameter [image: ] (UL).
	DM-RS antenna port



	[image: ]

	
	DM-RS Configuration type 1
	DM-RS Configuration type 2

	
	resourceElementOffset
	resourceElementOffset

	
	offset00
	offset01
	offset10
	offset11
	offset00
	offset01
	offset10
	offset11

	0
	0
	2
	6
	8
	0
	1
	6
	7

	1
	2
	4
	8
	10
	1
	6
	7
	0

	2
	1
	3
	7
	9
	2
	3
	8
	9

	3
	3
	5
	9
	11
	3
	8
	9
	2

	4
	-
	-
	-
	-
	4
	5
	10
	11

	5
	-
	-
	-
	-
	5
	10
	11
	4





[bookmark: _Ref127275440]Table 1	PTRS sub-carrier offset table for PDSCH
	DMRS antenna port

p

	

	
	DM-RS Configuration type 1
	DM-RS Configuration type 2

	
	resourceElementOffset
	resourceElementOffset

	
	offset00
	offset01
	offset10
	offset11
	offset00
	offset01
	offset10
	offset11

	1000
	0
	2
	6
	8
	0
	1
	6
	7

	1001
	2
	4
	8
	10
	1
	6
	7
	0

	1002
	1
	3
	7
	9
	2
	3
	8
	9

	1003
	3
	5
	9
	11
	3
	8
	9
	2

	1004
	-
	-
	-
	-
	4
	5
	10
	11

	1005
	-
	-
	-
	-
	5
	10
	11
	4

	1008
	4
	6
	10
	0
	-
	-
	-
	-

	1009
	6
	8
	0
	2
	-
	-
	-
	-

	1010
	5
	7
	11
	1
	-
	-
	-
	-

	1011
	7
	9
	1
	3
	-
	-
	-
	-

	1012
	-
	-
	-
	-
	6
	7
	0
	1

	1013
	-
	-
	-
	-
	7
	0
	1
	6

	1014
	-
	-
	-
	-
	8
	9
	2
	3

	1015
	-
	-
	-
	-
	9
	2
	3
	8

	1016
	-
	-
	-
	-
	10
	11
	4
	5

	1017
	-
	-
	-
	-
	11
	4
	5
	10






[bookmark: _Ref127275445]Table 2	PTRS sub-carrier offset table for PUSCH
	DMRS antenna port



	

	
	DM-RS Configuration type 1
	DM-RS Configuration type 2

	
	resourceElementOffset
	resourceElementOffset

	
	offset00
	offset01
	offset10
	offset11
	offset00
	offset01
	offset10
	offset11

	0
	0
	2
	6
	8
	0
	1
	6
	7

	1
	2
	4
	8
	10
	1
	6
	7
	0

	2
	1
	3
	7
	9
	2
	3
	8
	9

	3
	3
	5
	9
	11
	3
	8
	9
	2

	4
	-
	-
	-
	-
	4
	5
	10
	11

	5
	-
	-
	-
	-
	5
	10
	11
	4

	8
	4
	6
	10
	0
	-
	-
	-
	-

	9
	6
	8
	0
	2
	-
	-
	-
	-

	10
	5
	7
	11
	1
	-
	-
	-
	-

	11
	7
	9
	1
	3
	-
	-
	-
	-

	12
	-
	-
	-
	-
	6
	7
	0
	1

	13
	-
	-
	-
	-
	7
	0
	1
	6

	14
	-
	-
	-
	-
	8
	9
	2
	3

	15
	-
	-
	-
	-
	9
	2
	3
	8

	16
	-
	-
	-
	-
	10
	11
	4
	5

	17
	-
	-
	-
	-
	11
	4
	5
	10



2.3.3 PTRS to DMRS power ratio for up to 8-layer PUSCH

In RAN1#110 meeting we’ve made this agreement
Agreement
For support of more than 4 layers SU-MIMO PUSCH, study the following potential enhancements for PTRS-DMRS association. 
· Whether to support more than 2-port UL PTRS.
· Whether to increase the DCI size of PTRS-DMRS association field in DCI format 0_1/0_2.

And in RAN1#111 meeting we’ve made this agreement
Agreement
· For full-coherent PUSCH with rank 5-8, UE shall expect only one port PTRS to be configured.

In NR Releases 15 to 17, the maximum number of PUSCH layers is 4, while for Rel-18 the maximum number of PUSCH layers will be increased to 8. In legacy NR, the transmit power of a PTRS port can be boosted relative to the corresponding PUSCH transmit power per RE per layer according to --- the number of layers of the PUSCH associated to the PTRS port and according to the coherence capability of the UE --- as illustrated by the table below:

Table 6.2.3.1-3: Factor related to PUSCH to PTRS power ratio per layer per RE (reproduced from 3gpp TS38.214)
	
UL-PTRS-power / 
	
	
The number of PUSCH layers ( )

	
	1
	2
	3
	4

	
	All cases
	Full coherent
	Partial and non- coherent and non-codebook based
	Full coherent
	Partial and non- coherent and non-codebook based
	Full coherent
	Partial coherent
	Non-coherent and non-codebook based

	00
	0
	3
	3Qp-3
	4.77
	3Qp-3
	6
	3Qp
	3Qp-3

	01
	0
	3
	3
	4.77
	4.77
	6
	6
	6

	10
	Reserved

	11
	Reserved



In Rel-18, we need to create new such PTRS power boosting tables to cover up to 8 UL PUSCH layers for coherent, partially coherent and non-coherent UEs. 
For fully coherent UEs it was agreed that the UE can be configured with maximum one PTRS port. In case of full coherent codebook, a PUSCH layer can be transmitted over all the antenna ports via a precoder , where  is the number of Tx antennas. Multiple layers share the total transmit power across all the antenna ports.  For  scheduled PUSCH layers, each PUSCH layer is transmitted with 1/  of the total transmit power, i.e.,    If a PTRS is configured, it is associated to one of the DMRS ports and precoded in the same way as the associated DMRS port (or the associated PUSCH layer).  The PTRS to PUSCH power ratio per layer per RE is given by  (dB), i.e., the PTRS port can use all the available power across all the antenna ports while each PUSCH layer uses only a fraction of the total power. Hence, we propose
[bookmark: _Toc127546019]For full coherent codebook the PTRS to PUSCH power ratio per layer per RE is given by  


	UL-PTRS-power:


	Codebook type: Full coherent

	
	Number of PUSCH layers  with DMRS associated to the PTRS port


	
	1
	2
	3
	4
	5
	6
	7
	8

	0
	



[bookmark: _Ref120294032]Figure 5: PTRS to PUSCH to power ratio per layer per RE for full coherent codebooks.

In case of non-coherent codebook, each PUSCH layer is transmitted on only one of the antenna ports. The same is also true for PTRS port.  For each PTRS antenna port, the REs allocated to the other PTRS ports are not used (i.e., nothing is transmitted from the antenna port) and thus, the power normally allocated to those REs can be used for the PTRS port to boost its transmit power.  An example is illustrated in Figure 6, where two PTRS ports are scheduled and 3dB power boosting can be achieved for each of the PTRS ports. 
[image: ]
[bookmark: _Ref120610411]Figure 6: An example of PTRS power boosting with two scheduled PTRS ports each transmitted on a different antenna port.
Therefore, for non-coherent codebook the PTRS to PUSCH power ratio per layer per RE is solely determined by the number of PTRS ports associated to a PUSCH, i.e., , In this case, the PTRS to PUSCH power ratio per layer per RE is the same for all PTRS ports.  This is illustrated in Figure 7, where  is the number of PTRS ports the UE is configured with for PUSCH. Hence we propose
[bookmark: _Toc127546020]For non-coherent codebook the PTRS to PUSCH power ratio per layer per RE is determined solely by the number of PTRS ports associated to a PUSCH, i.e., ,

	UL-PTRS-power:


	Codebook type:  Non-coherent

	
	Number of PUSCH layers 

	
	1
	2
	3
	4
	5
	6
	7
	8

	xx
	


[bookmark: _Ref127546620]Figure 7: PTRS to PUSCH to power ratio per layer per RE  for non-coherent codebooks.

For partially coherent codebooks, the power boosting is more complicated and can for example depend on the number of antenna groups, the number of PTRS ports, the PA architecture, potential rank-restrictions, and PMI-restrictions introduced in Rel-18 to reduce DCI overhead. Due to that several of these aspects have yet nor been decided in 3GPP, for example the maximum number of PTRS ports for partially coherent UEs (2 or 4), and potential rank/TPMI restrictions to reduce the DCI overhead, the power boosting tables for partially coherent UEs can be postponed until further agreements have been made in the 8 TX UL topic. 


Conclusion
In the previous sections we made the following observations: 
Observation 1	SU-MIMO rank1 with legacy DMRS type outperforms the extension type at higher SNR.
Observation 2	Dynamic switching between Rel-18 DMRS and legacy DMRS can be achieved by using different DL DCI formats, e.g, using DCI 1_0 and DCI 1_1.
Observation 3	Information on unused ports can be provided via DCI or rows in antenna port table to help UE select an optimal method to separate the scheduled ports.
Observation 4	At lower velocity, 0 additional DMRS symbol gives higher throughput than 1 additional DMRS symbol; at media velocity, 0 additional DMRS symbol gives very poor throughput.
Observation 5	Dynamic switching between different number of additional DMRS symbols can achieve even larger gain than dynamic switching between legacy and extended DMRS types.
Observation 6	Dynamic switching on different number of consecutive DMRS symbols is already supported in Rel-15.
Observation 7	Dynamic switching between different number of additional (non-consecutive) DMRS symbols requires less overhead.


Based on the discussion in the previous sections we propose the following:
 
Proposal 1	Include antenna port combinations with “number of DMRS CDM group(s) without data equal to 1” to the new antenna port table, e.g. indices 0-2, 12-14 and 24,25 from the table.
Proposal 2	Include antenna port combinations enable 1-layer and 2-layer transmission without assuming scheduling restrictions, e.g entries 3-8, 11, 15-20, 23 (both combinations).
Proposal 3	Include antenna ports combinations that are compatible with legacy ports to facilitate co-scheduling legacy UEs with Rel-18 UEs, e.g. entries 21,22.
Proposal 4	Include antenna port combinations that are super orthogonal to improve the robustness at high delay spread, e.g. entries 10, 22.
Proposal 5	Include antenna ports combinations using as few CDM groups as possible for higher ranks, e.g. entries 23-29.
Proposal 6	Include antenna port combinations for C-JT, NC-JT and STxMP in the new antenna port table design, e.g {0,1,2,8,9} for PDSCH and {8,9,2,3} for PUSCH.
Proposal 7	eType1 PDSCH and PUSCH tables with maxLength=1:
Proposal 8	For Rel-18 DCI indication on antenna port table index, support RRC configuration to select the actual needed indexes from the defined antenna port table.
Proposal 9	Support FD-OCC combined with TD-OCC over additional DMRS symbols
Proposal 10	Augment the table of FD-OCC weights  for each FD-OCC index with ATD-OCC weights  reusing the same FD-OCC indices also as ATD-OCC indices.
Proposal 11	The use a FD-OCC combined with TD-OCC over additional DMRS symbols is mandatory for the transmitter but for the receiver it’s fully optional whether to utilize TD-OCC over additional DMRS symbols or not to separate DMRS ports (i.e. it’s always possible for the receiver only to use FD-OCC).
Proposal 12	Modify the agreed antenna index tables to support FD-OCC combined with TD-OCC over additional DMRS symbols by re-interpreting the column for the FD-OCC index as a combined index both for FD-OCC and ATD-OCC, simply by changing the header from “FD-OCC index” to “Combined FD-OCC and ATD-OCC index” while keeping everything else as already agreed.
Proposal 13	Study whether to support dynamic switching between Rel-18 DMRS and legacy DMRS using DCI 1_1/DCI 1_2/DCI 0_1/DCI 0_2.
Proposal 14	Implement rows in antenna port table or indication in the DCI that assumes different co-scheduling assumptions.
a.	E.g. No other UEs are co-scheduled in the same CDM group on a port that is not length 2 orthogonal.
b.	E.g. No other co-scheduled UEs in the same CDM group
Proposal 15	Study how to support dynamic switching between different number of additional DMRS symbols in Rel-18.
Proposal 16	Support Alt.2, i.e. 3 bits in DCI 0_1/0_2 for PTRS-DMRS association field for full coherent rank 5-8 PUSCH.
Proposal 17	Support new PTRS subcarrier offset table for PDSCH and PUSCH, where 8 rows are used for eType1 DMRS, and 12 rows are used for eType2 DMRS.
Proposal 18	For full coherent codebook the PTRS to PUSCH power ratio per layer per RE is given by 
Proposal 19	For non-coherent codebook the PTRS to PUSCH power ratio per layer per RE is determined solely by the number of PTRS ports associated to a PUSCH, i.e., ,
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Appendix 1:

Simulation results for FD-OCC combined with TD-OCC over additional DMRS symbols

In Figure 8 and Figure 9 we can see that for a large delay spread of 1000ns, using FD-OCC only as enhancement method can result in significant throughput degradation. The use of FD-OCC combined with TD-OCC over additional DMRS symbols can, however, improve performance significantly. This, of course relies on that the receiver make use of TD-OCC in separating the ports. If the receiver doesn’t implement this feature the performance is identical with normal length-4 FD-OCC.
Note that a delay spread of 1000ns can be a typical channel condition for multi-TRP transmissions. The propagation delay over multiple propagation paths can reach 1000ns. Even without propagation delay, the synchronization requirement for multi-TRP transmission is within 1us between TRPs, thus the delay can still be 1000ns.

[image: ]
[bookmark: _Ref118465969]Figure 8 Channel estimation error for type 1 extension alternatives for CDL-B with 1000ns delay spread and UE speed 3km/h for single frontloaded DMRS with one additional DMRS with interference from co-scheduled UEs. Note that for TD-OCC over additional DMRS symbols, results are given separately depending on whether the UE use only length-4 F-OCC or a combination of length-2 F-OCC with length-2 T-OCC to separate ports.
[image: ]
[bookmark: _Ref118465978]Figure 9 Throughput for type 1 extension alternatives for CDL-B with 1000ns delay spread and UE speed 3km/h for single frontloaded DMRS with one additional DMRS with interference from co-scheduled UEs. Note that for TD-OCC over additional DMRS symbols, results are given separately depending on whether the UE use only length-4 F-OCC or a combination of length-2 F-OCC with length-2 T-OCC to separate ports.



The following evaluation assumptions have been used for the LLS reported in this contribution. 
	Parameter 
	Value 

	Duplex, Waveform 
	TDD, OFDM 


	Carrier Frequency 
	4 GHz 

	Subcarrier spacing  
	30kHz 

	Channel Model 
	CDL-B in TR 38.901


	Delay spread 
	30ns, 300ns 


	UE velocity 
	3km/h, 30km/h 

	Allocation bandwidth 
	20MHz 


	MIMO scheme 
	MU-MIMO SU-MIMO 

	BS antenna configuration 
	16 ports: (M, N, P, Mg, Ng, Mp, Np) = (8,4,2,1,1,2,4), (dH,dV) = (0.5, 0.8)λ 


	UE antenna configuration 
	2RX: (M, N, P, Mg, Ng, Mp, Np) = (1,1,2,1,1,1,1), (dH,dV) = (0.5, 0.5)λ


	MIMO Rank 
	1 or 2 per UE (rank fixed or rank adaptation) 

	UE number for MU-MIMO 
	We populate all DMRS ports that are not used by the UE studied. For type-1 extensions using single frontloaded DMRS and rank-1 transmission this means that there are 7 interfering ports and 7 corresponding interfering data layers. This may be interpreted e.g. as 4 UEs where 3 UEs use rank-2 and one UE use rank-1. For type-2 extensions using single frontloaded DMRS and rank-1 transmission this means that there are 11 interfering ports and 11 corresponding interfering data layers. This may be interpreted e.g. as 8 UEs where 3 UEs use rank-2 and five UEs use rank-1.    

	Precoding and precoding granularity 
	For PDSCH: CSI codebook based sub-band precoding (with 4PRB precoding granularity) on ideal CSI feedback. 

For PUSCH: Not simulated. 

	Feedback delay for precoding 
	5ms 

	DMRS type 
	Several alternatives for both type 1 and type 2 extensions as described in the main text.

	DMRS configurations 
	Single symbol DMRS without additional DMRS symbols.
Single symbol DMRS with 1 additional DMRS symbol.

	DMRS mapping type 
	Mapping type A (slot based)


	Link adaptation 
	· Fixed modulation, coding and rank for BLER evaluation.
· Adaptation of both MCS and rank for throughput evaluation.  

	HARQ 
	Off 

	Channel estimation 
	Realistic channel estimation with ideal info of frequency sync, SNR, doppler and delay spread.

	Receiver type 
	MMSE

	EVM 
	No radio impairments  
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