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In RAN1#112 meeting, the DMRS design for increasing the maximum number of DMRS ports has been agreed as follows [1]:
	Conclusion
Dynamic switching between R15 DMRS port and R18 DMRS port by a scheduling DCI is not supported in Rel-18

Agreement
For RAN1#111 agreement of the antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 1 for PDSCH, at least for S-TRP case, support at least support the following rows:
· For 1 CW, 
· 1) Rows 0-2, 12-14, 24-25 (rows with Number of DMRS CDM group(s) without data = 1)

Agreement
For RAN1#111 agreement of the antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 1 for PDSCH, at least for S-TRP case, at least support the following rows:
· For 1 CW,
· 2) Row 9-11
· For the above rows, introduce MU-MIMO restriction (i.e. UE does not expect to be multiplexed with other DMRS ports in the same CDM group).

Working Assumption
For RAN1#111 agreement of the antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 1 for PDSCH, at least for S-TRP case, for 2 CWs,
· Alt.3-1: Support at least row 0-3 for 2 CWs in Table 4-0.
Table 4-0: DMRS ports for 2CWs.
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

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

	0
	2
	0,1,2,3,8

	1
	2
	0,1,2,3,8,10

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

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



Agreement
For the antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 1 for PDSCH for S-DCI based M-TRP, support at least the following row(s):
· For one CW, support at least row 30 in the following table.
· For the above row, introduce MU-MIMO restriction (i.e. UE does not expect to be multiplexed with other DMRS ports in the same CDM group).
· FFS: other rows are not precluded
Table 7.3.1.2.2-1A-X: Antenna port(s) (1000 + DMRS port), dmrs-Type=eType1, maxLength=1
	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled

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

	…
	…
	…

	30
	2
	0,2,3





For the DMRS enhancement of 8Tx UL, it has been agreed at RAN1#112 that [1]:
	Agreement
For Rel.18 eType1/eType2 DMRS ports for PDSCH/PUSCH, support Alt.1 for PTRS RE mapping.
· 
Alt 1: Different RE offsets set for different Rel.18 DMRS port indexes as shown in Table 4

Table 4 Different RE offsets set for different Rel.18 DMRS port indexes
	DM-RS antenna port p
(p for PUSCH, 
p+1000 for PDSCH)
	


	
	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



Working Assumption
To support PUSCH with rank = 5-8, support the following for enhancement of DMRS port allocation tables.
· 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].

Agreement
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.
· FFS: 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





In this contribution, we discuss the DMRS enhancement for a larger number of orthogonal DMRS ports and more than 4 layers SU-MIMO PUSCH for 8TX UL operation.
[bookmark: _Ref129681832]Larger number of orthogonal DMRS ports 
Low PAPR sequence design 
DMRS sequence enhancement has been introduced in Rel.16 by adopting of different  for different CDM groups to ensure low PAPR. The specific sequence definitions from Rel.15 to Rel.16 are listed below.
· For Rel.15 DMRS, the pseudo-random sequence generator is initialized with

where the  is given by DMRS sequence initialization field, if present; otherwise .
· To ensure low PAPR, the pseudo-random sequence generator for Rel.16 DMRS is initialized with

Where the   given by
· if the higher-layer parameter dmrs-Downlink in the DMRS-DownlinkConfig IE is provided
,
,
where λ is the CDM group index corresponding to the DMRS port index.
· otherwise by 
,
,
where the  is given by DMRS sequence initialization field, if present; otherwise .
To maintain the low PAPR property, the DMRS sequence design introduced in Rel.16 should be automatically inherited. Specifically, the DMRS sequence initialization based on  should be reused for Rel.18 DMRS.
Proposal 1: Rel.18 DMRS should inherit the low PAPR sequence design introduced in Rel.16, i.e., the DMRS sequence initialization based on   should be reused for Rel.18 DMRS.

Switching between FD-OCC length 2 and 4
One of the key issues need to be discussed is whether to support MAC CE-based switching between DMRS port(s) associated with length-2 FD-OCC and DMRS port(s) associated with length-4 FD-OCC. 
Although the length of FD-OCC for Rel.18 DMRS is increased from 2 to 4, considering the FD-OCC of Rel.18 DMRS is equivalently degenerated into length-2 FD-OCC within two consecutive subcarriers corresponding to a CDM group, the channel estimation based on length-2 FD-OCC can be conducted free from interference as long as the orthogonality between DMRS ports can be guaranteed within two consecutive subcarriers corresponding to the CDM group. This provides Rel.18 DMRS ports a better channel estimation capability under some combinations of scheduled DMRS ports due to the lower sensitivity to the frequency selectivity of channel. 
Whether the channel estimation based on length-2 FD-OCC is beneficial mainly depends on the channel delay spread and whether an interference DMRS port is scheduled. Considering that MU-MIMO scheduling enables the dynamic pairing between different UEs with differentiated channel conditions, compared with semi-static switching between different FD-OCC length via RRC, dynamic switching is more appropriate to adapt the dynamic MU scheduling results. 
However, to support dynamic switching between different FD-OCC lengths, the receiver needs to simultaneously prepare different channel estimation algorithms, which undoubtedly increases the processing complexity. Moreover, dynamic switching may bring spec. efforts and/or additional indication overheads. 
Considering the pros and cons mentioned above, switching between length-2 FD-OCC and length-4 FD-OCC based on MAC-CE can be a good solution. Recalling that one of the most important factors that influence the benefit of length-2-FD-OCC-based channel estimation is the delay spread of channel, which changes relatively slowly, a practical tradeoff between performance and indication overhead is MAC-CE-based switching.
Proposal 2: Support MAC-CE-based switching between different FD-OCC lengths.

MU-MIMO between Rel.15 and Rel.18 DMRS ports
In RAN1#110 meeting, it has been agreed that MU-MIMO between Rel.15 and Rel.18 DMRS ports should be supported in Rel.18, and further discussion mainly focus on ‘whether and how to support MU-MIMO between Rel.15 DMRS ports and Rel.18 DMRS ports within one CDM group’. From RAN1#110bis-e to #112 meeting this issue was further discussed and no consensus has been reached yet.
The most straightforward benefit of supporting MU-MIMO between Rel.15 and Rel.18 DMRS ports within one CDM group is improving the MU scheduling flexibility to meet various requirements under different transmission scenarios. It has been agreed that the maximum number of DMRS ports supported in Rel.18 is doubled, however, the agreed number cannot be guaranteed if Rel.15 and Rel.18 DMRS ports cannot be multiplexed in the same CDM group. The situation will keep deteriorating with the increase of the occupied Rel.15 DMRS ports, and Rel.18 DMRS ports even cannot be used under some scenarios (e.g., there exists occupied Rel.15 DMRS ports in each CDM group). 
It is also obvious that supporting MU-MIMO between Rel.15 and Rel.18 DMRS ports within one CDM group can improve the efficiency of spectrum resource utilization when the total number of MU-pairing layers is relatively small. By multiplexing more DMRS ports in limited CDM group(s), the idle CDM group(s) can be used for PXSCH transmission.
The main problem of MU-MIMO between Rel.15 and Rel.18 DMRS ports within one CDM group is the potential performance impact to Rel.15 DMRS port(s), which directly depends on the specific sequence(s) of the co-scheduled Rel.18 DMRS port(s) and the channel estimation algorithm. 
[bookmark: _Hlk130932541]In RAN1#112 meeting, this issue was further divided into four scenarios as below [2]:
	FL Proposal 2.5A
· For MU-MIMO within a CDM group between Rel.15 DMRS ports and Rel.18 DMRS ports,
· 1) For PUSCH, there is no restriction.
· 2) For PDSCH, there is no additional restriction between Rel.18 UE1 indicated with Rel-18 Legacy ports (eType1: ports 1000-1007, eType2: ports 1000-1011) and Rel.15/18 UE2 indicated with Rel.15 DMRS ports in a CDM group from Rel.17 spec.
· Note: MU-MIMO restriction in Rel.17 is applied.
· 3) For PDSCH, between Rel.18 UE1 indicated with Rel-18 New ports (eType1: ports 1008-1015, eType2: ports 1012-1023) and Rel.15 UE2 indicated with Rel.15 DMRS ports in a CDM group,
· UE does not expect such MU-MIMO in a CDM group.
· 4) For PDSCH, between Rel.18 UE1 indicated with Rel-18 New ports (eType1: ports 1008-1015, eType2: ports 1012-1023) and Rel.18 UE2 indicated with Rel.15 DMRS ports in a CDM group, down select from the following.
· Alt.1: UE does not expect such MU-MIMO in a CDM group.
· Alt.2: Rel.18 UE2 configured with Rel.15 DMRS ports can be signaled, to indicate that there may be another Rel.18 UE1 with Rel.18 New ports (eType1: ports 1008-1015, eType2: ports 1012-1023) in the same CDM group, so that the Rel.18 UE2 can assume FD-OCC length 4 for channel estimation of Rel.15 DMRS ports.
· Dedicated UE capability is introduced.
· The signaling is at least by RRC (FFS: whether to support DCI based signaling).
· Alt.3: It is up to gNB implementation whether to schedule such MU-MIMO in a CDM group (i.e. no spec impact and no additional restriction).



The first scenario is for PUSCH. Since the gNB has global vision of the co-scheduled DMRS ports, which means the UL channel estimation based on appropriate FD-OCC length and/or adequate MU-MIMO information can be adopted for each port, no restriction for MU-MIMO is needed under this scenario. 
The second scenario is for PDSCH MU-MIMO between Rel.18 UE1 indicated with Rel.18 legacy DMRS ports and Rel.15/18 UE2 indicated with Rel.15 DMRS ports in one CDM group. Considering the totally same sequence design of Rel.18 legacy ports and Rel.15 ports, the channel estimation performance of Rel.15 ports will not deteriorate when being reasonably co-scheduled with Rel.18 legacy ports, thus no restriction for MU-MIMO is needed. 
The third scenario is for PDSCH MU-MIMO between Rel.18 UE1 indicated with Rel.18 new DMRS ports and Rel.15 UE2 indicated with Rel.15 DMRS ports in one CDM group. Due to the fixed channel estimation algorithm suitable for length-2 FD-OCC and the ignorance of potentially co-scheduled Rel.18 DMRS ports of Rel.15 UE, this scenario may lead to significant channel estimation performance degradation and should be avoided.
The last scenario is for PDSCH MU-MIMO between Rel.18 UE1 indicated with Rel.18 new DMRS ports and Rel.18 UE2 indicated with Rel.15 DMRS ports in one CDM group. This kind of MU-MIMO scenario should be supported considering the aforementioned benefit, while the channel estimation performance of Rel.15 DMRS ports should be furthest guaranteed. Three alternatives were further listed under this scenario, among which the first alternative forbidding this kind of MU-MIMO can be directly precluded, and the remaining two alternatives are analyzed below. 
Alt.3 endows the gNB great freedom to decide whether to schedule MU-MIMO between Rel.18 new DMRS ports and Rel.15 DMRS ports in one CDM group. However, given that the Rel.15 DMRS ports may suffer from severe channel estimation performance loss under improper scheduling result, this alternative is not preferred.
Alt.2 provides an approach to change the assumption of FD-OCC length for Rel.15 DMRS ports. With the assistance of this capability, the Rel.15 DMRS ports can get rid of the potential strong interference brought by co-scheduled Rel.18 new DMRS ports during channel estimation. However, considering the channel estimation based on length-4 FD-OCC is more sensitive to the frequency selectivity of channel and the MU-MIMO scheduling is dynamic, RRC-based semi-static indication may incur unnecessary channel estimation performance loss and is not preferred. Instead, DCI/MAC-CE-based dynamic indication can be considered.
Another candidate alternative enabling the last scenario is to ensure the orthogonality of length-2 FD-OCC between co-scheduled Rel.18 new DMRS ports and Rel.15 DMRS ports by introducing a restriction, so that the channel estimation performance of Rel.15 DMRS port can be guaranteed to the most extent. Specifically, the Rel.18 UE indicated with Rel.15 DMRS ports is not expected to be co-scheduled with a Rel.18 UE indicated with Rel.18 DMRS ports if the orthogonality of length-2 FD-OCC between the co-scheduled DMRS ports cannot be satisfied.
Considering the pros and cons of supporting MU-MIMO between Rel.15 and Rel.18 DMRS ports within one CDM group as well as the concrete MU situation under different scenarios, we have the following proposal:

Proposal 2: For MU-MIMO within a CDM group between Rel.15 and Rel.18 DMRS ports, support following principles:
· For PUSCH, there is no restriction.
· For PDSCH, there is no additional restriction between Rel.18 UE1 indicated with Rel-18 Legacy ports and Rel.15/18 UE2 indicated with Rel.15 DMRS ports in a CDM group.
· For PDSCH, MU-MIMO between Rel.18 UE1 indicated with Rel-18 New DMRS ports and Rel.15 UE2 indicated with Rel.15 DMRS ports in a CDM group is not supported.
· For PDSCH, MU-MIMO between Rel.18 UE1 indicated with Rel-18 New DMRS ports and Rel.18 UE2 indicated with Rel.15 DMRS ports in a CDM group is supported, while following approaches can be further down-selected:
· Introduce UE capability and DCI/MAC-CE-based signaling to indicate the existence of co-scheduled Rel.18 New DMRS ports.
· Introduce restriction that the UE indicated with Rel.15 DMRS ports is not expected to be co-scheduled with a UE indicated with Rel.18 DMRS ports if the orthogonality of length-2 FD-OCC between the co-scheduled DMRS ports cannot be satisfied.

Antenna ports field design for PDSCH
1.1.1 DMRS port combinations of eType1 DMRS with maxLength=1 for 1 CW
The DMRS port combinations of eType1 DMRS with maxLength=1 given in the agreement of RAN1#111 are attached below and the status of some combinations are further updated according to the agreement of RAN1#112. Besides entry #21 and #22, which have been discussed online but not agreed (although no literal conclusion indicates they are precluded), entry #23 is the only remaining entry in the agreement that need further discussion.
Table 1. 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]
	 [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
	
	
	
	
	



To facilitate flexible MU scheduling, all layer combinations should be enabled. For eType1 DMRS with maxLength=1, the supported maximum layer number of which is 8, following layer combinations need to be considered:
· Layer combinations with 8 layers in total: {4+4}, {4+2+2}, {3+3+2}, {2+2+2+2}
· Layer combinations with 7 layers in total: {4+3}, {3+2+2}
· Layer combinations with 6 layers in total: {4+2}, {3+3}
· Layer combinations with 5 layers in total: {3+2}
· Layer combinations with 4 layers in total: {2+2}
It should be noted that the layer combinations including one or multiple single layers (e.g., {4+3+1} or {4+2+1+1} for 8 layers) are not listed above. The reason is that these combinations can be equivalently viewed as comprising of two parts: one part contains one or multiple single layer(s) (e.g., {1} or {1+1}), which can be supported by one or multiple port combination(s) in Table 1; the other part can be treated as smaller number of total layers (e.g., 4+3=7 or 4+2=6) listed above. 
Aforementioned layer combinations can be exemplarily supported by the DMRS port combinations in Table 1 with following entry indexes:
· Layer combinations with 8 layers in total: {#27 + #29}, {#27 + #20 + #8}, {#28 + #26 + #23}, {#7 + #8 + #19 + #20}
· Layer combinations with 7 layers in total: {#27 + #28}, {#28 + #19 + #7}
· Layer combinations with 6 layers in total: {#29 + #7}, {#26 + #28}
· Layer combinations with 5 layers in total: {#26 + #20}
· Layer combinations with 4 layers in total: {#7 + #19}
Unlike other layer combinations that can be achieved by different compositions of DMRS port combinations, {3+3+2} can only be enabled by composition {#28 + #26 + #23}, which means entry #23 is irreplaceable for supporting all layer combinations.
The system-level simulation is conducted to reflect the probability of different layer combinations, where the maximum number of MU pairing layer is limited to 8. Other detailed simulation assumptions can be found in Appendix A The PDF of layer combinations is shown in Figure 1, from which it can be clearly observed that layer combination {3+3+2} has a relatively high probability to be scheduled. By further concentrating on the cases with 8 MU pairing layers, the probability of layer combination {3+3+2} can reach more than 1/3. Considering that replacing {3+3+2} by {3+3+1+1} (or other layer combinations corresponding to more than 3 paired UEs) subjects to practical MU traffic, while replacing {3+3+2} by {4+3+1} (or other layer combinations corresponding to at least one 4-layer UE) may bring MU performance degradation, layer combination {3+3+2} plays an important role to achieve the maximum number of MU pairing layer under this DMRS configuration. To enable this particular layer combination, entry#23 in Table 1, DMRS port combination {9, 11}, should undoubtedly be supported.
[image: ]
Figure.1 The PDF of layer combinations
Observation 1: The probability of layer combination {3+3+2} being scheduled is relatively high, and can reach more than 1/3 among 8 MU pairing layers cases.  
Proposal 3: Support DMRS port combination {9, 11} for eType1 DMRS with maxLength=1 to facilitate flexible MU scheduling.

1.1.2 DMRS port combinations of eType1 DMRS with maxLength=1 for 2 CWs
In RAN1#112 meeting, following WA targeting the DMRS port combinations for 2 CWs has been reached:
	Working Assumption
For RAN1#111 agreement of the antenna ports indication in Rel.18 eType1 DMRS ports with maxLength = 1 for PDSCH, at least for S-TRP case, for 2 CWs,
· Alt.3-1: Support at least row 0-3 for 2 CWs in Table 4-0.
Table 4-0: DMRS ports for 2CWs.
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

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

	0
	2
	0,1,2,3,8

	1
	2
	0,1,2,3,8,10

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

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





Apparently the working assumption above inherits the design principle of Rel.15 DMRS, which means “mapping layers of 1 CW only to 1 CDM group” is never assumed. Besides, incomplete channel information will incur significant performance degradation during MIMO detection and is not preferred. As a result, aforementioned working assumption should be confirmed.
Proposal 4:  Confirm the working assumption targeting the DMRS port combinations of eType1 DMRS with maxLength=1 for 2 CWs.

1.1.3 DMRS port combinations enabling MU-MIMO between Rel.15 and Rel.18 DMRS ports
As discussed in section 2.3, MU-MIMO between Rel.15 and Rel.18 DMRS port(s) within one CDM group should be supported to improve the MU scheduling flexibility and the efficiency of spectrum resource utilization, while the channel estimation performance of Rel.15 DMRS ports should be furthest guaranteed. One candidate alternative meeting aforementioned requirement is to ensure the orthogonality of length-2 FD-OCC between co-scheduled Rel.15 and Rel.18 DMRS ports by allocating proper DMRS port combinations, which may call for new DMRS port combination design facing different layer combinations. 
For example, assuming one Rel.18 UE using eType1 DMRS ports and another Rel.18 UE using Type1 DMRS ports are co-scheduled, the rank of which are respectively 2 and 1, considering that no Type1 DMRS port can keep orthogonal (in terms of length-2 FD-OCC) to any rank-2 eType1 DMRS port combinations in Table 1, the DMRS ports of these two UEs can only be multiplexed by FDM (i.e., using different CDM groups). However, with the assistance of the DMRS port combination in Table 2, their DMRS ports can be multiplexed within one CDM group (e.g., {0}+{1, 9}), which improves the scheduling flexibility and/or spectrum efficiency without harming the performance of Type1 DMRS port.
Table 2. Example of DMRS port combinations enabling MU-MIMO between Rel.15 and Rel.18 DMRS ports
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	n1
	1
	1,9

	n2
	2
	1,9



Proposal 5: New DMRS port combinations enabling MU-MIMO between Rel.15 and Rel.18 DMRS ports within one CDM group while guaranteeing the performance of Rel.15 DMRS ports should be supported.  

UE feature for Rel.18 DMRS ports
Considering the higher channel estimation complexity brought by length-4-FD-OCC-based Rel.18 DMRS, the support of the combination of Rel.18 DMRS and other features with high timing requirement/channel estimation complexity should be enabled by separate UE features as below.
First, given that the PDSCH processing time capability defined in current spec., especially for the processing time capability 2 with tighter timing requirement, may not be enough for length-4-FD-OCC-based Rel.18 DMRS, a UE capability indicating the simultaneous support of Rel.18 DMRS and processing time capability 2 should be introduced.
Second, since the processing of 8Rx is more complicated than that of 4Rx, a UE capability indicating the simultaneous support of Rel.18 DMRS and 8Rx should be introduced.
Third, due to the high complexity of multi-CDM-group channel estimation, a UE capability indicating the simultaneous support of Rel.18 DMRS and cross-CDM-group DMRS port combination for rank=2~4 should be introduced. By similar logic, a UE capability indicating the simultaneous support of Rel.18 DMRS and single-DCI NCJT, the DMRS port combinations enabling which always take up 2 CDM groups, is also needed.
Besides the UE capabilities to be introduced above, to enable different DMRS-related capability reporting for Rel.15 and Rel.18 DMRS, several Rel.18-DMRS-related UE features similar to following Rel.15-DMRS-related ones should be introduced: FG 2-2-6a (oneFL-DMRS-TwoAdditionalDMRS-DL), FG 2-2-7 (twoFL-DMRS), FG 2-2-8 (twoFL-DMRS-TwoAdditionalDMRS-DL), FG 2-2-9 (oneFL-DMRS-ThreeAdditionalDMRS-DL) and FG 2-2-10 (supportedDMRS-TypeDL).
Proposal 6:  Following Rel.18-DMRS-related UE capabilities should be introduced:
· UE capability 1: indicate whether UE can simultaneously support Rel.18 DMRS and processing time capability 2.
· UE capability 2: indicate whether UE can simultaneously support Rel.18 DMRS and 8Rx.
· UE capability 3: indicate whether UE can simultaneously support Rel.18 DMRS and cross-CDM-group DMRS port combination.
· UE capability 4: indicate whether UE can simultaneously support Rel.18 DMRS and single-DCI NCJT.
· UE capabilities 5~9: introduce Rel.18-DMRS-related UE features similar to FG 2-2-6a, FG 2-2-7, FG 2-2-8, FG 2-2-9 and FG 2-2-10.

DMRS enhancement for 8TX UL operation
DMRS port indication for rank>4 PUSCH
In RAN1#111 meeting, it has been agreed to support new antenna ports tables for rank>4 for both single-symbol/double-symbol DMRS. The supported DMRS port combinations for Rel.15 and Rel.18 DMRS should be discussed firstly.
For Rel.15 DMRS ports, it has been agreed that the same DMRS port combination(s) as that for rank>4 PDSCH is reused at least for full- or non-coherent UL codebook. In terms of the partial-coherent codebook, considering the unclear technical benefit of supporting other DMRS port combinations as well as the spec. effort, the most straightforward and effective way is to reuse the same DMRS port combination(s) as that for rank>4 PDSCH to achieve unified design. 
Proposal 7: For Rel.15 DMRS ports, the same DMRS port combination(s) as that for PDSCH should be reused for partial-coherent codebook.

For Rel.18 DMRS ports, considering its stronger multiplexing capability compared with Rel.15 DMRS ports, less time-frequency resources (fewer OFDM symbols or CDM groups) are needed to support certain number of DMRS ports, which saves time-frequency resources for data transmission. To take full advantage of aforementioned property, the same DMRS port combination(s) as that for PDSCH should be reused for PUSCH, which also complies with Rel.15 principle. 
Proposal 8: For Rel.18 DMRS ports, the same DMRS port combination(s) as that for PDSCH should be reused for PUSCH.

Working Assumption
To support PUSCH with rank = 5-8, support the following for enhancement of DMRS port allocation tables.
· 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].
Another issue that needs to be discussed is whether the working assumption above should be confirmed. Actually, whether DMRS port combinations corresponding to different rank are indicated by a joint table or multiple independent tables depends on PUSCH rank indication method. For instance, for PUSCH transmission with rank4, TPMI and rank are jointly indicated by the “Precoding information and number of layers” field, and the DMRS port table corresponding to the indicated rank is selected; while for PUSCH transmission with rank>4, considering the relatively small number of DMRS port combinations, the indication of DMRS ports combination/rank/CW2-related information/PTRS-DMRS association can be jointly designed to minimize the DCI overhead. 
Proposal 9: The working assumption targeting DMRS port indication method for rank>4 PUSCH should be confirmed/reversed after the TPMI/TRI indication method is decided.
Proposal 10: For rank>4 PUSCH, the indication of DMRS port combination/rank/CW2-related information/PTRS-DMRS association can be jointly designed to minimize the DCI overhead.

PTRS-DMRS association
In current spec., at most 2 PTRS ports are supported for UL transmission with up to 4 DMRS ports, and the DCI overhead of PTRS-DMRS association field is 2 bits. With up to 8 DMRS ports for SU-MIMO PUSCH, the PTRS-DMRS association should be enhanced. In RAN1#112 meeting, the following agreement has been reached for full-coherent PUSCH transmission with one PTRS port:
Agreement
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.
· FFS: Association with 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 7.3.1.1.2-25B: 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



The agreed alternative has obvious advantage from the perspective of DCI overhead. Besides, simulation result has shown that the agreed alternative has dominating large probability to choose the layer with best channel quality.
In order to harvest similar overhead reduction benefit, two directions can be considered for partial/non-coherent PUSCH transmission. The first direction is reusing the same principle as that for full-coherent PUSCH transmission, which is associating the PTRS ports with the DMRS ports corresponding to the CW with higher MCS. Depending on the undecided TPMI and CW to layer mapping design, some additional rules may also be needed to help consummate the PTRS-DMRS association procedure.
The second direction is jointly designing the indication of PTRS-DMRS association and the indication of other information (e.g., DMRS port combination). Considering the relatively small number of DMRS port combinations for PUSCH transmission with rank>4, the potential redundant bits of antenna port field can be combined with PTRS-DMRS association field to maintain the association flexibility without incurring extra overhead.
Proposal 11: For two PTRS ports for partial/non-coherent PUSCH, support the size of PTRS-DMRS association field remains 2bit, while following directions can be considered:
· Associate the PTRS ports with the DMRS ports corresponding to the CW with higher MCS
· Jointly design the indication of PTRS-DMRS association and the indication of other information

PTRS power boosting
In RAN1#112 meeting, PTRS power boosting for 8Tx PUSCH has been discussed and the following FL proposal was provided. 
	FL proposal#3.4A:
· 
For 8Tx PUSCH, specify PUSCH to PTRS power ratio per layer per RE () based on the following principles.
· Principle 1: When the ptrs-Power configures 01, the PTRS to PUSCH power ratio is 10log10(L), where L is the total number of PUSCH layers.
· Principle 2: When the ptrs-Power configures 00, the PTRS to PUSCH power ratio is determined as the following
· Principle 2.1: For fully coherent TPMIs, PTRS to PUSCH power ratio is 10log10(L), where L is the total number of PUSCH layers.
· Principle 2.2: For noncoherent TPMIs, PTRS to PUSCH power ratio is 10log10(Qp), where Qp is the number of PTRS ports configured to the UE. 
· FFS:  the PTRS to PUSCH power ratio for partial coherent TPMIs 
· Send LS to RAN4 to inform that RAN1 made the above agreement and ask if any impact to PAPR when PTRS RE is 12 dB boosting over the PUSCH REs for L=8.




Table 3: Factor related to PUSCH to PT-RS power ratio per layer per RE 
	
[bookmark: MCCQCTEMPBM_00000115]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



According to the PTRS power ratio table in current spec. shown in Table 3, the PTRS power ratio has different design based on different values of higher-layer parameter ptrs-Power. 
When the ptrs-Power is configured as “01”, the PTRS power ratio only relates to the number of PUSCH layers and can be calculated as , where  denotes the PTRS power ratio and  denotes the number of PUSCH layers. 
When the ptrs-Power is configured as “01”, the PTRS power ratio is jointly determined by the PUSCH transmission mode (full/partial/non-coherent), the number of PUSCH layers and the number of PTRS ports. Specifically, for full-coherent PUSCH transmission, the PTRS power ratio only relates to the number of PUSCH layers, i.e. ; for non-coherent PUSCH transmission, the PTRS power ratio only relates to the number of PTRS ports and can be calculated as , where  denotes the number of PTRS ports; for partial-coherent PUSCH transmission, the PTRS power ratio relates to both the TPMI and the number of PTRS ports.
It is reasonable to reuse most of the current design for 8Tx PUSCH and extend the range of  as well as  (if supported). In terms of the PTRS power ratio for partial-coherent PUSCH transmission when ptrs-Power is configured as “01”, it can be decided after the TPMI design for 8Tx UL has been finished.
Proposal 12: For PTRS power boosting, support FL proposal#3.4A.

Conclusions
This contribution provides our views on the DMRS enhancement for larger number of orthogonal DMRS ports and 8TX UL operation. The following observations and proposals are made:
Observation 1: The probability of layer combination {3+3+2} being scheduled is relatively high, and can reach more than 1/3 among 8 MU pairing layers cases.  
Proposal 1: Rel.18 DMRS should inherit the low PAPR sequence design introduced in Rel.16, i.e., the DMRS sequence initialization based on   should be reused for Rel.18 DMRS.
Proposal 2: Support MAC-CE-based switching between different FD-OCC lengths.
Proposal 3: Support DMRS port combination {9, 11} for eType1 DMRS with maxLength=1 to facilitate flexible MU scheduling.
Proposal 4:  Confirm the working assumption targeting the DMRS port combinations of eType1 DMRS with maxLength=1 for 2 CWs.
Proposal 5: New DMRS port combinations enabling MU-MIMO between Rel.15 and Rel.18 DMRS ports within one CDM group while guaranteeing the performance of Rel.15 DMRS ports should be supported.
Proposal 6:  Following Rel.18-DMRS-related UE capabilities should be introduced:
· UE capability 1: indicate whether UE can simultaneously support Rel.18 DMRS and processing time capability 2.
· UE capability 2: indicate whether UE can simultaneously support Rel.18 DMRS and 8Rx.
· UE capability 3: indicate whether UE can simultaneously support Rel.18 DMRS and cross-CDM-group DMRS port combination.
· UE capability 4: indicate whether UE can simultaneously support Rel.18 DMRS and single-DCI NCJT.
· UE capabilities 5~9: introduce Rel.18-DMRS-related UE features similar to FG 2-2-6a, FG 2-2-7, FG 2-2-8, FG 2-2-9 and FG 2-2-10.
Proposal 7: For Rel.15 DMRS ports, the same DMRS port combination(s) as that for PDSCH should be reused for partial-coherent codebook.
Proposal 8: For Rel.18 DMRS ports, the same DMRS port combination(s) as that for PDSCH should be reused for PUSCH.
Proposal 9: The working assumption targeting DMRS port indication method for rank>4 PUSCH should be confirmed/reversed after the TPMI/TRI indication method is decided.e
Proposal 10: For rank>4 PUSCH, the indication of DMRS port combination/rank/CW2-related information/PTRS-DMRS association can be jointly designed to minimize the DCI overhead.
Proposal 11: For two PTRS ports for partial/non-coherent PUSCH, support the size of PTRS-DMRS association field remains 2bit, while following directions can be considered:
· Associate the PTRS ports with the DMRS ports corresponding to the CW with higher MCS
· Jointly design the indication of PTRS-DMRS association and the indication of other information
Proposal 12: For PTRS power boosting, support FL proposal#3.4A.

Appendix
Appendix A: System level simulation parameters
Table 5-1 Simulation assumptions of SLS for DMRS enhancement 
	Parameter
	Value

	Duplex, Waveform
	TDD, OFDM

	Carrier Frequency
	3.5G

	Channel Model
	According to the TR 38.901

	Scenario
	Uma with 200 m ISD

	Antenna setup and port layouts at gNB
	(M, N, P, Mg, Ng; Mp, Np) =
 (8,8,2,1,1,4,8), (dH, dV) = (0.5, 0.8) 

	Antenna setup and port layouts at UE
	(M, N, P, Mg, Ng; Mp, Np) =
 (4,1,2,1,1,4,1), (dH, dV) = (0.5, 0.5) 

	BS Tx power
	44 dBm

	BS antenna height
	25m

	BS receiver noise figure
	5dB

	UE Tx power
	23 dBm

	UE receiver noise figure
	7dB

	Numerology
	14 OFDM symbol per slot, 30kHz SCS

	Modulation 
	up to 256QAM

	Bandwidth
	20 MHz

	MIMO scheme
	MU-MIMO with rank adaptation
Maximum rank = 8 per UE 

	Traffic model
	FTP model 3 with packet size 0.5 Mbytes.

	Traffic load (Resource utilization)
	70%

	UE distribution
	80% indoor (3km/h), 20% outdoor (30km/h) 

	BS receiver
	MMSE-IRC

	Network Layout
	7*3 cell, 10 UE pre cell

	SRS channel estimation
	Ideal channel estimation

	UL DMRS channel estimation 
	Ideal channel estimation
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