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1 Introduction

In RAN1#110 meeting [1], the following agreements were made for increased number of orthogonal DMRS ports.

	Working Assumption

To increase the number of DMRS ports for PDSCH/PUSCH, support at least Opt.1 (introduce larger FD-OCC length than Rel.15 (e.g. 4 or 6)).

· FFS: FD-OCC length for Rel.18 DMRS type 1 and type 2.

· FFS: Whether it is needed to handle potential performance issues of Opt 1. For example, study if there is performance loss in case of large delay spread scenario. If needed, how (e.g. additionally support other options).
 Agreement
For enhanced FD-OCC length for DMRS of PDSCH/PUSCH, support the following FD-OCC length:

· For Rel.18 DMRS type 1, down select from the following in RAN1#110bis-e:

· Opt.1-1: Length 6 FD-OCC is applied to 6 REs of DMRS within a PRB within an CDM group

· Opt.1-2: Length 4 FD-OCC is applied to 4 REs of DMRS within a PRB or across consecutive PRBs within an CDM group

· For Rel.18 DMRS type 2:

· Length 4 FD-OCC is applied to 4 REs of DMRS within a PRB within an CDM group

· FFS: Support of length 6 FD-OCC

 
Agreement

Support MU-MIMO between Rel.15 DMRS ports and Rel.18 DMRS ports.

· For MU-MIMO by different CDM groups, no MU-MIMO scheduling restriction of PUSCH/PDSCH (i.e. MU-MIMO between Rel.15 UE and Rel.18 UE is allowed).

· For MU-MIMO within a CDM group, study whether and how to support MU-MIMO between Rel.15 DMRS ports and Rel.18 DMRS ports for PDSCH.

· Note: the study includes MU-MIMO between Rel.15 UE and Rel.18 UE, and between Rel.18 UEs.

· Note: PUSCH above is CP-OFDM waveform.

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.
Agreement

For increased DMRS ports for enhanced FD-OCC, study whether/how to support DCI based switching between DMRS port(s) associated with length 2 FD-OCC and DMRS port(s) associated with length M FD-OCC (where M > 2).
Agreement

For > 4 layers PUSCH, support rank = 5,6,7,8 for both DMRS type 1/2, and for both single-symbol/double-symbol DMRS.


In this contribution, we share our views on increasing number of orthogonal DMRS ports and DMRS enhancement for 8 TX UL transmission.
2 Schemes for increasing the number of DMRS ports 
In RAN1#110 meeting, FD-OCC based enhancement has been made as a working assumption to increase the number of DMRS ports. For R15 DMRS design, length-2 FD-OCC is used in both Type I DMRS and Type II DMRS. To double the maximum number of orthogonal ports, both length-4 FD-OCC and length-6 FD-OCC have been proposed for Type I DMRS. The examples of length-4 FD-OCC and length-6 FD-OCC applied for 1-symbol Type I DMRS within a PRB are shown in Fig.1
[image: image1.png]length-6 FD-OCC

length-4 FD-OCC

length-4 FD-OCC




Fig. 1 FD-OCC enhancement for Type I DMRS

For Type I DMRS, each port occupies 6 REs within a PRB. Length-6 FD-OCC can be applied to each DMRS port within a PRB. For length-4 FD-OCC, two length-4 FD-OCC estimations can be applied within a PRB, and the middle two REs will be involved in two different channel estimations. Another way is to apply three length-4 FD-OCC estimations across two consecutive PRBs, but it will restrict the gNB to only schedule even number of PRBs for PDSCH/ PUSCH. 
For Type II DMRS, each port occupies 4 REs within a PRB. Length-4 FD-OCC can be applied to each DMRS port within a PRB. The example of length-4 FD-OCC applied for 1-symbol Type II DMRS within a PRB is shown in Fig.2. For 2-symbol DMRS pattern, the same enhancement can be used.
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Fig. 2 FD-OCC enhancement for Type II DMRS

Either for length-4 FD-OCC or length-6 FD-OCC enhancement, how to support MU-MIMO between Rel.15 DMRS ports and Rel.18 DMRS ports should be considered. In RAN1#110 meeting, it has been agreed to support MU-MIMO by different CDM groups with no MU-MIMO scheduling restriction, but whether and how to support MU-MIMO by using the DMRS ports within a CDM group has not been decided. In our view, this issue is related to the OCC length. The motivation for the enhancement is to provide the doubled number of orthogonal DMRS ports. And the following agreement has been made in RAN1#109-e meeting [2].

	 Agreement
The maximum number of enhanced DMRS ports in Rel.18 is doubled from Rel.15 DMRS ports: 
· For DMRS type 1, the max. number of enhanced DMRS ports in Rel.18 for PDSCH/PUSCH is 

· Single symbol DMRS: 8 DMRS ports. 

· Double symbol DMRS: 16 DMRS ports. 

· For DMRS type 2, the max. number of enhanced DMRS ports in Rel.18 for PDSCH/PUSCH is 

· Single symbol DMRS: 12 DMRS ports. 

· Double symbol DMRS: 24 DMRS ports. 


For length-4 FD-OCC, assuming the cover codes are [+1 +1 +1 +1], [+1 -1 +1 -1], [+1 +1 -1 -1], [+1 -1 -1 +1]. For Rel-15 DMRS ports, the cover codes are [+1 +1], [+1 -1]. If DMRS port with cover code [+1 +1] is used by the Rel-15 UE, the Rel-18 DMRS port with cover code [+1 -1 +1 -1] or [+1 -1 -1 +1] within the same group can be used to support MU-MIMO. But the Rel-18 DMRS port with cover code [+1 +1 -1 -1] will cause interference to Rel-15 DMRS port with cover code [+1 +1] within the same CDM group, and hence such kind of scheduling should be avoided for MU-MIMO. In this case, the maximum number of orthogonal DMRS ports can be used will be decreased. To solve this issue, length-6 FD-OCC can be used for Type-I DMRS. As show in Fig.3, length-6 FD-OCC is applied to 6 REs of DMRS within a PRB within an CDM group. The cover code can be designed based on the DFT matrix. For CDM group 0, port 0 and port 1 are currently supported ports, while port 8/9/10/11 are newly introduced DMRS ports for 1 symbol Type-1 DMRS. The same situation exists for CDM group 1.
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Fig. 3 Length-6 FD-OCC for 1 symbol Type-1 DMRS

If only Rel-18 DMRS ports are used for MU-MIMO, only four ports would be used in each CDM group. For example, the 8 orthogonal DMRS ports consist of port 0/1/8/9 within CDM group 0 and port 2/3/12/13 within CDM group 1. If Rel-15 DMRS ports and Rel-18 DMRS are multiplexed for MU-MIMO, the 6 orthogonal Rel-18 DMRS ports within CDM group different from that of the Rel-15 DMRS ports can be used. As an example, port 0 and port 1within CDM group 0 can be used as Rel-15 DMRS ports, and port 2/3/12/13/14/15 within CDM group 1 can be multiplexed with port 0 and port 1. In this case, for MU-MIMO between Rel-18 DMRS ports, port 0/1/8/9/2/3/12/13 will be used, and for MU-MIMO between Rel-15 DMRS ports and Rel-18 ports, port 0/1/2/3/12/13/14/15 or port 0/1/8/9/10/11/2/3 will be used. For all the cases, the maximum number of orthogonal DMRS ports can be doubled from Rel-15 Type-I DMRS. From the above discussion, we think for Type-I DMRS enhancement, length-6 FD-OCC can achieve better multiplexing capability than length-4 FD-OCC when supporting MU-MIMO between Rel-15 DMRS ports and Rel-18 ports.
Proposal 1: For enhanced FD-OCC length for DMRS of PDSCH/PUSCH, support the following FD-OCC length:

-
For Rel-18 DMRS type 1, length 6 FD-OCC is applied to 6 REs of DMRS within a PRB within an CDM group
-
For Rel-18 DMRS type 2, length 4 FD-OCC is applied to 4 REs of DMRS within a PRB within an CDM group

3 DMRS enhancement for 8 TX UL transmission
3.1 Rel.15/18 DMRS ports for >4 layers PUSCH

Support up to 24 orthogonal DMRS ports for downlink and uplink is discussing in Rel-18. On one hand, supporting larger number of orthogonal DMRS ports is benefit for MU-MIMO of 8 TX UE; on the other hand, to consider the specification integrity and forward compatibility, if UE supports Rel-18 DMRS, Rel-18 DMRS ports can be used for more than 4 layers SU-MIMO PUSCH, where whether RRC-configuration or DCI-indication may depend on the outcome of Rel-18 DMRS discussion.
Proposal 2: Support utilizing Rel.15 DMRS ports or Rel.18 enhanced DMRS ports depending on RRC-configuration, DCI-indication, and/or UE capability.
3.2 Antenna port indication table for >4 layers PUSCH

In Rel-15, up to 4 layers transmission are supported for UL with maximum 4 DMRS antenna ports indication in DCI. To enable 8 TX UL operation to support up to 8 layers UL transmission, maximum 8 DMRS antenna ports indication should be supported in DCI. In Rel-15, maximum 8 DMRS antenna ports indication has been supported for DL, which can be used as a starting point for UL DMRS antenna ports indication design. For less than or equal to 4 layers UL transmission, current DMRS port indication can be reused without additional enhancement. For larger than 4 layers UL transmission, the available DMRS ports combination for DL can be reused for UL.

Proposal 3: For larger than 4 layers UL transmission, same DMRS port combinations as that for rank = 5,6,7,8 for PDSCH are reused
3.3 PTRS-DMRS association

In Rel-15, if a UE has reported the capability of supporting full-coherent UL transmission, the UE shall expect the number of UL PT-RS ports to be configured as one. For partial-coherent and non-coherent codebook based UL transmission, the actual number of UL PT-RS port(s) is determined based on TPMI and/or number of layers as: PUSCH antenna port 1000 and 1002 in indicated TPMI share PT-RS port 0, and PUSCH antenna port 1001 and 1003 in indicated TPMI share PT-RS port 1. For codebook or non-codebook UL transmission scheduled by DCI format 0_1, the association between UL PT-RS port(s) and DM-RS port(s) is signalled by PTRS-DMRS association field in DCI format 0_1. In Rel-17, for M-TRP PUSCH repetition, when maxRank=2, the number of bits for the indication of PTRS-DMRS association is the same as Rel-15/16, MSB and LSB separately indicating the association between PT-RS port and DMRS port for two TRPs. When maxRank>2, a second PTRS-DMRS association field (similar to the existing field) is added in DCI format 0_1, and each field separately indicating the association between PT-RS port and DMRS port for two TRPs.
To support up to 8 layers UL transmission, PTRS-DMRS association should be enhanced to indicate the PT-RS port association with up to 8 DMRS ports. 

· For full-coherent UE, the UE shall expect the number of UL PT-RS ports to be configured as one. As shown in Table 1, 3 bits of PTRS-DMRS association field is needed to indicate the association between PT-RS port 0 and up to 8 DMRS port. 

· For partial-coherent and non-coherent UE, if four antenna groups are assumed for UE’s antenna layouts, where each group comprises coherent antennas, and across groups, antennas are non-coherent, the maximal PT-RS ports to be configured is 4. For codebook based UL transmission, the actual number of UL PT-RS port(s) is determined based on TPMI and/or number of layers as: PUSCH antenna port 1000 and 1004 in indicated TPMI share PT-RS port 0, and PUSCH antenna port 1001 and 1005 in indicated TPMI share PT-RS port 1, PUSCH antenna port 1002 and 1006 in indicated TPMI share PT-RS port 2, and PUSCH antenna port 1003 and 1007 in indicated TPMI share PT-RS port 3. As shown in Table 2, 4 bits of PTRS-DMRS association field is needed to indicate the association between PT-RS port and DMRS port pair. If two antenna groups are assumed for UE’s antenna layouts, the maximal PT-RS ports to be configured is 2, and the actual number of UL PT-RS port(s) is determined based on TPMI and/or number of layers as: PUSCH antenna port 1000, 1002, 1004 and 1006 in indicated TPMI share PT-RS port 0, and PUSCH antenna port 1001, 1003, 1005 and 1007 in indicated TPMI share PT-RS port 1. As shown in Table 3, 4 bits of PTRS-DMRS association field is needed to indicate the association between PT-RS port and DMRS port pair. For non-codebook based UL transmission, the actual number of UL PT-RS port(s) to transmit is determined based on SRI(s) in DCI format 0_1 or higher layer parameter sri-ResourceIndicator in rrc-ConfiguredUplinkGrant.
Table 1: 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


Table 2: PTRS-DMRS association for UL PTRS ports 0, 1, 2 and 3

	Value of lowest bit
	DMRS port
	
	Value of the third bit
	DMRS port

	0
	1st DMRS port which shares PTRS port 0
	
	0
	1st DMRS port which shares PTRS port 1

	1
	2nd DMRS port which shares PTRS port 0
	
	1
	2nd DMRS port which shares PTRS port 1

	Value of second
	DMRS port
	
	Value of first bit
	DMRS port

	0
	1st DMRS port which shares PTRS port 0
	
	0
	1st DMRS port which shares PTRS port 1

	1
	2nd DMRS port which shares PTRS port 0
	
	1
	2nd DMRS port which shares PTRS port 1


Table 3: PTRS-DMRS association for UL PTRS ports 0 and 1

	Value of MSB
	DMRS port
	
	Value of LSB
	DMRS port

	0
	1st DMRS port which shares PTRS port 0
	
	0
	1st DMRS port which shares PTRS port 1

	1
	2nd DMRS port which shares PTRS port 0
	
	1
	2nd DMRS port which shares PTRS port 1

	2
	3rd DMRS port which shares PTRS port 0
	
	2
	3rd DMRS port which shares PTRS port 1

	3
	4th DMRS port which shares PTRS port 0
	
	3
	4th DMRS port which shares PTRS port 1


For PUSCH scheduled by DCI format 0_0 or by activation DCI format 0_0, for PUSCH corresponding to a configured grant Type 1 transmission, Rel-15 procedure can be reused without further enhancement.

Proposal 4: For full-coherent UE, the PT-RS ports to be configured is 1. 3 bits of PTRS-DMRS association field is needed to indicate the association between PT-RS port 0 and up to 8 DMRS port. 
Proposal 5: For partial-coherent and non-coherent UE, if four antenna groups are assumed for UE’s antenna layouts, the maximal PT-RS ports to be configured is 4, and if two antenna groups are assumed, the maximal PT-RS ports to be configured is 2. 4 bits of PTRS-DMRS association field is needed to indicate the association between PT-RS port and DMRS port pair.
4 Conclusion

In this contribution, we share our views on increasing number of orthogonal DMRS ports. The proposals are summarised as follows:
Proposal 1: For enhanced FD-OCC length for DMRS of PDSCH/PUSCH, support the following FD-OCC length:

-
For Rel-18 DMRS type 1, length 6 FD-OCC is applied to 6 REs of DMRS within a PRB within an CDM group
-
For Rel-18 DMRS type 2, length 4 FD-OCC is applied to 4 REs of DMRS within a PRB within an CDM group
Proposal 2: Support utilizing Rel.15 DMRS ports or Rel.18 enhanced DMRS ports depending on RRC-configuration, DCI-indication, and/or UE capability.
Proposal 3: For larger than 4 layers UL transmission, same DMRS port combinations as that for rank = 5,6,7,8 for PDSCH are reused
Proposal 4: For full-coherent UE, the PT-RS ports to be configured is 1. 3 bits of PTRS-DMRS association field is needed to indicate the association between PT-RS port 0 and up to 8 DMRS port. 
Proposal 5: For partial-coherent and non-coherent UE, if four antenna groups are assumed for UE’s antenna layouts, the maximal PT-RS ports to be configured is 4, and if two antenna groups are assumed, the maximal PT-RS ports to be configured is 2. 4 bits of PTRS-DMRS association field is needed to indicate the association between PT-RS port and DMRS port pair.
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