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Introduction
In current NR, for CP-OFDM waveform, we have symmetric DMRS design for both PDSCH and PUSCH. We support two types of DMRS, DMRS configuration type 1 and DMRS configuration type 2
· To support up to 12 ports DMRS, the basic design unit of DMRS is CDM group 
· In frequency domain, each CDM group employs 2 REs. With FD-OCC 2, it can create two orthogonal ports in the frequency domain 
· In time domain, each CDM group employ either 1 or 2 symbols. When CDM group employs two symbols, TD-OCC 2 is used to create two orthogonal ports in the time domain 
· As results 
· With 1 symbol, each CDM group can support 2 orthogonal ports 
· With 2 symbols, each CDM group can support 4 orthogonal ports  
· For DMRS configuration type 1, it contains two CDM groups 
· Support up to 4 ports for single symbol DMRS
· Support up to 8 ports for two symbol DMRS
· For DMRS configuration type 2, it contains three CDM groups 
· Support up to 6 ports for single symbol DMRS
· Support up to 12 ports for two symbol DMRS
Figure below illustrates the CDM group arrangement for both DMRS type 1 and DMRS type 2. 
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Figure 1 the CDM group arrangement for both DMRS type 1 and DMRS type 2
In Rel-18, as part of the approved WID in RP-213598 [1], the following objective is considered for DMRS enhancement 
	3. Study, and if justified, specify larger number of orthogonal DMRS ports for downlink and uplink MU-MIMO (without increasing the DM-RS overhead), only for CP-OFDM,
· Striving for a common design between DL and UL DMRS
· Up to 24 orthogonal DM-RS ports, where for each applicable DMRS type, the maximum number of orthogonal ports is doubled for both single- and double-symbol DMRS



In last RAN1 meeting #110b-e [2], the following agreement/conclusion were reached regarding increased number of orthogonal DMRS ports. 
	Conclusion
· For discussion purpose, definition of Rel.15 DMRS ports and Rel-18 DMRS ports are:
· Rel.15 Type 1/Type 2 DMRS ports: DMRS ports with FD-OCC length =2.
· Rel.18 eType 1/eType 2 DMRS ports: DMRS ports with FD-OCC length >2.
· Following figure as an example shows difference between Rel.15 Type 1 DMRS ports and Rel.18 eType 1 DMRS ports.
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Agreement 
For more than 4 layers SU-MIMO PUSCH, support
· Both Rel.15 Type 1/Type 2 DMRS ports and Rel.18 eType 1/eType 2 DMRS ports. 
· For UE supporting Rel.18 eType 1/eType 2 DMRS ports, UE can be indicated with either of Rel.15 Type 1/Type 2 DMRS ports or Rel.18 eType 1/eType 2 DMRS ports.
· RRC based indication is supported as the baseline. FFS whether DCI based indication is further needed.
· For UE not supporting Rel.18 eType 1/eType 2 DMRS ports, UE can be indicated with Rel.15 Type 1/Type 2 DMRS ports only.

Agreement
For enhanced FD-OCC length for DMRS of PDSCH/PUSCH for Rel.18 eType 1 DMRS, support
· 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

Agreement
Confirm the working assumption in RAN1#110 with the following update: 
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 FD-OCC length 4 for DMRS of PDSCH/PUSCH for Rel.18 eType 1/eType 2 DMRS, support one from the following FD-OCCs (to be selected in RAN1#111): 
· Opt.1-1: Walsh matrix (Hadamard code): 
	FD-OCC index 
	wf(0) 
	wf(1) 
	wf(2) 
	wf(3) 

	0 
	+1 
	+1 
	+1 
	+1 

	1 
	+1 
	-1 
	+1 
	-1 

	2 
	+1 
	+1 
	-1 
	-1 

	3 
	+1 
	-1 
	-1 
	+1 


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

	0 
	+1 
	+1 
	+1 
	+1 

	1 
	+1 
	-1 
	+1 
	-1 

	2 
	+1 
	+j 
	-1 
	-j 

	3 
	+1 
	-j 
	-1 
	+j 




Agreement
For Rel.18 eType 1/eType 2 DMRS ports of PDSCH/PUSCH with FD-OCC length 4, association between DMRS port indexes, CDM group index, FD-OCC index, and TD-OCC index (across consecutive DMRS symbols, if any) are determined by the following Table 1 and Table 2. 
· The p in Table 1 and Table 2 corresponds to DMRS port index for PUSCH.  
· DMRS port index for PDSCH is determined by p +1000 in Table 1 and Table 2. 
Table 1. Rel.18 eType 1 DMRS ports for PUSCH 
	p 
	CDM group index 
	FD-OCC index 
	TD-OCC index 

	0 
	0 
	0 
	0 

	1 
	0 
	1 
	0 

	2 
	1 
	0 
	0 

	3 
	1 
	1 
	0 

	4 
	0 
	0 
	1 

	5 
	0 
	1 
	1 

	6 
	1 
	0 
	1 

	7 
	1 
	1 
	1 

	8 
	0 
	2 
	0 

	9 
	0 
	3 
	0 

	10 
	1 
	2 
	0 

	11 
	1 
	3 
	0 

	12 
	0 
	2 
	1 

	13 
	0 
	3 
	1 

	14 
	1 
	2 
	1 

	15 
	1 
	3 
	1 


 
Table 2. Rel.18 eType 2 DMRS ports for PUSCH 
	p 
	CDM group index 
	FD-OCC index 
	TD-OCC index 

	0 
	0 
	0 
	0 

	1 
	0 
	1 
	0 

	2 
	1 
	0 
	0 

	3 
	1 
	1 
	0 

	4 
	2 
	0 
	0 

	5 
	2 
	1 
	0 

	6 
	0 
	0 
	1 

	7 
	0 
	1 
	1 

	8 
	1 
	0 
	1 

	9 
	1 
	1 
	1 

	10 
	2 
	0 
	1 

	11 
	2 
	1 
	1 

	12 
	0 
	2 
	0 

	13 
	0 
	3 
	0 

	14 
	1 
	2 
	0 

	15 
	1 
	3 
	0 

	16 
	2 
	2 
	0 

	17 
	2 
	3 
	0 

	18 
	0 
	2 
	1 

	19 
	0 
	3 
	1 

	20 
	1 
	2 
	1 

	21 
	1 
	3 
	1 

	22 
	2 
	2 
	1 

	23 
	2 
	3 
	1 



Agreement
For FD-OCC length 4 in Rel.18 eType 1 DMRS for PDSCH, support the following: 
· Introduce UE capability to report whether UE can be scheduled PDSCH without the scheduling restriction for FD-OCC length 4 in Rel.18 eType 1 DMRS. 
· If this capability is not supported by the UE, UE expects that gNB shall apply the scheduling restriction for PDSCH for FD-OCC length 4 in Rel.18 eType 1 DMRS.
· The scheduling restriction above means satisfying all of the following at least for other than M-TRP PDSCH transmission with FDM 2a or FDM 2b scheme. 
· 1) The number of consecutively scheduled PRBs for PDSCH is even.
· 2) The number of PRBs offset of scheduled PDSCH from point A (common resource block 0) is even.
· 3) FFS: Restriction on scheduling of different UEs in case of MU-MIMO.
· FFS: Scheduling restriction for M-TRP PDSCH transmission with FDM 2a or FDM 2b scheme.
· Note1: Up to UE how to implement DMRS channel estimation.
· Note2: No further RAN1 specification enhancement is introduced to handle the orphan REs (e.g. if the total number of REs of DMRS in a CDM group is not multiples of 4, how to handle the remainder of REs) for UE that is scheduled PDSCH without the scheduling restriction.
· Note 3: Other scheduling restrictions, if identified in future meetings, are not precluded.

Conclusion
For FD-OCC length 4 in Rel.18 eType 1 DMRS for PUSCH,  
· No spec. enhancement is needed to handle orphan RE issue (e.g. if the total number of REs of DMRS in a CDM group is not multiples of 4, how to handle the remainder of REs), because gNB (receiver) can decide whether the scheduling restriction is needed or not. 



In contribution, we provide our views on how to increase (double) the maximum number of DMRS ports for both PDSCH and PUSCH for CP-OFDM waveform 
FD-OCC design
In last RAN1 meeting RAN1#110b-e, we agreed to use FD-OCC length of 4 to double the number of DMRS ports. To make the FD-OCC length of 4 design compatible with FD-OCC length of 2 to allow gNB to schedule Rel-18 UE together with legacy UE, it is preferable to concatenate REs of two adjacent FD-OCC length 2 of the same CDM group to create a FD-OCC length 4 CDM group, illustrated by the following figure
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Figure 2 FD-OCC length 4 pattern
Proposal 1.1, For length 4 FD-OCC, support concatenation REs of two adjacent FD-OCC length 2 of the same CDM group to create a FD-OCC length 4 CDM group.

Next, in terms of the code used for length 4 FD-OCC, we need to choose between Hadamard code and DFT code. It is important to note that, for CSI-RS, current specification already uses Hadamard code for length 4 OCC to support up to 32 ports CSI-RS, therefore, at least for DL DMRS, we shall use Hadamard code for length 4 OCC code.
Proposal 1.2, For length 4 FD-OCC, support Hadamard code at least for DL DMRS.

Proposal 1.3, Do not 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).
PTRS to DMRS enhancement
In the current specification, we only support up to 2 port PTRS, the 2 bits “PTRS-DMRS association” field is supported in DCI. The current design supports up to 2 independent phase noise and up to 4-layer PUSCH transmission, for example. 4 Tx partial coherent codebook operation with two panels (port groups). In Rel-18, it was agreed to support 8 Tx UL operation, we need to consider the following agreed antenna architecture
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If we assume each antenna port group has its own independent phase noise in the worst case, and if we support up to 8 Tx UL partial-coherent operation over 4 port groups (panels) with up to 8 layers, we need the following
· 4 port PTRS 
· 4 bit “PTRS-DMRS association” field in DCI

Proposal 1.4, To support 8 Tx UL operation, support 4 port PTRS and 4 bit “PTRS-DMRS association” field in DCI
Conclusion
In contribution, we provide our views on how to increase (double) the maximum number of DMRS ports for PDSCH/PUSCH for CP-OFDM waveform. We have the following proposals
Proposal 1.1, For length 4 FD-OCC, support concatenation REs of two adjacent FD-OCC length 2 of the same CDM group to create a FD-OCC length 4 CDM group.

Proposal 1.2, For length 4 FD-OCC, support Hadamard code at least for DL DMRS.

Proposal 1.3, Do not 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).

Proposal 1.4, To support 8 Tx UL operation, support 4 port PTRS and 4 bit “PTRS-DMRS association” field in DCI.
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