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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#110bis-e meeting, the DMRS design for increasing the maximum number of DMRS ports has been agreed as follows [1]:
	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 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
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.


For the DMRS enhancement of 8Tx UL, it has been agreed at RAN1#110bis-e that [1]:
	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.


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
DMRS sequence design for Opt.1
In RAN1#110bis-e meeting, the WA that supporting Opt.1 (introduce larger FD-OCC length than Rel.15) to increase the number of DMRS ports for PDSCH/PUSCH has been confirmed. As shown in Figure 1, where 1RB with 12 subcarriers and 2-symbol DMRS are chosen as an example, the Rel.15 DMRS ports in a specific CDM group are presented in green on the left side, and the Rel.18 DMRS ports based on Opt.1 in the same CDM group are presented in pink on the right side. For each CDM group, maximum of 8 Rel.18 DMRS ports are multiplexed on the same time-frequency resource through OCC , which is formed by the Kronecker product of the length-2 TD-OCC represented by  and the length-4 FD-OCC represented by , i.e., . The OCC  corresponding to different DMRS ports should be mutually orthogonal.


[image: ]
Figure 1. Illustration of Rel.18 DMRS design based on Opt.1 (FD-OCC enhancement)
It is noted that a length-4 FD-OCC   can be split into two length-2 FD-OCC subsequences, i.e., and . For the ease of description, the length-2 FD-OCC subsequence is denoted as inner FD-OCC, and the sequence formed by the Kronecker product of length-1/length-2 TD-OCC (for 1-symbol and 2-symbol DMRS, respectively) and inner FD-OCC is denoted as inner code in the contribution. For example, the inner code 1 shown in Figure 1 is defined as .
For the sake of simplicity, the legacy DMRS port(s) is used to refer to the first half of Rel.18 DMRS port(s) and the expanded DMRS port(s) is used to refer to the second half of Rel.18 DMRS port(s). The definition of these terms are further clarified in Table 1.

Table 1. The definition of legacy DMRS ports and expanded DMRS ports
	DMRS Type
	Categorization
	Rel.18 DMRS port index

	Type1 DMRS
	Legacy DMRS port(s)
	Port 0~7

	
	Expanded DMRS port(s)
	Port 8~15

	Type2 DMRS
	Legacy DMRS port(s)
	Port 0~11

	
	Expanded DMRS port(s)
	Port 12~23



1.1.1 FD/TD-OCC design for Rel.18 DMRS
The orthogonality between DMRS ports is one of the most important factors that will influence the system performance. Unfortunately, the orthogonality is more likely to be broken in practical system due to the increase of FD-OCC length of Rel.18 DMRS ports.
Compared to the Rel.15 DMRS ports, the length of FD-OCC is increased from 2 to 4 for Rel.18 DMRS ports, which brings higher sensitivity to the frequency selectivity of channel. Specifically, the orthogonality between different Rel.18 DMRS ports is ensured by the length-4 FD-OCC and length-2 TD-OCC, which requests the frequency response and time-varying property of channel is relatively flat. Regarding the flatness requirement of frequency response, which is the principal contradiction, it requests the frequency-domain channel to be almost flat among up to 7 and 8 subcarriers for Type 1 and Type 2 DMRS, respectively. This certainly cannot be guaranteed considering the potential large delay spread and TA residual in practical system. The variation tendency of the frequency response of channel under large delay spread is shown in Figure 2, where CDL-B channel model with delay spread of 600ns is chosen as an example. It can be seen that the frequency response of channel varies violently even within one RB, which does not fulfill the flatness requirement and will lead to interference between DMRS ports. As the delay spread increases, it can be expected that the interference between DMRS ports will become more severe. In terms of the TA residual in practical system, it will incur additional linear phase variation in the frequency response of estimated channel, which will also cause interference between DMRS ports. 
   [image: ]      [image: ]
Figure 2. Amplitude and phase change of frequency channel response in PRG=4RB

Furthermore, the orthogonality mentioned above holds over 4 consecutively occupied subcarriers, which means the Rel.15 and Rel.18 DMRS ports may not keep mutually orthogonal over 2 consecutively occupied subcarriers. Specifically, within two consecutive subcarriers corresponding to a CDM group, the FD-OCC of Rel.18 DMRS is equivalently degenerated into two length-2 inner FD-OCC as described in section 2.1, i.e., and . However, since all the orthogonal dimensions have been exhausted by the Rel.15 DMRS ports with length-2 FD-OCC, it’s impossible for the Rel.18 DMRS ports to keep orthogonality with all Rel.15 DMRS ports. This non-orthogonality may cause severe performance degradation under MU-MIMO scheduling between Rel.15 UEs (using Rel.15 DMRS ports) and Rel.18 UEs (using Rel.18 DMRS ports) as shown in Figure 3. In this case the decoding of Rel.15 DMRS ports may suffer from the severe interference incurred by Rel.18 DMRS ports considering the limited length-2 FD-OCC decoding capability of Rel.15 UEs, which prevents the Rel.15 UEs from obtaining good DMRS channel estimation performance, i.e., incurs compatibility issue.
[image: ]
Figure 3. Illustration of DMRS channel estimation for MU-MIMO scheduled Rel.15 UE and Rel.18 UE (Type 2 DMRS)

Observation 1: The increase of FD-OCC length incurs higher sensitivity to the frequency selectivity and compatibility issue, which destroys the orthogonality between DMRS ports and brings interference.
To mitigate the performance deterioration caused by interference between DMRS ports in practical system (e.g., large delay spread, MU-MIMO scheduling between Rel.15 UEs and Rel.18 UEs), the OCC of Rel.18 DMRS ports needs to be carefully designed. As discussed in [3], the proposed physical resources mapping and OCC design for Rel.18 DMRS ports is given as follows:





where and are the FD-OCC and TD-OCC, respectively. , . The OCC design are shown in the tables below.

Table 2. Cover code for PDSCH DM-RS configuration Type 1
	
	 
	
	
	

	
	
	
	
	
	
	
	
	

	1000
	0
	0
	+1
	+1
	+1
	+1
	+1
	+1

	1001
	0
	0
	+1
	-1
	+1
	-1
	+1
	+1

	1002
	1
	1
	+1
	+1
	+1
	+1
	+1
	+1

	1003
	1
	1
	+1
	-1
	+1
	-1
	+1
	+1

	1004
	0
	0
	+1
	+1
	+1
	+1
	+1
	-1

	1005
	0
	0
	+1
	-1
	+1
	-1
	+1
	-1

	1006
	1
	1
	+1
	+1
	+1
	+1
	+1
	-1

	1007
	1
	1
	+1
	-1
	+1
	-1
	+1
	-1

	1008
	0
	0
	+1
	+j
	-1
	-j
	+1
	+j

	1009
	0
	0
	+1
	-j
	-1
	+j
	+1
	+j

	1010
	1
	1
	+1
	+j
	-1
	-j
	+1
	+j

	1011
	1
	1
	+1
	-j
	-1
	+j
	+1
	+j

	1012
	0
	0
	+1
	+j
	-1
	-j
	+1
	-j

	1013
	0
	0
	+1
	-j
	-1
	+j
	+1
	-j

	1014
	1
	1
	+1
	+j
	-1
	-j
	+1
	-j

	1015
	1
	1
	+1
	-j
	-1
	+j
	+1
	-j



Table 3. Cover code for PDSCH DM-RS configuration Type 2
	
	 
	
	
	

	
	
	
	
	
	
	
	
	

	1000
	0
	0
	+1
	+1
	+1
	+1
	+1
	+1

	1001
	0
	0
	+1
	-1
	+1
	-1
	+1
	+1

	1002
	1
	2
	+1
	+1
	+1
	+1
	+1
	+1

	1003
	1
	2
	+1
	-1
	+1
	-1
	+1
	+1

	1004
	2
	4
	+1
	+1
	+1
	+1
	+1
	+1

	1005
	2
	4
	+1
	-1
	+1
	-1
	+1
	+1

	1006
	0
	0
	+1
	+1
	+1
	+1
	+1
	-1

	1007
	0
	0
	+1
	-1
	+1
	-1
	+1
	-1

	1008
	1
	2
	+1
	+1
	+1
	+1
	+1
	-1

	1009
	1
	2
	+1
	-1
	+1
	-1
	+1
	-1

	1010
	2
	4
	+1
	+1
	+1
	+1
	+1
	-1

	1011
	2
	4
	+1
	-1
	+1
	-1
	+1
	-1

	1012
	0
	0
	+1
	+j
	-1
	-j
	+1
	+j

	1013
	0
	0
	+1
	-j
	-1
	+j
	+1
	+j

	1014
	1
	2
	+1
	+j
	-1
	-j
	+1
	+j

	1015
	1
	2
	+1
	-j
	-1
	+j
	+1
	+j

	1016
	2
	4
	+1
	+j
	-1
	-j
	+1
	+j

	1017
	2
	4
	+1
	-j
	-1
	+j
	+1
	+j

	1018
	0
	0
	+1
	+j
	-1
	-j
	+1
	-j

	1019
	0
	0
	+1
	-j
	-1
	+j
	+1
	-j

	1020
	1
	2
	+1
	+j
	-1
	-j
	+1
	-j

	1021
	1
	2
	+1
	-j
	-1
	+j
	+1
	-j

	1022
	2
	4
	+1
	+j
	-1
	-j
	+1
	-j

	1023
	2
	4
	+1
	-j
	-1
	+j
	+1
	-j



Figure 4 is the schematic diagram of Rel.18 DMRS ports corresponding to the proposed physical resources mapping and OCC design. 
[image: ]
(a) Rel.18 DMRS Type 1
[image: ]
(b) Rel.18 DMRS Type 2
Figure 4. Schematic diagram of Rel.18 DMRS (CDM group #0)

Regarding the length-4 FD-OCC, the DFT vectors (Opt.1-2) are selected. Regarding the length-2 TD-OCC for 2-symbol DMRS, [+1, +1] as well as [+1, -1] is adopted for legacy DMRS ports and [+1, +j] as well as [+1, -j] is adopted for expanded DMRS ports. It should be emphasized that the proposed OCC design can achieve fixed cross-correlation between the inner codes of legacy DMRS ports and that of expanded DMRS ports. As discussed in [2, 3], the advantages of proposed OCC design can be summarized as follows:
· The proposed OCC design can bring balanced channel estimation performance for DMRS ports, which saves the spec. effort and/or implementation complexity of port allocation. Moreover, it can significantly improve the performance of the “worst” DMRS ports, which guarantees the overall system performance under any combination of allocated DMRS ports and improves the number of requirement-matched users under QoS-limited scenarios.
· The DFT-vector-based FD-OCC is more friendly to the DFT-based channel estimation.
The specific performance benefits are discussed in section 2.1.2 and 2.1.3.
Proposal 1: The OCC introduced in Table 2 and Table 3 should be adopted for the design of Rel.18 DMRS ports.
· Regarding FD-OCC, support 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 



· Regarding TD-OCC across consecutive DMRS symbols, support following sequences:
	TD-OCC index
	Port 0~7 for eType 1
Port 0~11 for eType 2
	Port 8~15 for eType 1
Port 12~23 for eType 2

	
	Wt(0)
	Wt(1)
	Wt(0)
	Wt(1)

	0
	+1
	+1
	+1
	+j

	1
	+1
	-1
	+1
	-j



1.1.2 Benefit 1: Balanced channel estimation performance through interference randomization
In RAN1#110bis-e meeting, two candidates for the length-4 FD-OCC design of Rel.18 DMRS has been listed (Opt.1-1 based on Walsh code and Opt.1-2 based on DFT vector). It can be observed that the following equation is satisfied for both candidates,
,
where the length-4 FD-OCC  as well as the length-2 inner FD-OCC  is described in section 2.1, and  or  is denoted as outer FD-OCC. The inner FD-OCC aims to ensure the orthogonality among legacy DMRS ports (e.g., port 0/1/6/7 of 2-symbol Type 2 DMRS) or the orthogonality among expanded DMRS ports (e.g., port 12/13/18/19 of 2-symbol Type 2 DMRS), which requests the frequency-domain channel to be almost flat over 2 consecutively occupied subcarriers, while the outer FD-OCC aims to ensure the orthogonality between legacy DMRS ports and expanded DMRS ports (e.g., port 0 and port 12 of 2-symbol Type 2 DMRS), which requests the frequency-domain channel to be almost flat over 4 consecutively occupied subcarriers. Intuitively, the outer FD-OCC is more sensitive to the frequency selectivity of channel, which means the perfect orthogonality between outer FD-OCCs is susceptible to be destroyed. Moreover, considering the potential MU-MIMO scheduling between Rel.15 UEs (using Rel.15 DMRS ports, with limited length-2 FD-OCC decoding capability) and Rel.18 UEs (using Rel.18 DMRS ports), the orthogonality between outer FD-OCCs cannot even take into effect. When the orthogonality of outer FD-OCC is absent, the channel estimation performance of DMRS ports strongly depends on the inner code, which poses a high requirement on the inner code design.
Observation 2: The orthogonality between outer FD-OCCs is susceptible to be destroyed or even cannot take into effect in practical system. 
Proposal 2: The inner code should carefully designed to tackle the absence of the orthogonality between outer FD-OCCs.
For the OCC design of Rel.18 DMRS ports, a straightforward solution is reusing Walsh-based inner code of Rel.15 DMRS ports and extending the length of FD-OCC from 2 to 4. However, the performance of DMRS ports may diverge when the orthogonality between them cannot maintain. Specifically, as shown in Figure 5, where the Walsh-based inner codes of Rel.15 DMRS ports are reused for Rel.18 DMRS ports, if the orthogonality between the outer FD-OCC of legacy and expanded DMRS ports is destroyed, DMRS ports P0 and P13 can still approximately keep mutual orthogonality thanks to their orthogonal inner codes and nearly flat channel on two adjacent subcarriers. However, for DMRS ports P0 and P12 using the same inner code, the interference between them can be significant once the orthogonality between their outer FD-OCCs is destroyed.
[image: ] 
Figure 5. Illustration of reusing the Walsh-based inner codes of Rel.15 DMRS ports

To illustrate the unbalanced performance of different DMRS ports when the Walsh-based inner codes are reused, the NMSE performance is shown in Figure 6. Since only the DMRS ports within one CDM group interfere with each other, the performance of DMRS ports within a CDM group is simulated without loss of generality. The LLS simulation model for DL transmission introduced in [2] is adopted as follows,
                                             (1)
The detailed definitions of the parameters in Equation (1) are described in [2]. The interference power offset  equals to -3dB. As shown in Figure 6, 6 uniformly distributed UEs perform MU-MIMO transmission with rank=1 per UE. DMRS ports 0/1/6/7/12/13 of 2-symbol Type 2 DMRS (as shown in Figure 5) corresponding to CDM group#0 are allocated. When the performance of a DMRS port is evaluated, the evaluated port is allocated to the target UE0 and the remaining five DMRS ports are allocated to the interference UE1~UE5. To reflect the performance of different DMRS ports more accurately, the same condition (in terms of channel, interference, etc.) is assumed for each DMRS port allocated to target UE0. The CDL-B channels with DS=800ns are used. Other detailed simulation assumptions are shown in Appendix A. 
[image: ]
Figure 6. Illustration of simulation modeling for DL MU-MIMO

The NMSE of port  is defined as follows,

where and  are the estimated and ideal channel coefficient corresponding to DMRS port p, receive antenna k in resource element re, respectively. 
[image: ]
Figure 7. CDF of NMSE for different DMRS ports, SNR=10dB

Figure 7 shows the NMSE performance for DMRS port 0/1/6/7/12/13. It can be observed that ports 0/1/12/13 have the similar NMSE performance, and the same is true for ports 6/7. However, there is an obvious performance gap between ports 0/1/12/13 and ports 6/7 under delay spread=800ns, which is up to 14dB. This gap is caused by the strong mutual interference between DMRS ports using the same inner code when the orthogonality between outer FD-OCC cannot be satisfied due to the high frequency-selective fading. It means that if the Walsh-based inner codes are reused for Rel.18 DMRS ports, different DMRS ports may have diversified channel estimation capability when not all DMRS ports within a CDM group are occupied.
Observation 3: When the orthogonality between DMRS ports cannot maintain, reusing the Walsh-based inner codes causes great channel estimation performance gap between different DMRS ports.
Several reasons of why unbalanced performance of different DMRS ports is not preferred are listed below.
· First of all, the design of reference signal in wireless communication system always adhere to the balance principle, that is, the performance of each reference signal port is similar. The unbalanced performance of different reference signal ports poses higher requirements on the port allocation, which may incur higher Spec. effort and/or implementation complexity and should be avoided.  
· Secondly, for a high rank MIMO system, if strong layers are allocated with “good” DMRS ports and weak layers are allocated with “bad” DMRS ports, the performance gap between these layers will be further enlarged. Considering that the performance of weak layers will encumber the overall system performance, the performance difference between DMRS ports is certainly undesirable.
· Furthermore, in view of the minimum QoS requirement under some application scenarios such as XR (eXtended Reality) and CG (Cloud Gaming), the unbalanced performance of different DMRS ports may affect the user experience rate and reduce the number of users that can meet the requirement. 
As a consequence, the diversified performance of DMRS ports bringing more burden to spec. work as well as implementation algorithm should be prevented, and the performance of the “worst” DMRS port being likely to drag the system performance as well as reduce the number of requirement-matched users should be improved. 
To avoid diversified performance of different DMRS ports and extreme performance deterioration caused by strong interference under any combination of allocated DMRS ports, interference randomization is a simple and effective design methodology that should be followed. It has been widely used in wireless communication systems, especially for the reference signal design. Then how to design the inner code of expanded DMRS ports while taking advantage of interference randomization need to be addressed. One feasible way is designing a group of mutually orthogonal inner codes to ensure the orthogonality among expanded DMRS ports, and in the meanwhile guarantee that the cross-correlation between any designed inner code and any Walsh-based inner code of legacy DMRS ports is the same low value.
Proposal 3: The inner code of expanded DMRS ports should be designed as follows:
· The inner codes of expanded DMRS ports should be mutually orthogonal.
· The cross-correlation between any inner code of expanded DMRS ports and any inner code of legacy DMRS ports should strive to be the same value.

The proposed OCC in Section 2.1.1 is carefully designed to fulfill the principle in proposal 3. The cross-correlations between any inner codes of expanded DMRS ports and any Walsh-based inner codes of legacy DMRS ports are shown in Table 4 and Table 5. 
· For 1-symbol DMRS, the inner codes of expanded DMRS ports ([+1, +j] or [+1, -j]) are mutually orthogonal, and the cross-correlation between any inner code of expanded DMRS ports ([+1, +j] or [+1, -j]) and any inner code of legacy DMRS ports ([+1, +1] or [+1, -1]) is a fixed low value (), which guarantees the balanced performance of different DMRS ports. 
· For 2-symbol DMRS, the same FD-OCC design for 1-symbol DMRS applies. Moreover, the length-2 TD-OCC ([+1, +j] or [+1, -j]) is carefully chosen to comply with the principle in proposal 3. Specifically, the inner codes of expanded DMRS ports ([+1, +j, +j, -1], [+1, -j, +j, +1], [+1, +j, -j, +1] or [+1, -j, -j, +1]) forming by the Kronecker product of the length-2 TD-OCC ([+1, +j] or [+1, -j]) and the inner FD-OCC ([+1, +j] or [+1, -j]) are mutually orthogonal, and the cross-correlation between any inner code of expanded DMRS ports ([+1, +j, +j, -1], [+1, -j, +j, +1], [+1, +j, -j, +1] or [+1, -j, -j, +1]) and any inner code of legacy DMRS ports ([+1, +1, +1, +1], [+1, -1, +1, -1], [+1, +1, -1, -1] or [+1, -1, -1, +1]) is a fixed low value (), which guarantees the balanced performance of different DMRS ports. 
Recalling that reusing the Walsh-based inner codes of Rel.15 DMRS ports will lead to cross-correlation as high as 1, the proposed OCC design are undoubtedly helpful in improving the performance of the “worst” DMRS port.

Table 4. The cross-correlation between the inner codes of expanded DMRS ports and that of legacy DMRS ports, 1-symbol DMRS
	
	Inner codes of legacy ports

	
	 [+1, +1]
	 [+1, -1]

	Inner codes of expanded ports
	 [+1, +j]
	
	

	
	 [+1, -j]
	
	



Table 5. The cross-correlation between the inner codes of expanded DMRS ports and that of legacy DMRS ports, 2-symbol DMRS
	
	Inner codes of legacy ports

	
	[+1, +1, +1, +1]
	[+1, -1, +1, -1]
	[+1, +1, -1, -1]
	[+1, -1, -1, +1]

	Inner codes of expanded ports
	[+1, +j, +j, -1]
	
	
	
	

	
	[+1, -j, +j, +1]
	
	
	
	

	
	[+1, +j, -j, +1]
	
	
	
	

	
	[+1, -j, -j, +1]
	
	
	
	



Owing to the fixed cross-correlation, the interference between legacy and expanded DMRS ports can be perfectly randomized and the balanced channel estimation performance of different DMRS ports can be guaranteed when the orthogonality between DMRS ports cannot be satisfied. The DL NMSE, BLER, and throughput performance under Walsh-based & proposed OCC design is evaluated and the simulation results are shown in Figure 8 and 9 as below. Recalling that there exists significant channel estimation performance gap between DMRS port 0/1 and DMRS port 6/7 when Walsh-based inner codes are reused for expanded DMRS ports as shown in Figure 7, here for comparison the performance of DMRS port 0/1/6/7 is focused under the same simulation assumptions.
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Figure 8. DL NMSE performance under Walsh-based & proposed OCC design, SNR=10dB
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        (a) BLER performance, MCS=13                      (b) Throughput performance, MCS adaptation
Figure 9. DL BLER and Throughput performance under Walsh-based & proposed OCC design

As shown in Figure 8, port 0/1/6/7 under proposed OCC design has approximately the same NMSE performance, which proves that proposed OCC design can bring balanced channel estimation performance for DMRS ports. It is also worth noting that the performance of the “worst” DMRS port (0/1) is effectively improved by about 3.5dB. Similar observation can be obtained in Figure 9, where the BLER/Throughput performance of the layers utilizing port 0/1/6/7 is converged and the BLER/Throughput performance of the layers corresponding to the “worst” DMRS port (0/1) is promoted by about 5dB/5.2%.
It can also be observed that the performance of the “best” DMRS port (6/7) is reduced under proposed OCC design. As shown in Figure 8, the NMSE loss suffered by the “best” DMRS port (6/7) is apparently larger than the NMSE gain enjoyed by the “worst” DMRS port (0/1). Fortunately, the SNR loss suffered by the “best” DMRS port (6/7) is conversely smaller than the SNR gain enjoyed by the “worst” DMRS port (0/1) at target BLER/data rate as shown in Figure 9. The reason for this phenomenon is that the data can be correctly detected as long as the NMSE reaches a certain threshold during DMRS channel estimation, which means “over-accurate” channel estimation of a DMRS port will not improve the performance of corresponding layer observably. On the contrary, slight improvement of the channel estimation accuracy of “worst” DMRS port does great help to the detection performance of the corresponding data layer and will bring significant gain. To a certain degree, the Walsh-based OCC design with unbalanced channel estimation performance wastes some capability on the “best” DMRS port and sacrifices the performance of the “worst” DMRS port, while the proposed OCC design with balanced channel estimation performance conducts a better “allocation” for the channel estimation capability.
Observation 4: The proposed OCC design can achieve more balanced channel estimation performance for DMRS ports and effectively improve the performance of the “worst” DMRS port.

1.1.3 Benefit 2: More friendly to DFT-based channel estimation
Another key advantage of the proposed OCC design is the friendliness to the implementations of DFT-based channel estimation, which is widely used for PUSCH transmission with wideband precoding. Considering the comb-like frequency domain mapping pattern of Type 1 DMRS, the proposed DFT-vector-like FD-OCC can be treated as cyclic shift 4 in delay domain directly without any de-spreading operation. In contrast, if the Walsh-based FD-OCC (Opt.1-1) is adopted for Rel.18 DMRS, one feasible channel estimation solution is to treat the FD-OCC as cyclic shift 2 in delay domain after performing de-spreading of inner FD-OCC, which will undoubtedly incur performance loss especially under large delay spread.
To illustrate above benefit, the UL BLER and NMSE performance with wideband precoding (bandwidth=16RB) are presented in Figure 10 and 11 as below, where two UEs with rank=2 per UE are scheduled together with power offset = -12dB. DMRS ports 0/1/8/9 of 1-symbol Type 1 DMRS are allocated, where port 8/9 and port 0/1 are assigned to target UE and interference UE, respectively. Other detailed simulation assumptions can be found in Appendix B. It can be observed from Figure 10 and 11 that proposed OCC design can obtain about 1.2dB/1dB NMSE/BLER gain under 600ns delay spread and about 2dB/1.8dB NMSE/BLER gain under 800ns delay spread compared with Walsh-based OCC design. Obviously the performance gain obtained is positively related to the increase of channel delay spread, which is consistent with the analysis above.
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(a) Delay spread=600ns                             (b) Delay spread=800ns
Figure 10. UL NMSE performance under Walsh-based and proposed OCC design
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(a) Delay spread=600ns                             (b) Delay spread=800ns
Figure 11. UL BLER performance under Walsh-based and proposed OCC design, MCS=17
Observation 5: Compared with Walsh-based OCC, the proposed OCC design can achieve observably UL performance benefit under Type 1 DMRS when the channel delay spread is non-negligible. 

MU-MIMO between Rel.18 DMRS port(s) and Rel.15 DMRS port(s)
In RAN1#110 meeting, it has been agreed that MU-MIMO between Rel.15 DMRS ports 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’. In RAN1#110bis-e meeting this issue was further discussed and no consensus has been reached yet.
The most straightforward benefit of supporting MU-MIMO between Rel.15 DMRS ports and Rel.18 DMRS ports within one CDM group is improving the 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, considering that there may exist Rel.15 UEs (can only use Rel.15 DMRS ports) in MU-MIMO transmission, 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).
Furthermore, supporting MU-MIMO between Rel.15 DMRS ports and Rel.18 DMRS ports within one CDM group may also 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 DMRS ports and Rel.18 DMRS ports within one CDM group is the potential performance impact to Rel.15 DMRS ports, which directly depends on the Rel.18 DMRS design (including the specific sequence design and physical resource mapping), the port allocation and the channel estimation. 
Considering the pros and cons of supporting MU-MIMO between Rel.15 DMRS ports and Rel.18 DMRS ports within one CDM group, it is suggested to discuss whether/how to support this case after the specific sequence design and physical resource mapping of Rel.18 DMRS have been determined.
Proposal 4: Whether/how to support MU-MIMO between Rel.15 DMRS ports and Rel.18 DMRS ports within one CDM group can be discussed after the sequence design and physical resource mapping of Rel.18 DMRS have been determined.

Switching between FD-OCC length 2 and FD-OCC length 4
Another key issue need to be discussed is ‘study whether and how to support DCI based switching between DMRS port(s) associated with length-2 FD-OCC and DMRS port(s) associated with length-4 FD-OCC’. 
As described in Section 2.1, 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 inner FD-OCC within two consecutive subcarriers corresponding to a CDM group, the channel estimation based on length-2 inner 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 inner 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, 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. Specifically, two candidate length indication methods can be considered if dynamic switching is supported: the first one is introducing a new DCI field to dedicatedly indicate the FD-OCC length of the scheduled DMRS port(s), which will increase the DCI overhead; the second one is reusing the DCI filed ‘Antenna port(s)’ to additionally indicate the FD-OCC length for some DMRS port/port combination, which may affect the current DMRS table design. As a result, whether to support dynamic switching between different FD-OCC lengths and candidate switching methods should be carefully investigated.
Proposal 5: The following factors should be considered when determining whether to support dynamic switching between different FD-OCC lengths:
· Performance benefits over RRC-based semi-static switching
· Processing complexity
· Spec. effort 
· Indication overhead. 

[bookmark: _GoBack]DMRS port(s) indication
In RAN1#110bis-e meeting, the following FL proposal has been discussed:
· Down select one of the following on how to enhance TS38.212 to indicate Rel.18 DMRS ports for PDSCH. 
· Scheme A: Specify new antenna ports tables similar to Tables 7.3.1.2.2-1/2/3/4 and Tables 7.3.1.2.2-1A/2A/3A/4A in TS38.212. The maximum size of antenna ports field is increased by M (M>=0) bit(s). 
0. For M>= 1, existing rows in Tables 7.3.1.2.2-1/2/3/4 and Tables 7.3.1.2.2-1A/2A/3A/4A in TS38.212 are partially/fully copied to the new tables except for “Reserved” row.  
· FFS for other rows in the new tables. 
0. FFS: The sizes of antenna port field and its mapping to antenna port tables.
· Scheme B: Reuse the existing Tables 7.3.1.2.2-1/2/3/4 and Tables 7.3.1.2.2-1A/2A/3A/4A in TS38.212 and keep the size of antenna ports field in DCI unchanged. Introduce new M(M>=1)-bit DCI field of “DMRS port(s) offset indicator” to indicate Rel.18 DMRS ports. 
0. At least M=1 is supported. For M=1,
· If “DMRS port(s) offset indicator” field is set “0”, DMRS port(s) are the same as indicated by antenna ports field in DCI format 1_1/1_2. 
· If “DMRS port(s) offset indicator” field is set “1”, DMRS port(s) are incremented with X from the indicated DMRS port(s) by antenna ports field in DCI format 1_1/1_2. 
· Value of X is 8 for Rel.18 eType 1 DMRS and X is 12 for Rel.18 eType 2 DMRS. 
· FFS: Whether/how to enhance the reserved field in antenna ports tables under different values of “DMRS port(s) offset indicator”.
0. FFS: Whether to support M>1 and its DMRS port combinations under different values of “DMRS port(s) offset indicator”.
· Scheme C: Reuse the existing Tables 7.3.1.2.2-1/2/3/4 and Tables 7.3.1.2.2-1A/2A/3A/4A in TS38.212 and keep the size of antenna ports field in DCI unchanged. Introduce new table to indicate Rel.18 DMRS ports including full 8/16 or 12/24 ports.  
0. TDRA entry configured includes a entry indicate what DMRS ports is used for scheduling.  
· Scheme D: Reuse the existing Tables 7.3.1.2.2-1/2/3/4 and Tables 7.3.1.2.2-1A/2A/3A/4A in TS38.212 and keep the size of antenna ports field in DCI unchanged. Introduce new tables to indicate Rel.18 DMRS ports with new DMRS port index. 
0. At least one Rel-18 DMRS port with the new port index p is included in each row 
0. FFS: the combination of Rel-18 DMRS ports with the new port index and legacy port index in one row 
· FFS: MU restrictions with the determined tables for DMRS ports indications. 
· FFS: How to enhance antenna ports tables in TS38.212 to indicate Rel.18 DMRS ports for PUSCH for rank = 1,2,3,4.

As shown above, four schemes are listed as the candidate for Rel.18 DMRS port indication. In fact, the down-selection directly relates to the DMRS port combinations that need to be supported in Rel.18. As a result, the principle of choosing supported port combinations should be firstly discussed. Considering that Rel.18 supports more DMRS ports enabling higher number of paired layers, the optimal tradeoff between the flexibility of MU scheduling/DMRS port allocation and indication overhead should undoubtedly be pursued. To fulfil this requirement, following principles are proposed:
Firstly, to facilitate flexible MU scheduling, different combinations of paired layers should be supported as many as possible. Here Table 6, a set of exemplary Rel.18 DMRS port combinations based on 1-symbol eType 1 DMRS (DMRS port combinations 0~11 are copied from Table 7.3.1.2.1-1 in TS 38.212 and the remaining port combinations are newly introduced), and 8, the maximum number of layers supported by 1-symbol eType 1 DMRS, are chosen as an example to show how this principle is satisfied. Specifically, 8 layers can be divided into following layer combinations: {4+4}, {4+2+2}, {3+3+2} and {2+2+2+2}, which can be supported by port combinations {21+26}, {19+24+26}, {20+25+27} and {7+8+19+24} in Table 6, respectively. The reason why any layer combination including one or multiple single layers (e.g., {4+3+1} or {4+2+1+1}) is not listed above is that these combinations can be equivalently viewed as comprising of two parts: one part includes one or multiple single layers (e.g., {1} or {1+1}), which can be supported by many port combinations in Table 6, the other part can be treated as smaller number of total layers (e.g., 7 or 6), which can be similarly supported as 8 layers.

Table 6. Exemplary Rel.18 DMRS port combinations 
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	1
	0

	1
	1
	1

	2
	1
	0,1

	3
	2
	0

	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

	13
	1
	9

	14
	1
	8,9

	15
	1
	0,1,8

	16
	1
	0,1,8,9

	17
	2
	8

	18
	2
	9

	19
	2
	8,9

	20
	2
	0,1,8

	21
	2
	0,1,8,9

	22
	2
	10

	23
	2
	11

	24
	2
	10,11

	25
	2
	2,3,10

	26
	2
	2,3,10,11

	27
	2
	9,11

	28~31
	reserved
	reserved



Secondly, compared with Rel.15 DMRS, the Rel.18 DMRS doubles the number of DMRS ports, which enables multiplexing 3 or 4 DMRS ports within a CDM group for 1-symbol DMRS (e.g., by {0, 1, 8, 9}). This can certainly improve the efficiency of spectrum resource utilization and facilitate MU-MIMO between Rel.15 and Rel.18 DMRS ports by occupying different CDM groups.
Moreover, if the dynamic switching between different FD-OCC lengths is supported, it can be jointly designed together with DMRS port(s) indication. Considering that dynamic switching between different FD-OCC lengths may not suitable for some possible port combinations (e.g., {0, 8}), joint-coding of DMRS port(s) indication and dynamic switching may bring some overhead benefit. For example, some entries jointly indicating DMRS port combination and FD-OCC length can be included in the antenna port(s) table for Rel.18 DMRS. As shown in Table 7, the port 0 indicated by n1 corresponds to the default length-4 FD-OCC of Rel.18 DMRS, while the port 0 indicated by n2 corresponds to degenerated length-2 FD-OCC. 
Table 7. Example of joint-coding between DMRS port combination and FD-OCC length
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	n1
	2
	0

	n2
	2
	0 (FD-OCC 2)



One straightforward way to achieve principles above is specifying new antenna port table, while another potential way is to reuse the existing table and introducing additional DCI indication. Additionally, for specifying new antenna port table, considering the larger indication overhead of Rel.18 DMRS ports, it is unnecessary to copy all existing Rel.15 DMRS port combinations. For example, since one of the most important use cases of Rel.18 DMRS is to increase the number of MU-MIMO layers, the Rel.15 DMRS port combinations corresponding to SU-MIMO can be dropped.

Proposal 6: The design of Rel.18 DMRS port(s) indication should consider following aspects:
· Support all layer combinations to facilitate flexible MU scheduling
· Support multiplexing 3/4 DMRS ports within a CDM group for 1-symbol DMRS
· Consider jointly indicate DMRS port combination and FD-OCC length if dynamic switching between different FD-OCC lengths is supported
· Partially reuse Rel.15 DMRS port combinations if specifying new antenna port table

PTRS physical resource mapping
In current spec., each PTRS port is associated with a DMRS port. The subcarriers to which the PTRS is mapped are given by 


where the parameter [image: ]is determined based on the associated DMRS port. In Rel.18, new DMRS type (eType1 and eType2) are introduced and it is reasonable to support the association between PTRS ports and Rel.18 DMRS ports. Considering that the number of Rel.18 1-symbol DMRS port is doubled, the physical resource mapping of PTRS port associated with Rel.18 DMRS port should be studied.
For the design of the physical resource mapping of PTRS port in current spec., interference randomization is achieved through configuring different  and . The parameter  is decided by both the higher layer parameter resourceElementOffset and the associated DMRS port. The candidate values of  are the subcarrier indexes occupied by the associated DMRS port. A straightforward solution for the physical resource mapping of PTRS port associated with Rel.18 DMRS port is to design a new table for the candidate values of .
It can be expected that the probability of mapping PTRS ports on the same subcarrier is increased due to the doubled number of Rel.18 DMRS ports, which will incur higher interference. As a result the physical resource mapping of PTRS port associated with Rel.18 DMRS port should be carefully designed to tackle this issue.
Proposal 7: The physical resource mapping of PTRS port associated with Rel.18 DMRS port (eType 1 Port 0~3/8~11 and eType 2 Port 0~5/12~17) should be carefully designed to tackle the increased interference.

DMRS enhancement for 8TX UL operation
DMRS port allocation table design for rank 5~8
In RAN1#110bis-e meeting, it has been agreed that both Rel.15 Type 1/Type 2 DMRS ports and Rel.18 eType 1/eType 2 DMRS ports are supported for >4 layers SU-MIMO PUSCH. For the DMRS table design for >4 layer PUSCH, the following FL proposal is discussed:
· For >4 layers PUSCH, support new antenna ports tables for rank = 5,6,7,8 for both single-symbol/double-symbol DMRS. 
· For Rel.15 Type 1/Type 2 DMRS ports, new antenna ports tables are down selected from the following: 
0. Alt.1-1: same DMRS port combinations as that for rank = 5,6,7,8 for PDSCH are reused. 
· FFS: whether all or some/one of the current DMRS port combination(s) are reused. 
0. Alt.1-2: new DMRS port combinations are used for rank = 5,6,7,8 (FFS: details). 
· For Rel.18 eType1/eType2 DMRS ports, new antenna ports tables are down selected from the following: 
0. Alt.2-1: same DMRS port combinations as that for rank = 5,6,7,8 for PDSCH are reused. 
· FFS: whether all or some/one of the current DMRS port combinations are reused. 
0. Alt.2-2: new DMRS port combinations are used for rank = 5,6,7,8 (FFS: details). 
0. Note: whether the DMRS port combination allows to use single symbol DMRS for rank = 5,6,7,8 should be checked. 
· Note: new DMRS port combinations above does not preclude the current DMRS port combination(s) in Rel.15-17. 
For Rel.15 Type 1/Type 2 DMRS ports, the DL DMRS table for rank 5~8 in current spec can be reused.
Proposal 8: For Rel.15 Type 1/Type 2 DMRS ports, support Alt.1-1.

For Rel.18 eType1/eType2 DMRS ports enabling twice the number of orthogonal DMRS ports, less time-frequency resources (fewer OFDM symbols or CDM groups) are needed to support a certain number of DMRS ports compared with Rel.15 DMRS ports considering the stronger multiplexing capability, which saves time-frequency resources for data transmission. Specifically, the 1-symbol Rel.18 eType1/eType2 DMRS supports a maximum of 8/12 orthogonal ports, which means the >4 layer SU-MIMO PUSCH can be supported with only one OFDM symbol. In terms of 2-symbol Rel.18 DMRS, the number of CDM groups required for >4 layer SU-MIMO PUSCH can be reduced from two to one.
Proposal 9: For Rel.18 eType1/eType2 DMRS ports, support Alt.2-2 considering the following aspects:
· Support >4 layer SU-MIMO PUSCH with fewer OFDM symbols
· Support >4 layer SU-MIMO PUSCH with fewer CDM groups

PTRS-DMRS association
In current spec, at most 2 PTRS ports are supported for CB and NCB based UL transmission with up to 4 DMRS ports, and the overhead of PTRS-DMRS association field in DCI is 2 bits. Specifically, a full-coherent UE shall expect the number of UL PT-RS port to be configured as 1, which means 2-bit overhead is needed to indicate the association between 1 PTRS port and up to 4 DMRS ports; while 2 DMRS ports of a partial/non-coherent UE shares one PTRS port, which means a partial/non-coherent UE can have at most 2 UL PT-RS port and 2-bit overhead is needed to indicate the association between up to 2 PTRS ports and up to 4 DMRS ports.
With up to 8 DMRS ports for SU-MIMO PUSCH, the PTRS-DMRS association should be enhanced. For full-coherent UE, the number of UL PT-RS port may remain to be 1, and the PTRS-DMRS association should be enhanced to indicate the association between 1 PTRS port and up to 8 DMRS ports. For partial/non-coherent UE, if the maximum number of UL PT-RS port increases to 4, then the PTRS-DMRS association should be enhanced to indicate the association between up to 4 PTRS ports and up to 8 DMRS ports; while if the maximum number of UL PT-RS port remains to be 2, the PTRS-DMRS association should be enhanced to indicate the association between up to 2 PTRS ports and up to 8 DMRS ports. How to enhance the PTRS-DMRS association to enable above indications and simultaneously minimize the overhead should be further investigated.
Proposal 10: PTRS-DMRS association should be enhanced to support >4 layer SU-MIMO PUSCH and the overhead should be minimized.

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:
Proposal 1: The OCC introduced in Table 2 and Table 3 should be adopted for the design of Rel.18 DMRS ports.
· Regarding FD-OCC, support 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 



· Regarding TD-OCC across consecutive DMRS symbols, support following sequences:
	TD-OCC index
	Port 0~7 for eType 1
Port 0~11 for eType 2
	Port 8~15 for eType 1
Port 12~23 for eType 2

	
	Wt(0)
	Wt(1)
	Wt(0)
	Wt(1)

	0
	+1
	+1
	+1
	+j

	1
	+1
	-1
	+1
	-j



Proposal 2: The inner code should carefully designed to tackle the absence of the orthogonality between outer FD-OCCs.
Proposal 3: The inner code of expanded DMRS ports should be designed as follows:
· The inner codes of expanded DMRS ports should be mutually orthogonal.
· The cross-correlation between any inner code of expanded DMRS ports and any inner code of legacy DMRS ports should strive to be the same value.
Proposal 4: Whether/how to support MU-MIMO between Rel.15 DMRS ports and Rel.18 DMRS ports within one CDM group can be discussed after the sequence design and physical resource mapping of Rel.18 DMRS have been determined.
Proposal 5: The following factors should be considered when determining whether to support dynamic switching between different FD-OCC lengths:
· Performance benefits over RRC-based semi-static switching
· Processing complexity
· Spec. effort 
· Indication overhead.
Proposal 6: The design of Rel.18 DMRS port(s) indication should consider following aspects:
· Support all layer combinations to facilitate flexible MU scheduling
· Support multiplexing 3/4 DMRS ports within a CDM group for 1-symbol DMRS
· Consider jointly indicate DMRS port combination and FD-OCC length if dynamic switching between different FD-OCC lengths is supported
· Partially reuse Rel.15 DMRS port combinations if specifying new antenna port table
Proposal 7: The physical resource mapping of PTRS port associated with Rel.18 DMRS port (eType 1 Port 0~3/8~11 and eType 2 Port 0~5/12~17) should be carefully designed to tackle the increased interference.
Proposal 8: For Rel.15 Type 1/Type 2 DMRS ports, support Alt.1-1.
Proposal 9: For Rel.18 eType1/eType2 DMRS ports, support Alt.2-2 considering the following aspects:
· Support >4 layer SU-MIMO PUSCH with fewer OFDM symbols
· Support >4 layer SU-MIMO PUSCH with fewer CDM groups
Proposal 10: PTRS-DMRS association should be enhanced to support >4 layer SU-MIMO PUSCH and the overhead should be minimized.

Observation 1: The increase of FD-OCC length incurs higher sensitivity to the frequency selectivity and compatibility issue, which destroys the orthogonality between DMRS ports and brings interference.
Observation 2: The orthogonality between outer FD-OCCs is susceptible to be destroyed or even cannot take into effect in practical system.
Observation 3: When the orthogonality between DMRS ports cannot maintain, reusing the Walsh-based inner codes causes great channel estimation performance gap between different DMRS ports.
Observation 4: The proposed OCC design can achieve more balanced channel estimation performance for DMRS ports and effectively improve the performance of the “worst” DMRS port.
Observation 5: Compared with Walsh-based OCC, the proposed OCC design can achieve observably UL performance benefit under Type 1 DMRS when the channel delay spread is non-negligible.

Appendix
Appendix A: Link level simulation parameters for DL MU-MIMO scheme
Table A1 Simulation assumptions of LLS for DL MU-MIMO scheme
	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 
	Baseline: 3km/h 

	Allocation bandwidth 
	20MHz 

	MIMO scheme 
	Baseline: MU-MIMO  

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

	UE antenna configuration 
	4RX: (M, N, P, Mg, Ng, Mp, Np) = (1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ

	MIMO Rank 
	1, 2, or 3 per UE

	UE number for MU-MIMO 
	6, 8

	Precoding and precoding granularity 
	For PDSCH: 
· SVD based sub-band precoding (with 4PRB precoding granularity) on ideal channel knowledge 

	Feedback delay for precoding 
	5ms 

	DMRS type 
	Type 1E and/or Type 2E, which are enhanced DMRS that are based on the legacy RE mappings of DMRS Type 1/2, where the enhanced DMRS support larger DMRS ports.  

	DMRS configurations 
	Baseline:  
· Single symbol DMRS without additional DMRS symbols 
· Double symbol DMRS without additional DMRS symbols. 

	DMRS mapping type 
	Mapping type A (slot based) for PDSCH. 

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

	HARQ 
	Baseline: Off  

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

	Receiver type 
	MMSE as baseline 

	EVM 
	No radio impairments  



Appendix B: Link level simulation parameters for UL MU-MIMO scheme
Table A2 Simulation assumptions of LLS for UL MU-MIMO scheme
	Parameter
	Value

	Duplex, Waveform
	TDD, OFDM

	Carrier Frequency
	4 GHz

	Channel Model
	CDL-B in TR 38.901

	Delay Spread
	600/800ns

	BS antenna configuration
	(M, N, P, Mg, Ng; Mp, Np) =
 (8, 8, 2, 1, 1; 2, 8), (dH, dV) = (0.5, 0.8) 

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

	MIMO scheme
	MU-MIMO

	MCS
	MCS 17

	PUSCH scheduling bandwidth
	16 RB

	Numerology
	14 OFDM symbol per slot, 30 kHz SCS

	MIMO Rank
	rank = 2 per UE (rank fixed) 

	UE number
	2

	UE speed
	3 km/h 

	Precoding method
	SVD

	Receiver
	MMSE

	DMRS configuration
	Double symbol Type 1

	DMRS mapping type 
	Mapping type A (slot based)

	HARQ
	Off
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