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Introduction
In RAN 94e meeting, the work item of further enhancements on MIMO for NR with respect to DL MIMO was proposed as follows [1]:
1. Study, and if justified, specify CSI reporting enhancement for high/medium UE velocities by exploiting time-domain correlation/Doppler-domain information to assist DL precoding, targeting FR1, as follows:
· Rel-16/17 Type-II codebook refinement, without modification to the spatial and frequency domain basis
· UE reporting of time-domain channel properties measured via CSI-RS for tracking
2. Specify extension of Rel-17 Unified TCI framework for indication of multiple DL and UL TCI states focusing on multi-TRP use case, using Rel-17 unified TCI framework.
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
4. Study, and if justified, specify enhancements of CSI acquisition for Coherent-JT targeting FR1 and up to 4 TRPs, assuming ideal backhaul and synchronization as well as the same number of antenna ports across TRPs, as follows:
· Rel-16/17 Type-II codebook refinement for CJT mTRP targeting FDD and its associated CSI reporting, taking into account throughput-overhead trade-off
· SRS enhancement to manage inter-TRP cross-SRS interference targeting TDD CJT via SRS capacity enhancement and/or interference randomization, with the constraints that 1) without consuming additional resources for SRS; 2) reuse existing SRS comb structure; 3) without new SRS root sequences
· Note: the maximum number of CSI-RS ports per resource remains the same as in Rel-17, i.e. 32
In this contribution, we will further discuss some possible DMRS enhancements to support larger number of orthogonal DMRS ports and DMRS enhancements for 8 Tx UL operation in Rel18.

Discussion on DMRS enhancement to support lager number of DMRS ports
OCC design
In last RAN1 meeting, about the OCC design, there are two candidate codes as shown below[4]:
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): 
· [bookmark: _Hlk118128716]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 


· [bookmark: _Hlk118128726]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 



Technically, cyclic shift code is a better choice especially for wideband case because the channel for different port can be distinguished in time domain when DFT based channel estimation is applied. While, the performance of DFT based channel estimation will be affected by the maximum channel delay. In addition, DFT based channel estimation increases UE implementation complexity. Currently, we slightly prefer opt.1-1, at least for DL DMRS.

Proposal 1: We slightly prefer opt.1-1.

Signalling design

DMRS type indication
In current specification, DMRS type is indicated via RRC parameter dmrs-type. In R18, the new DMRS type will be introduced to support larger number of DMRS ports. Then, DMRS type indication signalling should be redesigned.
For DMRS type indication, we can still use RRC parameter dmrs-type to indicate UE the enhanced DMRS type. To do that, a new indicator can be introduced to inform UE whether the RRC parameter dmrs-type indicates legacy DMRS type or R18 DMRS type. For example, when the indicator is set to “A” and dmrs-type is “type2”, the DMRS type is Type2E. And if the indicator is set to “B” and dmrs-type is “type2”, the DMRS type is legacy DMRS Type2. The new indicator can be RRC signalling or dynamic signalling.
Proposal 2: Introduce a new RRC or DCI indicator to indicate the legacy DMRS or enhanced DMRS to UE.

DMRS port(s) indication
About DMRS port indication, we have following agreement in RAN1 109-e meeting [2].
RAN1-109e-Agreement
To increase the maximum number of orthogonal DMRS ports for PDSCH/PUSCH larger than Rel.15,  
· Study whether/how to support DCI-based dynamic antenna ports indication of Rel.18 DMRS ports and/or Rel.15 DMRS ports. 
· Study whether/how to reuse the antenna port indication table in 38.212 as much as possible for both PDSCH and PUSCH 
· Study the potential need for MU scheduling restrictions in the design of the enhanced antenna port indication table in 38.212 for DL PDSCH. 

In RAN1 #110-bis meeting, we further discussed the possible DMRS port indication schemes and didn’t reach an agreement. These schemes can be summarized into two methods, reusing current antenna table and designing new antenna table. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]About reusing current antenna table, because, for R18 DMRS, the supported number of DMRS ports is doubled compared with legacy DMRS, some companies support to introduce 1 bit “DMRS port(s) offset indicator” to indicate R18 DMRS ports. However, because the DMRS por(s) indicated to UE based on current table, for example the table for dmrs-Type=1and single symbol, are selected among DMRS port 0~3, then the DMRS port of R18 DMRS indicated to UE can only be selected among port 0~3 or port 4~7 in this method. Therefore, reusing current antenna port(s) table may lead to less flexibility of network scheduling and even less system performance of MU-MIMO because it is unable to get the best result of UE-pairing in MU-MIMO.

[bookmark: _Hlk118473687]Observation 1: Reusing the current antenna port(s) table may lead to less flexibility of network scheduling and even less system performance of MU-MIMO.
In this method, to increase the flexibility of DMRS port(s) indication, M>1 bits “DMRS port(s) offset indicator” can be introduced to indicate R18 DMRS port. For example, as shown in Figure1, assuming the DMRS port(s) indicated by antenna ports field in DCI is {0, 1}, if the offset is 2, then the actual DMRS ports are {3, 4}. If the offset is 3, then the actual DMRS ports are {4, 5}



Fig.1 M>1 bits “DMRS port(s) offset indicator”

Proposal 3: M>1 bits “DMRS port(s) offset indicator” can be introduced to increase the flexibility of DMRS port indication if the existing antenna table is reused to indicated R18 DMRS ports.

Dynamic switching
We have come to agreement about the switching between length 2 FD-OCC and length M FD-OCC as following:
RAN1-110-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).
In previous meetings, some companies wanted to support dynamic switching of DMRS port(s) associated with length 2 FD-OCC and DMRS port(s) associated with length M FD-OCC. From our understanding, this is actually a DMRS type switching problem. In current specification, there are two different DMRS type which are type1 and type2. In R18, two additional DMRS types, which are denoted as type1E and Type2E, will be introduced. DMRS port(s) associated with length 2 FD-OCC corresponds to DMRS type1/2 and DMRS port(s) associated with length M FD-OCC means DMRS type 1E/2E. 
[bookmark: _Hlk118473828]Observation 2: The switching between Length 2 OCC and length 4 OCC is actually the DMRS type switching.
As discussed in section 2.3.1, basically, we are fine with both RRC based and DCI based switching. But, in current specification, DMRS type, type1 or type2, is indicated by RRC parameter dmrs-type. Therefore, if there is no strong reason to support that DCI based switching is necessary, then RRC based switching should considered.

[bookmark: _Hlk118473854]Proposal 4: RRC based switching should be the base line of DMRS type switching.

Coexistence of legacy UE and R18 UE
[bookmark: OLE_LINK13]Most companies preferred to support coexistence of legacy UE and R18 UE in MU-MIMO and we have reached an agreement about the coexistence as shown below [3]:
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.
For the case that R15 DMRS port and R18 port are in different CDM group, there is no MU-MIMO scheduling restriction of PUSCH/PDSCH. While, whether and how to support multiplexing of legacy DMRS port and R18 DMRS port within the same CDM group in MU-MIMO needs more discussion. In last RAN1 meeting, it is confirmed that length 4 OCC will be used to support larger number of DMRS ports in R18. Then, let’s assume that one of the length 4 OCC is , like the Hadamard code or Cyclic shift code as discussed in section 2.1. In order to support the multiplexing of R18 DMRS and legacy DMRS,  is supposed to be orthogonal to  and . Then we have the following equation:


Apparently, there is no non-zero solution for this equation. Hence, there is no such a length 4 OCC which is used in frequency to support larger number of DMRS ports can be orthogonal to length 2 OCC used in legacy DMRS.
Observation 3: There is no such a length 4 OCC can be simultaneously orthogonal to the two OCC,  and , used in legacy DMRS
Then, in order to multiplex legacy UE and R18 UE within one CDM group, there is restriction on DMRS port indication. For example, assuming Hadamard code shown in table 1 is used, if legacy UE is indicated with DMRS port 0 which applies OCC , then for R18 UE, only DMRS port(s) using FD-OCC with index 1 and 2 can be indicated.
Tab.1 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 


Proposal 5: There is restriction on DMRS port indication if the multiplexing of legacy UE and R18 UE within one CDM group is supported.

Enhancements on DMRS ports for 8Tx UL SU-MIMO 
The Rel-18 WID for MIMO Evolution for Downlink and Uplink is approved [1], which includes the following objective:
Study, and if justified, specify UL DMRS, SRS, SRI, and TPMI (including codebook) enhancements to enable 8 Tx UL operation to support 4 and more layers per UE in UL targeting CPE/FWA/vehicle/Industrial devices
· Note: Potential restrictions on the scope of this objective (including coherence assumption, full/non-full power modes) will be identified as part of the study.


In RAN1#109-e meeting, the following agreement has been made on DMRS configuration [2]:
 Agreement
Study the following potential DMRS enhancement for potential support of more than 4 layers SU-MIMO PUSCH. 
· Extend DMRS port allocation table for rank 5~8 
· Note: DL DMRS table can be a reference 
· Enhancement for DMRS to PTRS mapping  
· Study whether to utilize Rel.18 DMRS ports for more than 4 layers SU-MIMO PUSCH. 
· Note: the above study does not imply more than 4 layers SU-MIMO PUSCH is supported. 
· Note: other study for potential DMRS enhancement for potential support of more than 4 layers SU-MIMO PUSCH is not precluded. 

In RAN1#110 meeting, the following agreement has been made on 8Tx transmission and DMRS configuration [3]:
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 RAN1#110bis meeting, the following agreement has been made on 8Tx transmission and DMRS configuration [4]:
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.



For the uplink transmission with 8Tx, it needs further enhancements on DMRS design if it is agreed to support the maximum number of transmission layers to 8. In current spec, only 4 transmission layers for the PUSCH is supported. It has been decided that whether the supported maximum number of uplink layers is more than 4 or not is up to the UE capability. And for UEs supporting more than 4 layers, DMRS ports indication should be extended.
DMRS enhancements
Since the scenario mainly targeting SU-MIMO for 8Tx enhancement, DMRS port allocation design would be quite aligned with the DL, the DMRS port allocation for RANK5-8 should be introduced to each category of DMRS table. Currently the DMRS port allocation table is categorized according to DMRS type, max number of front-load DMRS symbols, and under each category DMRS tables for Rank 1-4 are specified separately. For DMRS type 1 with single-symbol configuration, the maximum number of DMRS ports is 4 which can’t support the RAN5 indication for 8Tx transmission. And also for DMRS type 2 with single –symbol configuration, the maximum number of DMRS ports is 6 which can support up to RAN6 of DMRS port indication. For DMRS Type 1/2 with double-symbol configuration cases, the supported RANK can be from 5 to 8. 
The direct way is to extend the DMRS table for RANK 5-8 for each DMRS configuration as how current UL DMRS table specifies. But this may not be efficient enough from signaling perspective, because very limited entries are needed for each RANK for each DMRS configuration, so in order to have less spec impact, a joint table of all supported RANKs for each DMRS configuration should be introduced all together similar to DL. 
Proposal 6: To support up to 8 layers of 8Tx PUSCH transmission, DMRS port allocation tables needs to be extended, two options can be considered as below.
· Option 1: Separate tables for RANK5/6/7/8 for each DMRS configuration can be specified similar to the current UL DMRS table.
· Option 2: A joint table including RANKs from 5-8 for each DMRS configuration can be specified similar to DL DMRS table. 

PT-RS enhancements
Also if DMRS ports are extended to 8 for more than 4 layers PUSCH transmission, PT-RS port(s) associated with DMRS port(s) should be redefined too. The enhancements is to indicate the association between PTRS port(s) and DMRS port(s) for the transmission of one PT-RS port and two PT-RS ports respectively
The following agreement was made in last RAN1 meeting on 8Tx and PT-RS enhancements [3]:
Agreement
For 8TX PUSCH, at least support 
· Ng=1, 2, 4
Note: The above does not restrict the Ng for the non-coherent case

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.

If antenna ports can be divided into 4 antenna groups, eg. 4 separate panels, 2- port PT-RS may not be enough for the all CPE resources. 4-Port PTRS can be considered from performance point of view. The spec efforts should also be considered.
Proposal 7: Support 4-port PTRS for 8Tx transmission.
To support more than 4 layers PUSCH with current 2-port PT-RS, the PTRS and DMRS association for 8Tx needs to be enhanced:
· 3bits are needed for the indication of PT-RS and DMRS ports association for UL PTRS port 0;
· 4bits are needed for the indication of PTRS and DMRS association when 2 PTRS ports are used, 2bits MSB  are for the indication of PTRS port 0, and 2 bits LSB are for the indication of PTRS port 1; 
Proposal 8: Redefine the association between PT-RS port(s) and DMRS port(s), support the extension of the current DCI indication of PTRS and DMRS association for RANK>4.
Proposal 9: For Rank>4, support the following definition of the PTRS and DMRS association of 2-port PTRS for 8Tx. 
· 3bits are needed for the indication of PT-RS and DMRS ports association for UL PTRS port 0;
· 4bits are needed for the indication of PTRS and DMRS association when 2 PTRS ports are used, 2bits MSB  are for the indication of PTRS port 0, and 2 bits LSB are for the indication of PTRS port 1; 

Conclusion
In this contribution, we discuss about the DMRS enhancements to support CJT and 8Tx UL transmission. Based on above discusses, we provide the following proposals related to DMRS enhancement for CJT:
Proposal 1: We slightly prefer opt.1-1.
Proposal 2: Introduce a new RRC or DCI indicator to indicate the legacy DMRS or enhanced DMRS to UE.
Observation 1: Reusing the current antenna port(s) table may lead to less flexibility of network scheduling and even less system performance of MU-MIMO.
Proposal 3: M>1 bits “DMRS port(s) offset indicator” can be introduced to increase the flexibility of DMRS port indication if the existing antenna table is reused to indicated R18 DMRS ports.
Observation 2: The switching between Length 2 OCC and length 4 OCC is actually the DMRS type switching.
Proposal 4: RRC based switching should be the base line of DMRS type switching.
Observation 3: There is no such a length 4 OCC can be simultaneously orthogonal to the two OCC,  and , used in legacy DMRS
Proposal 5: There is restriction on DMRS port indication if the multiplexing of legacy UE and R18 UE within one CDM group is supported.

And the proposals with respect to DMRS enhancement for 8Tx UL transmission are shown as follows:
Proposal 6: To support up to 8 layers of 8Tx PUSCH transmission, DMRS port allocation tables needs to be extended, two options can be considered as below.
· Option 1: Separate tables for RANK5/6/7/8 for each DMRS configuration can be specified similar to the current UL DMRS table.
· Option 2: A joint table including RANKs from 5-8 for each DMRS configuration can be specified similar to DL DMRS table. 
Proposal 7: Support 4-port PTRS for 8Tx transmission.
Proposal 8: Redefine the association between PT-RS port(s) and DMRS port(s), support the extension of the current DCI indication of PTRS and DMRS association for RANK>4.
Proposal 9: For Rank>4, support the following definition of the PTRS and DMRS association of 2-port PTRS for 8Tx. 
· 3bits are needed for the indication of PT-RS and DMRS ports association for UL PTRS port 0;
· 4bits are needed for the indication of PTRS and DMRS association when 2 PTRS ports are used, 2bits MSB  are for the indication of PTRS port 0, and 2 bits LSB are for the indication of PTRS port 1; 
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One Codeword:   Codeword 0 enabled,   Codeword 1 disabled  

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 - 15  Reserved  Reserved  

 

Offset=2

3

4

4

5

Offset=3


Microsoft_Visio_Drawing.vsdx
Offset=2
3


4
4
5
Offset=3



