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Introduction

In RAN#94e, the following was agreed for the enhancement of the DMRS ports in downlink and uplink in Rel. 18 [1].
	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


Enhancement of CDM for increasing orthogonal DMRS ports

In this section, the DMRS design until Rel. 17 is discussed, followed by an introduction to the tasks of the work item and proposals on CDM enhancements.
DMRS CDM design until Rel. 17

The CDM design of the DMRS ports until Rel. 17 is performed using orthogonal cover codes (OCC) [2]. One of the OCC sequences, [+1 +1] or [+1 -1], is applied to a pair of DMRS resource elements in a PRB within a symbol and then repeated across all the DMRS resource elements associated with a DMRS port in that symbol. This gives rise to 2 orthogonal DMRS ports per CDM group for single symbol DMRS. In the case of double symbol DMRS, OCC is applied in time, across OFDM symbols, as well to provide 2 orthogonal DMRS ports. Thus, the number of orthogonal ports that a CDM method (applied across REs within a symbol) provides with single-symbol DMRS is doubled due to the OCC applied across the OFDM symbols.

An illustration of the DMRS design is shown below. In Fig. 1, a single-symbol type 1 DMRS along with the OCC sequence applied to the DMRS resource elements is shown for four ports belonging to the same CDM group. With single-symbol DMRS, 2 orthogonal ports per CDM group can be obtained. Four ports are available for DMRS in CDM group 0 – 1000, 1001, 1004 and 1005. With only one front-loaded DMRS symbol, the port 1000 is identical to 1004 and 1001 is identical to 1005. The port 1000 or 1004 is orthogonal to 1001 or 1005. With the addition of a second front-loaded DMRS symbol, as shown in Fig. 2, all 4 ports can be orthogonalized as a second OCC is applied across the two DMRS symbols. In configuration type 2 as well, the OCC leads to two orthogonal ports per CDM group for single symbol DMRS.
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Figure 1: Configuration type 1, single symbol DMRS; Antenna ports 1000, 1001, 1004 and 1005 in CDM Group 0
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Figure 2: Configuration type 1, double symbol DMRS; Antenna ports 1000, 1001, 1004 and 1005 in CDM Group 0

Observation 1: The code-division multiplexing of DMRS ports until Rel. 17 is performed using orthogonal cover code sequences of length 2 – [+1 +1] or [+1 -1], thereby resulting in two orthogonal ports per CDM group with single-symbol DMRS for both DMRS configuration type 1 and type 2. 
Rel.-18 CDM enhancements to increase the number of orthogonal DMRS ports

The work item for Rel. 18 calls for the increase in the number of orthogonal DMRS ports, especially for MU-MIMO use-cases, without increasing the DMRS overhead. This implies the following:
1. The resource mapping, allocation and any design aspect of the DMRS involved in controlling the number of DMRS resource elements for a given PxxCH transmission should not be modified, 
2. The number of ports per CDM group for a given DMRS configuration is increased, 
3. Rel. 18 DMRS design shall have better MU-MIMO performance than Rel. 15-17 designs.

The above description of the tasks of the work item is understood in the sense that the only part of the DMRS design that is modified is the code-division-multiplexing of the DMRS ports. 

With the above understanding of the DMRS CDM design until Rel. 17, the following aspects are evident for the increase of the orthogonal DMRS ports. The orthogonal cover code, which is currently of length 2, provides only two DMRS ports per CDM group. An increase of the CDM code or sequence length is therefore required to increase the number of orthogonal ports per CDM group. Since DMRS overhead, resource allocation, etc. are not to be modified, the time-domain CDM (the CDM sequence applied across symbols), where the application is performed on a maximum of 2 possible DMRS symbols, cannot be modified. The increase in the length of the CDM or any enhancement in the CDM to increase the number of orthogonal ports is to be performed across REs within a DMRS symbol, in the frequency domain.

Proposal 1: The code-division-multiplexing sequence applied across REs in a DMRS symbol needs to be enhanced to increase the number of orthogonal DMRS ports.

Proposal 2: The CDM sequence length (which is equal to 2 for the OCC) shall be increased.

The above proposal means that the CDM sequence shall be applied for a length of 3 or more. However, to double the number of ports, as the work item description states, the CDM sequence length shall be increased to at least 4 REs.

Proposal 3: The length of the CDM sequence applied to the REs in a DMRS symbol shall be increased to at least 4 for both DMRS type 1 and DMRS type 2 to double the number of orthogonal DMRS ports.

In the case of DMRS type 2, it would mean that the CDM sequence length is extended to all the REs in a PRB for a given DMRS port. For DMRS type 1, the number of DMRS resource elements per PRB in a symbol is 6. Hence, choosing a CDM sequence length of 4 would mean that the sequence length would not cover a complete PRB and it may be spread across PRBs. Therefore, the following candidate values for consideration are proposed.

Proposal 4: The candidate values for the increased length of the CDM sequence are as follows:
· DMRS configuration type 1: 4 or 6
· DMRS configuration type 2: 4
Evaluation of DMRS CDM designs for increasing the number of orthogonal DMRS ports

Link- and system-level evaluation assumption need to be agreed to evaluate any proposed CDM design. The link-level simulations are to be aimed at evaluating the channel estimation quality of a CDM design in single-user case. The system level simulations shall evaluate MU-MIMO scenarios for the new CDM design. The scenarios and settings to be used for the link- and system-level simulations are discussed below.

The link-level evaluations will be able to provide a comprehensive picture of the channel estimation performance provided by various CDM design proposals. For this purpose, the UE shall decode at least 4 layers the new CDM design proposals. With new designs of at least 4 orthogonal ports per CDM group due to a required CDM sequence length of at least 4, having as many number of ports from the same CDM group as possible for the new CDM designs would provide sufficient information on the channel estimation quality and the effect of the port orthogonalization with the new CDM designs on the same.

Proposal 5: Perform link-level simulations for single-user MIMO case with at least 4 layers in which as many ports as possible are taken from the same CDM group for any proposed CDM design.

To have parity with the legacy DMRS in terms of the transport block size, DMRS overhead, DMRS power, etc., the following are proposed:
· The number of DMRS symbols, i.e., the number of front-load symbols and number of additional positions, for legacy DMRS and the proposed DMRS designs shall be identical. 
· The DMRS symbols shall not carry any data for both legacy DMRS and proposed DMRS designs.
· The power-scaling for DMRS, magnitude of individual DMRS REs (which is equal to 1 for legacy DMRS) shall be maintained for the new DMRS designs as well.
With the aforementioned conditions, a fair comparison of the channel estimation quality, and hence the BLER, is possible.

Proposal 6:  The DMRS overhead (and thereby, the transport block size), power scaling and per-RE magnitude shall be identical for legacy and proposed DMRS designs for the link-level evaluations.
· The DMRS symbols shall not carry any data for both legacy DMRS and proposed DMRS designs.
· The number of DMRS symbols for legacy DMRS and the proposed DMRS designs shall be identical.
To understand the DMRS CDM designs’ suitability MU-MIMO scenarios, 2-4 users sharing the same time-frequency resources for UL transmission or DL reception can be considered for system-level simulations. They are provided with similar DMRS configuration in terms of the DMRS configuration type and symbols used. The primary test-case for MU-MIMO scenario is the use of DMRS ports of a given CDM group split across multiple users. In addition,  

Proposal 7: For system-level MU-MIMO scenario evaluation, allow the use of DMRS ports of a given CDM group split across multiple users.
Further considerations

The other specification impacts of this feature are as follows:
· Indication of the enhanced DMRS ports via the DCI for UL and DL: With the increase in the number of DMRS ports and hence, the possible port indices, the DCI field for the indication of the DMRS ports needs to be enhanced as well to support the newly added and/or modified port indices.
· Formulation of the DMRS port indication tables with the enhanced DMRS designs: With the modification of the CDM designs and the number of ports per CDM group, the DMRS port indication tables are to be enhanced for various DMRS configurations, supported rank values and number of codewords. 
· Analysis of specification impacts in MU-MIMO cases: With various users sharing similar or identical DMRS configurations, the consequences to the rate-matching of PDSCH or PUSCH across users and DMRS indication in such scenarios have to be further discussed. 
Proposal 8: Further specification impacts of this features that need to be discussed are as follows:
· Indication of the enhanced DMRS ports via the DCI for UL and DL
· Formulation of the DMRS port indication tables with the enhanced DMRS designs
· Analysis of MU-MIMO scenario impacts
Conclusion

From the discussions above, the following observation and proposals are made in this contribution. 

Observation 1: The code-division multiplexing of DMRS ports until Rel. 17 is performed using orthogonal cover code sequences of length 2 – [+1 +1] or [+1 -1], thereby resulting in two orthogonal ports per CDM group with single-symbol DMRS for both DMRS configuration type 1 and type 2.

Proposal 1: The code-division-multiplexing sequence applied across REs in a DMRS symbol needs to be enhanced to increase the number of orthogonal DMRS ports.

Proposal 2: The CDM sequence length (which is equal to 2 for the OCC) shall be increased.

Proposal 3: The length of the CDM sequence applied to the REs in a DMRS symbol shall be increased to at least 4 for both DMRS type 1 and DMRS type 2 to double the number of orthogonal DMRS ports.

Proposal 4: The candidate values for the increased length of the CDM sequence are as follows:
· DMRS configuration type 1: 4 or 6
· DMRS configuration type 2: 4
Proposal 5: Perform link-level simulations for single-user MIMO case with at least 4 layers in which as many ports as possible are taken from the same CDM group for any proposed CDM design.

Proposal 6:  The DMRS overhead (and thereby, the transport block size), power scaling and per-RE magnitude shall be identical for legacy and proposed DMRS designs for the link-level evaluations.
· The DMRS symbols shall not carry any data for both legacy DMRS and proposed DMRS designs.
· The number of DMRS symbols for legacy DMRS and the proposed DMRS designs shall be identical.
Proposal 7: For system-level MU-MIMO scenario evaluation, allow the use of DMRS ports of a given CDM group split across multiple users.

Proposal 8: Further specification impacts of this features that need to be discussed are as follows:
· Indication of the enhanced DMRS ports via the DCI for UL and DL.
· Formulation of the DMRS port indication tables with the enhanced DMRS designs. 
· Analysis of MU-MIMO scenario impacts.
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