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[bookmark: _Ref465963108]Introduction
In RAN plenary #94e, the work item on MIMO Evolution for Downlink and Uplink was approved [1]. One of the main objectives of the work item is DMRS enhancement, which is listed as below
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 this contribution, the design of doubling the number of orthogonal DMRS ports in Rel-18 is proposed. The issue of coexistence between legacy DMRS ports and new DMRS ports is also address. 
[bookmark: _Ref525738522][bookmark: _Ref471731770][bookmark: _Ref462669569]Scheme to increase number of orthogonal DMRS ports
There are in general three methodologies to double the number of orthogonal DMRS port, in the three dimensions of frequency, time, and code, as listed below
· Methodology 1: Interlace/FDM more orthogonal combs/blocks in frequency domain
· Methodology 2: Add more DMRS symbols in time domain
· Methodology 3: Apply larger size FD-OCC 

Apparently, methodology 1 changes the legacy tone pattern for DMRS. On transmitter side, it has impact to DMRS sequence generation and sequence to tone mapping. On receiver side, it has impact to DMRS tone extraction, channel estimation, and frequency domain interpolation post channel estimation. Due to large impact to specification and UE/gNB implementation, methodology 1 is not preferred. 
Methodology 2 can minimize the impact to specification and UE/gNB implementation, by simply double the DMRS symbols in time domain. However, it doubles the DMRS overhead, which would reduce the peak data rate. From performance point of view, methodology 2 is not preferred. 
Methodology 3 simply double the number of DMRS ports by applying size-4 OCC in frequency domain, as illustrated in Fig 1. It can keep the legacy DMRS pattern in both frequency and time domain. Therefore, it can minimize the impact to specification and UE/gNB implementation. From performance perspective, comparing to legacy DMRS, to support a same number of DMRS ports, say 8 ports, new DMRS generated via methodology 3 has performance gain over legacy DMRS, as shown in Fig 2. Obviously, to support 8 ports, legacy DMRS needs 2 DMRS symbols, while the new DMRS only needs a single DMRS symbol. The DMRS overhead reduction is the source of potential throughput enhancement with the new DMRS. It is noticed that at low SNR region, the new DMRS cannot harvest the throughput gain. The reason is that size-4 FD-OCC effectively reduced the density of DMRS “look” per DMRS port, which could lead to channel estimation loss at low SNR. Fortunately, at medium and high SNR, the channel estimation quality is comparable with legacy DMRS. Therefore, more significant gain can be achieved at higher SNR. 
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[bookmark: _Ref101793816]Fig 1: Double the number of DMRS ports with larger size FD-OCC for type 1 DMRS
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[bookmark: _Ref101990622]Fig 2: Performance of new DMRS (via size-4 FD-OCC) vs legacy DMRS 
Therefore, it is desired to adopt methodology 3 to enhance the DMRS in Rel-18. Methodology 3 had the following benefits. 
· It can achieve the goal of double number of DMRS ports (from NW perspective) to improve the system’s MU capacity with minimum impact to specification and UE/gNB implementation. 
· From single UE (SU) perspective, it can improve peak throughput of SU due to reduced DMRS overhead at medium and high SNR region.

The details of the new DMRS ports generated via methodology 3 are illustrated in following Fig 3, Fig 4, Fig 5, and Fig 6. 
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[bookmark: _Ref101992007]Fig 3: DMRS ports with 1 symbol type 1 DMRS
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[bookmark: _Ref101992010]Fig 4: DMRS ports with 2 symbol type 1 DMRS
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[bookmark: _Ref101992011]Fig 5: DMRS ports with 1 symbol type 2 DMRS
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[bookmark: _Ref101992012]Fig 6: DMRS ports with 2 symbol type 2 DMRS
With the above analysis, the following observation is drawn. 
Observation 1: Applying larger size FD-OCC can achieve the objective of doubling the number of orthogonal DMRS ports in Rel-18 with minimum impact to standards, and UE/gNB implementation. 
However, if we exam methodology 3 carefully, it still has some impact to SU channel estimation, due to the potentially co-scheduled MU in a same CDM group.
Consider the following example with 1 symbol type 1 DMRS. Consider a UE, denoted as UE A, which has the capability to support only 4 layers PDSCH. Therefore, from channel estimation perspective, the UE can estimate channel for at most 4 DMRS ports. It is assumed that UE A is scheduled with DMRS ports {1000, 1001, 1002, 1003}. If there is no co-scheduled MU UEs with UE A, UE A can estimate channels of DMRS based on its 4 ports channel estimation capability. However, if NW co-schedule a UE B with UE A on any of the DMRS ports {1008, 1009, 1010, 1011}, say 1008. From UE A’s perspective, it would see more than 4 DMRS ports due to SU+MU. However, UE A cannot handle more than 4 DMRS ports. We can assume two cases for UE A. In both cases, UE A’s channel estimation performance degrades. 
· Case 1: UE A is a legacy Rel-15/16/17 UE which is already deployed in the field. It has to run the existing channel estimation algorithm in the UE without any modification, which cannot remove the channel from port 1008 at all. Therefore, port 1008 would interfere with the channel estimation of port 1000 and 1001 and the interference is statistically with the same power level as the signal power, which effectively cap the SNR at 0dB. Legacy UE basically fails in this case.   
· Case 2: UE A is a new Rel-18 UE, while it still can only support up to 4 DMRS ports channel estimation. In this case, UE A can implement a new step to remove the channel from port 1008 by reverting the FD-OCC in frequency domain, before channel estimation for ports {1000, 1001, 1002, 1003}. However, this reverting operation has to be done across the new FD-OCC tone range, which is 8 tones. To make sure the channel of port 1008 can be perfectly removed, the channels have to be flat across the 8 tones FD-OCC range. In practice, due to channel delay spread, this reverting FD-OCC operation cannot fully remove the interference from port 1008. The residual channel from port 1008 would still degrade the channel estimation performance of the serving ports 1000 and 1001 for UE A. The simulation result as shown in Fig 7 confirmed such performance loss due to imperfect FD-OCC reversion in TDL-C channel with delay spread of 300ns.
· For case 2, with double DMRS symbols, if the reverting of OCC is in time domain, the delay spread has no impact. As long as the Doppler is not super large, the reversion of TD-OCC can be nearly perfect. This would allow MU ports even in the same CDM group. For example, {1000,1001,1008,1009} for UE A, with {1004,1005,1012,1013} for UE B can be co-scheduled, as the MU ports can be removed via reverting the TD-OCC in time domain. However {1000,1001,1004,1005} for UE A co-scheduled with {1008,1009,1012,1013} for UE B would still require revert FD-OCC in frequency domain, which would cause performance degradation. 
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[bookmark: _Ref101993719]Fig 7: Example performance degradation due to reverting FD-OCC before channel estimation
To resolve this issue, there are two solutions in general, which are listed below. 
· Solution 1: double UE’s capability of channel estimation to accommodate the channels from co-scheduled MU, i.e., for a UE with 4-layer MIMO capability for SU, force the UE to support up to 8 DMRS ports, due to potential co-scheduled MU. Similarly, for a UE with 8-layer MIMO capability for SU, force the UE to support up to 16 DMRS ports, due to potential co-scheduled MU. 
· Solution 2: apply certain restrictions on MU ports co-scheduling to avoid co-scheduled SU+MU DMRS ports exceeding the total number of DMRS ports that a UE can support

Apparently, solution 1 does not make sense. There is no motivation to force UE to double its channel estimation capability just for a potentially co-scheduled MU. Therefore, solution 2 should be adopted in RAN1. Furthermore, one should notice that such restrictions already exist in Rel-15, as in TS 38.214 Section 5.1.6, with related specification text copied below. 
For DM-RS configuration type 1, 
-	if a UE is scheduled with one codeword and assigned with the antenna port mapping with indices of {2, 9, 10, 11 or 30} in Table 7.3.1.2.2-1 and Table 7.3.1.2.2-2 of Subclause 7.3.1.2 of [5, TS 38.212], or
-	if a UE is scheduled with two codewords, 
the UE may assume that all the remaining orthogonal antenna ports are not associated with transmission of PDSCH to another UE.
For DM-RS configuration type 2, 
-	if a UE is scheduled with one codeword and assigned with the antenna port mapping with indices of {2, 10 or 23} in Table 7.3.1.2.2-3 and Table 7.3.1.2.2-4 of Subclause 7.3.1.2 of [5, TS38.212], or
-	if a UE is scheduled with two codewords, 
the UE may assume that all the remaining orthogonal antenna ports are not associated with transmission of PDSCH to another UE.

With the above analysis, the follow observation and proposal are made.
Observation 2: To avoid co-scheduled SU+MU DMRS ports exceeding the total number of DMRS ports that a UE can support, certain restrictions are needed on co-scheduled MU ports. 
[bookmark: _Hlk95315192]Proposal 1: Apply larger size FD-OCC (for both type-1 and type-2 DMRS) to increase number of orthogonal DMRS ports for PDSCH and PUSCH, with restrictions as listed below 
· [bookmark: _Ref463027406][bookmark: _Ref465963195][bookmark: _Ref466040522][bookmark: _Ref378529477][bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168][bookmark: _Ref525738606][bookmark: _Ref7626308][bookmark: _Ref21100018]For single symbol DMRS, a UE does not expect DMRS ports from a co-scheduled UE in a same CDM group as the UE.
· For double symbol DMRS, a UE does not expect DMRS ports from a co-scheduled UE in a same CDM group as the UE, unless the UE and the co-scheduled UE each associated with a distinct TD-OCC for their DMRS ports respectively. 
Conclusions
In summary, we have the following observations and proposal for increasing the number of orthogonal DMRS ports for Rel-18 MIMO evolution. 
Observation 1: Applying larger size FD-OCC can achieve the objective of doubling the number of orthogonal DMRS ports in Rel-18 with minimum impact to standards, and UE/gNB implementation. 
Observation 2: To avoid co-scheduled SU+MU DMRS ports exceeding the total number of DMRS ports that a UE can support, certain restrictions are needed on co-scheduled MU ports. 
Proposal 1: Apply larger size FD-OCC (for both type-1 and type-2 DMRS) to increase number of orthogonal DMRS ports for PDSCH and PUSCH, with restrictions as listed below 
· For single symbol DMRS, a UE does not expect DMRS ports from a co-scheduled UE in a same CDM group as the UE.
· For double symbol DMRS, a UE does not expect DMRS ports from a co-scheduled UE in a same CDM group as the UE, unless the UE and the co-scheduled UE each associated with a distinct TD-OCC for their DMRS ports respectively. 
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