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Introduction
The following objectives were agreed for DMRS enhancement in Rel-18 MIMO Evolution WID[1]:
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
5. 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 this contribution, we will discuss the evaluation assumption and potential specification solutions for DMRS enhancement in Rel-18.
Discussion
1.1. Enhancement for more orthogonal DMRS ports
In Rel-15/16, type 1 and type 2 DMRS can support up to 8/12 orthogonal DMRS ports. It was proposed that Rel-18 should support more orthogonal ports for some special scenarios, e.g. mTRP transmission. For example, in coherent JT scenarios with MU-MIMO, orthogonal DMRS ports may be needed for UEs served by different TRPs and scheduled in the same resources (e.g. UE0 with NC-JT and UE1 and UE2 multiplexed with UE0 in different TRPs in Fig.1). In this case, more orthogonal DMRS ports may be benefit. System level simulation may be needed to evaluate the required number of orthogonal DMRS ports. Link level simulation can be used to compare the performance of orthogonal DMRS and quasi-orthogonal DMRS. 


Fig.1: UE multiplexing in different TRPs with mTRP transmission
For comparison of different solutions, LLS can be considered to evaluate the channel estimation performance. The channel estimation performance of different solutions can be impacted by some factors: 
· Reduced frequency density for each DMRS port in frequency selective channel
· The length and RE position of OCC in frequency selective channel
· Interference among DMRS ports with more multiplexed ports in the same REs
For evaluation of these factors, LLS is needed assuming that the DMRS ports not occupied by the target UE are allocated to other UEs. BLER and/or MSE can be considered as the metric of channel estimation performance.
Proposal: The scenarios and evaluation assumption for DMRS evaluation should be confirmed first.
· For justification evaluation, SLS and LLS can be considered.
· For performance comparison of different solutions, LLS can be considered with metric of BLER/MSE.
To support more orthogonal DMRS ports without increasing the DM-RS overhead, there are two ways to go:
· FDM: increasing the number of CDM groups in current DMRS resources
· CDM: increasing the number of orthogonal DMRS ports within each CDM group
For FDM, more CDM groups should be supported in one symbol, e.g. one legacy CDM group can be divided to two CDM groups. The channel estimation performance may be impacted due to less REs within one PRB. Furthermore, for type 1 DMRS, FDM may lead to 3 REs per CDM group per PRB, as shown in Fig.2, which makes legacy length-2 OCC difficult to work. Further study is needed for this case to ensure the orthogonality between DMRS ports within each CDM group, e.g. considering length-3 OCC. For type 2 DMRS, one CDM group can be split to two CDM groups with two adjacent REs per group. Legacy OCC can be easily applied as shown in Fig.3.
      
			            (FDM-1)                                                      (FDM-2)
Fig.2 Two examples for FDM with 4 CDM groups per symbol for type 1 DMRS

Fig.3 Example for FDM with 6 CDM groups per symbol for type 2 DMRS
For CDM, longer OCC (e.g. length-4 OCC instead of length-2 OCC) or additional cyclic shift can be considered to support more orthogonal DMRS ports within one CDM group. However, there are some potential issues which may impact the performance of enhanced DMRS:
· For type 1 DMRS, there are 6 subcarriers per CDM group in one PRB. It is difficult to directly apply length-4 OCC in one PRB.
· For type 1 and type 2 DMRS, length-4 OCC will be applied to 4 subcarriers with larger frequency spacing. The channel difference among the 4 REs may lead to significant performance loss in frequency selective channel. 
· For type 1 and type 2 DMRS, length-4 OCC will also reduce the frequency density of each DMRS port, with possible loss in frequency selective channel.
In this section, we provide some initial evaluation results for different solutions for type 1 DMRS. In detail, we compare the DMRS MSE of the following enhancement options:
· Legacy DMRS design as baseline
· CDM with length-4 OCC. Since there are only 6 DMRS REs within a PRB, the DMRS estimation is performed with a granularity of two PRBs. 
· FDM-1 in Fig.2 with length-3 OCC. The OCC [+1 +1 +1] and [+1 -1 +1] are applied. 
· FDM-2 in Fig.2 with length-2 OCC. Since there are only 3 DMRS REs within a PRB, the DMRS estimation is performed with a granularity of two PRBs.
· FDM-2 in Fig.2 with length-3 OCC. The OCC [+1 +1 +1] and [+1 -1 +1] are applied. 
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From the results, we can observe that:
· With small channel delay (30ns), the performance of different options is close. 
· With large channel delay (300ns), there is performance loss for enhanced DMRS compared to legacy DMRS due to channel frequency selective fading. 
· FD-OCC4 can provide better performance in low SNR due to additional noise restriction (noise combination of 4 DMRS REs).
· With large channel delay, for higher SNR, FDM-1 with length-3 OCC can provide best MSE among the enhancement options, and FD-OCC4 shows significant loss due to frequency selective fading.
It should be noticed that CDM with length-4 OCC and FDM-2 with length-2 OCC require estimation granularity of even PRBs, which would restriction the scheduling flexibility of MU-MIMO.
Proposal: For single symbol DMRS, CDM/FDM can be considered to extend the number of DMRS ports, e.g. with more CDM groups and/or longer OCC. Multiplexing between legacy UEs and Rel-18 UEs can be supported via different CDM groups.
Proposal: For two symbols DMRS, enhancement on single symbol DMRS can be reused for each symbol.
1.2. Uplink DMRS to support 4 and more layers per UE
For a UE supporting 8 ports transmission, supporting more than 4 layers can provide higher spectrum efficiency for UEs with good channel quality. Accordingly, uplink DMRS needs to be extended to more than 4 DMRS ports per UE. To support indication of more than 4 DMRS ports, the antenna port indication tables in 38.212 need to be updated. As a simple and straightforward way, the signaling for downlink DMRS can be reused. 
The typical application scenario of 8 ports uplink transmission is UEs working at FR1. For FR2, analog beamforming can be applied and less antenna ports are expected. It is uncertain that whether there will be UEs with 8 TXRUs in FR2. If yes, the PTRS-DMRS association should also be extended accordingly. The current tables in 38.212 for DCI format 0_1 and 0_2 can be directly extended to 8 DMRS ports.
In this section, we compare the uplink performance with different number of antenna ports and DMRS ports. The following three cases are evaluated:
· Legacy 4T32R with max 4 layers transmission.
· 8T32R with max 4 layers transmission. For uplink 8 ports transmission, DL 8Tx type 1 codebook is assumed with wideband beam and co-phasing. 
· 8T32R with max 8 layers transmission. For uplink 8 ports transmission, DL 8Tx type 1 codebook is assumed with wideband beam and co-phasing.
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From the results, it can observed that 8 ports uplink transmission with maximal 8 layers can provide significant gain over 4 ports transmission, and can be supported in Rel-18.
Proposal: The signaling for downlink DMRS can be reused to support more than 4 UL DMRS ports per UE.
· Whether 8 ports transmission is supported for FR2 and corresponding enhancement on PTRS-DMRS mapping needs further study.
1.3. Initial evaluation results
In this contribution, we discuss the evaluation assumption and potential solutions for Rel-18 DMRS enhancement. We also provide some initial evaluation results for different solutions. In summary, we have the following proposals for study of Rel-18 DMRS:
Proposal: The scenarios and evaluation assumption for DMRS evaluation should be confirmed first.
· For justification evaluation, SLS and LLS can be considered.
· For performance comparison of different solutions, LLS can be considered with metric of BLER/MSE.
Proposal: For single symbol DMRS, CDM/FDM can be considered to extend the number of DMRS ports, e.g. with more CDM groups and/or longer OCC. Multiplexing between legacy UEs and Rel-18 UEs can be supported via different CDM groups.
Proposal: For two symbols DMRS, enhancement on single symbol DMRS can be reused for each symbol.
Proposal: The signaling for downlink DMRS can be reused to support more than 4 UL DMRS ports per UE.
· Whether 8 ports transmission is supported for FR2 and corresponding enhancement on PTRS-DMRS mapping needs further study.
Conclusion
In this contribution, we discuss the UE feature for eMIMO enhancement in Rel-17 with the following proposals:
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Appendix
Table 1: Simulation assumption for more orthogonal DMRS ports. 
	Parameter
	Assumption

	Carrier Frequency
	3.5GHz

	Bandwidth
	20MHz

	Subcarrier spacing
	30KHz

	MCS
	64QAM/0.5

	UE bandwidth
	8 PRBs

	Number of UE antennas 
	[bookmark: _GoBack]4 ports, (M, N, P) = (1,2,2), (dH, dV) = (0.5, 0.5) λ,

	Number of gNB antennas
	32 ports, (M, N, P) = (4,4,2), (dH, dV) = (0.5, 0.5) λ,

	Channel Model
	CDL-C 30/300

	UE speed
	3km/h

	MU assumption
	The other DMRS ports in the CDM group are occupied by other UEs (with MU interference)

	Rank
	1

	Metric
	MSE 



Table 2: Simulation assumption uplink 8 ports DMRS
	Parameter
	Assumption

	Carrier frequency
	4GHz

	SCS,
	30kHz

	Channel model
	CDL-C in TR 38.901 with 300ns delay spread 

	System BW
	20MHz

	UE speed
	3km/h

	PRBs
	48

	Number of UE antennas 
	4Tx with (M, N, P) = (1,2,2), (dH, dV) = (0.5, 0.5) λ,
8Tx with (M, N, P) = (1,4,2), (dH, dV) = (0.5, 0.5) λ,

	Number of gNB antennas
	8R with (M, N, P) = (1,4,2), (dH, dV) = (0.5, 0.5) λ,
32R with (M, N, P) = (4,4,2), (dH, dV) = (0.5, 0.5) λ,

	Precoding 
	Wideband, DL 8Tx type 1 codebook (4,1)

	SRS periodicity 
	4 slots

	SRS Comb
	Comb 2 (FDM+CDM)

	AMC
	on

	HARQ
	on

	Metric
	Throughput
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