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1	Introduction
In RAN#94, enhancements on UL and DL DMRS operation were approved to be considered and specified as part of the MIMO evolution for Downlink and Uplink WID [1]. The objectives for the DMRS enhancements are stated as follows [1]:
	The work item aims to specify the enhancements identified for NR MIMO. The detailed RAN1 objectives are as follows: 
…
[bookmark: _Hlk102068073]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
       …


2	Discussion on UL/DL DMRS Design for Rel-18 

To enhance multiplexing capacity of downlink and uplink demodulation reference signal (DMRS) in for different use cases (e.g. MU-MIMO in DL and UL, C-JT in DL,), there is a need to study and if justified, increase the number of orthogonal antenna ports (AP) >12 for UL/DL DMRS in Rel-18.

2.1	Motivation for Increasing Number APs
Figure 1 shows DL MU-MIMO PDSCH mean and cell edge throughput in 3D-Umi-200m. Table 1 summarizes the system level simulation parameters. As shown, there is only marginal increase in DL MU-MIMO throughput by increasing the number of DMRS antenna port >12 for UEs with low rank (=1). Here, the maximum rank of UEs is restricted to 1.
Even though above preliminary DL MU-MIMO system level simulations have only shown marginal gains by increasing the number of DMRS Aps. Potential need for having >12 DMRS APs for DL MU-MIMO may exists in scenarios where low number UEs (<10 ) is served with higher rank (e.g. 2 or 4 or higher). Therefore, further study is required in those scenarios.  
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[bookmark: _Ref102069891]Figure 1 DL MU-MIMO PDSCH mean and cell edge throughputs with different number of DMRS APs (max rank per UE =1). 

[bookmark: _Hlk102069741]Observation 1:  12-AP DMRS specification support is sufficient DL MU-MIMO for UEs with low rank (=1).
Observation 2: It may be beneficial to provide specification support for >12 DMRS APs in DL MU-MO scenarios where low number of active UEs exist (<10) with higher rank (e.g. 2. 4 or higher). 
Proposal 1: Study the need >12 DMRS AP in DL MU-MIMO scenarios where low number of active UEs is served (<10) with higher rank (e.g. 2 or. 4 or higher).

[bookmark: _Ref102071515]Table 1 Summary of SLS parameters for preliminary simulations.
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2.2	Rel-18 DMRS Design Principles
Rel-18 target is to specify larger number of orthogonal DMRS port for DL and UL MU-MIMO with CP-OFDM without increasing DMRS overheads. In other words, the number of DMRS symbols can not be increased in Rel-18 with respect to legacy design. Furthermore, even though not explicitly stated in WD, UE processing times are expected to remain same level with respect to legacy. Moreover, to support existing ACK/NACK mechanisms, Rel-18 DMRS symbol locations should follow legacy way. Additionally, to support PDSCH/PUSCH mapping types A and B, Rel-18 symbol locations should follow legacy approach. Therefore, legacy front loaded single or double symbol UL/DL DMRS with additional 1-2 UL/DL DMRS  should be reused in Rel-18. 
Observation 3: To obtain same resource overhead with higher number of DMRS APs, the number of UL/DL DMRS symbols need to be same as in legacy.  
[bookmark: _Hlk102169497]Observation 4: Reuse of legacy UL/DL DMRS symbol positions enable good basis for Rel-18 DMRS design.
Proposal 2: Rel-18 DMRS can be configured with the same number of symbols as legacy.
Proposal 3: Reuse of legacy UL/DL DMRS symbol positions in Rel-18 DMRS 

2.2.1	Antenna Port Multiplexing Options and RE-patterns
To increase the number of DMRS Aps, two different design principles can be used for Rel-18 antenna port and RE-pattern design as:
· Principle 1: increasing the number of CDM groups
· Principle 2: Increasing number of antenna ports per CDM group

Also, we have considered two approaches : comb-type (DMRS type-1) or contiguous type (DMRS type-2) based with the consideration of backward compatibility with the legacy pattern. 

Design principle 1: Increasing number of CDM groups
Legacy type-1 pattern uses two CDM groups, and type-2 pattern uses three CDM groups. In order to increase the # of antenna ports, we can consider increasing the number of CDM groups double or more.
To increase the number of DMRS ports without increase the overhead, we can consider using more CDM groups. Increasing the number of CDM groups is equivalent to divide a legacy CDM group to more CDM groups, and this results in decreasing RE density per port. Two types of dividing can be considered; FDM and TDM, however, because TDM option has drawback of UL coverage issue due to symbol muting. To maintain common design principle between DL and UL DMRS we are only considering FDM options. And, TD-OCC is always considered for all double-symbol DMRS patterns.
Observation 5: TDM of CDM group cause UL coverage problem, and it is beneficial not to consider TDM of CDM group for DL/UL symmetric design. 
Figure 2 shows two examples of design principle 1 up to 16-APs with two DMRS symbols (option A) and up tp 24-APs with two DMRS symbol (option B). As can be seen, both options reuse on legacy configuration type-1. For option A, the number of CDM groups is up to 4 with OCC-2 and comb-4 is used with density 3 (w/o OCC) and 1 (w/ OCC). For option B, the number of CDM groups is up to 6 with OCC-2 and comb-6 is used with density 1 (w/o OCC) and 1 (w/ OCC).
For option A and B, the additional power boosting is possible by borrowing power from the empty REs used for the other ports. 6dB and 7.78dB power boosting is possible. However, because the RE separation for each OCC-2 pair is large, and the performance can be degraded with the frequency selective channel with longer delay spread.  
Though we can apply the design principle 1 to legacy DMRS type-2, we didn’t consider this option because DMRS positions are shifted in a frequency domain. 
Observation 6: Design principle 1 can provide support up to 16 and 24-APs with two DMRS symbols.
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[bookmark: _Ref102087486]Figure 2: Design principle 1: DMRS Option A w/ 16-APs and DMRS Option B w/ 24-APs

Design principle 2: groups Increasing number of antenna ports per CDM group 
Figure 3 shows two examples of design principle 2 with 24-APs with two DMRS symbols: option C and D. As shown, both options reuse the similar principle with the legacy configuration type-2, FD-OCC based. For option C, the number of CDM groups is up to 3 with OCC-4 used with density 3 (w/o OCC) and 1 (w/ OCC). For option D, the number of CDM groups is up to 2 with OCC-6 is used with density 6 (w/o OCC) and 1 (w/ OCC).  
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[bookmark: _Ref102089887]Figure 3: Design principle 2: DMRS Option C and Option D w/ 24-APs
[bookmark: _Hlk102168821]

Figure 4 shows two examples of design principle 2 with 24-APs with two DMRS symbols: option E and G. As can be observed, both options E and G use the mixture of legacy configurations type-1 and type-2. For option E, the number of CDM groups is up to 3 with OCC-4 used with density 4 (w/o OCC) and 1 (w/ OCC). For option G, the number of CDM groups is up to 2 with OCC-6 used with density 6 (w/o OCC) and 1 (w/ OCC). In fact, option E has the advantage of maintaining legacy type-2 RE allocation pattern while applying FD-OCC4 instead of FD-OCC2. 
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[bookmark: _Ref102089981]Figure 4: Design principle 2: DMRS Option E w/ 24-APs
Figure 5 shows two examples of design principle 2 with 24-APs with two DMRS symbols: options F and H. As shown, both of  options reuse on legacy configuration type-1. For option F, the number of CDM groups is up to 4 with OCC-4 and comb-3 used with density 4 (w/o OCC) and 1 (w/ OCC). For option H, the number of CDM groups is up to 2 with OCC-6 is used with density 6 (w/o OCC) and 1 (w/ OCC).
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[bookmark: _Ref102090586]Figure 5: Design principle 2: DMRS Options F,G and H w/ 24-APs

Observation 7: Design principle 2 can provide support with 6 different DMRS options up 24-APs with two DMRS symbols.
Table 2 shows the summary of the all options with respect to the # of CDM groups, FD-OCC level and compatibility with the legacy patterns. Rel-18 DMRS evaluation should consider several design consideration such as, channel delay spread, backward compatibility, PAPR etc.

Table 2. the summary of the considered options for DMRS patterns.
	Options
	# of CDM groups
	FD-OCC level
	Legacy compatibility
	Maximum number of ports (double symbol)

	A
	4
	FD-OCC2
	Type 1
	16

	B
	6
	FD-OCC2
	
	24

	C
	3
	FD-OCC4
	
	24

	D
	2
	FD-OCC6
	
	24

	E
	3
	FD-OCC4
	Type 2
	24

	F
	3
	FD-OCC4
	Type 1
	24

	G
	2
	FD-OCC6
	
	24

	H
	2
	FD-OCC6
	Type 1
	24




Proposal 4: Analyze feasibility of different DMRS options A-H for Rel-18, by taking into account aspects such as: channel delay spread, backward compatibility, PAPR. etc. 

2.2.2	Seq	uence Generation
In Rel-15 for DL/UL CP-OFDM same DMRS sequence was repeated in REs in different DMRS groups causing PAPR increase (1-3 dB). To improve PAPR and CM performance of DMRS, Rel-16 specified a support to generate different sequences for different DMRS groups by using enhanced way to initialize pseudo-random sequence generator as follows:

[image: ]
By using Rel-16 sequence generator initialization, the number of different CDM groups associated with sequences can be extended beyond existing (>3). By using Rel-16 sequence initialization and principle of associating different sequence to different CDM groups, the number of DMRS sequences can be easily scaled to support higher number of antenna ports.

Rel-16 design provides CDM group specific sequence initialization to reduce the PAPR, and the formular can support even more than 3 CDM groups. To support more than 3 CDM groups, nSCID should be clarified for the CDM group beyond 3, and the validity of the sequence should be studied if there is any duplication of the sequence according to different slot and symbol numbers. 
Observation 8: The validity of Rel-16 DMRS sequence initialization for beyond 3 CDM groups should be studied. 
Observation 9: By following Rel-16 sequence initialization and sequence association principles, the number of different DMRS sequence can be extended to support higher number of DMRS APs. 
When Rel-16 sequence initialization has limitation for # of CDM groups beyond 3, there are two options, one is to modify the formula and the other is to use decimated sequence with keeping the sequence to RE mapping of Rel-16. 
Proposal 5: Leverage existing Rel-16 sequence initialization and sequence association principles for >12 AP DMRS design.   

2.3	Numerical Results
To see the basic performance of the proposed options in the previous section, we have performed link-level simulation across all options with a plane channel without consideration of MU-MIMO scenario. 
Table A.1 summarizes the initial link-level simulation parameters for link-level simulations.
Figure 6 shows preliminary PDSCH throughput performance comparison with rank=2 between legacy types (1-2) and Rel-18 DMRS options (A-H). Table 3 summarizes PDSCH throughput results with rank=2 at 70%-tile.
Evaluation results show that most patterns are considered for small delay spread and SU-MIMO condition. However, option B shows performance loss due to large separation of two REs in a CDM group. There is slight performance gain with the patterns with larger FD-OCC (FD-OCC6) due to spreading gain. However, this gain should be evaluated with the channel with long delay and MU-MIMO scenario when orthogonality is broken due to frequency selectivity and multi-user interference. 
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[bookmark: _Ref102092456]Figure 6 PDSCH throughput performance comparison with rank=2 between legacy types (1-2) and Rel-18 DMRS options (A-H).

[bookmark: _Ref102092976]Table 3 summary of PDSCH throughput results w/ rank=2 at 70%-tile. 
	Option
	T1R16
	T2R16
	A
	B
	C
	D
	E
	F
	G
	H

	70%-TP [dB]
	12.86
	13.64
	14.23
	15.44
	13.77
	13.08
	13.64
	13.60
	12.92
	12.86



Observation 10: For Rank-2 with short delay and SU-MIMO channel, Legacy Type-1 and Rel-18 DMRS option H provides the best PDSCH throughput performances at 70%-tile. Patterns applying FD-OCC6 show relatively better performance. 
Observation 11: The performance evaluation should consider long delay channel and multi-user interference due to larger FD-OCC level as well as the distributed REs in frequency in a CDM groups. 

Figure 7 PDSCH PAPR performance comparison with rank=2 between legacy types (1-2) and Rel-18 DMRS options (A-H). Table 4 summarizes PAPR performance results with rank=2 at 5%-level.
All patterns show the similar level of PAPR as Rel-16 type 1/2 patterns, but small difference in  
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[bookmark: _Ref102092945]Figure 7 PAPR performance comparison w/ rank=2 between legacy and Rel-18 DMRS options.
Table 4 summary of PAPR performance comparison for different DMRS options at 5%-level.
	Option
	T1R16
	T2R16
	A
	B
	C
	D
	E
	F
	G
	H

	PAPR [dB]
	4.70
	4.70
	4.73
	4.75
	4.71
	4.74
	4.70
	4.70
	4.67
	4.70



Observation 12: For Rank-2, PAPR performance is nearly equal level with all Rel-18 DMRS options. However, Rel-18 DMRS option G provides slightly better PAPR performances at 5%-level.

Figure 8 shows PDSCH CM performance comparison with rank=2 between legacy types (1-2) and Rel-18 DMRS options (A-H).
Table 5 summarizes CM performance results with rank=2 at 5%-level.
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[bookmark: _Ref102093200]Figure 8 CM performance comparison w/ rank=2 between legacy and Rel-18 DMRS options.
[bookmark: _Ref102093051]Table 5 Summary of PAPR performance comparison for different DMRS options at 5%-level.
	Option
	T1R16
	T2R16
	A
	B
	C
	D
	E
	F
	G
	H

	CM [dB]
	3.72
	3.90
	4.13
	4.10
	3.82
	3.72
	3.90
	3.84
	3.72
	3.72



Observation 13: For Rank-2, Rel-18 DMRS options applying FD-OCC6 (D, G and H) and legacy type-1 provide slightly better CM performance than other patterns. 
Proposal 6: Study link-level PDSCH and PUSCH throughput performance of different DMRS options A-H with different rank and numerology options. Moreover, analyses different DMRS options according to PAPR and CM performance metrics. 
2.4	Evaluation Methodology Assumptions
Both link- and system level evaluations can be seen as import to understand the fundamental differences between the different Rel-18 DMRS design options for use of higher number of DMRS antenna ports in different scenarios. 
The system-level evaluations are mainly needed to understand the benefits of different antenna port multiplexing options with MU-MIMO transmissions in the multi-TRP environment, where the system-level aspects such intra-cell and inter-cell multi-user interference can be more accurately modelled with respect to link-level. Table 6 summarizes system-level evaluation assumptions for Rel-18 UL/DL DMRS
Table 6 system level evaluation assumptions for Rel-18 UL/DL DMRS. 
	Parameter
	Value

	Duplex, Waveform 
	FDD (TDD is not precluded), OFDM 

	Multiple access 
	OFDMA 

	Scenario
	Dense Urban (Macro only) is a baseline. 
Other scenarios (e.g. UMi@4GHz 2GHz, Urban Macro) are not precluded.

	Frequency Range
	FR1 only, 4GHz.

	Inter-BS distance
	200m 

	Channel model
	According to the TR 38.901 

	Antenna setup and port layouts at gNB
	Companies need to report which option(s) are used between
· 32 ports: (8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ 
· 16 ports: (8,4,2,1,1,2,4), (dH,dV) = (0.5, 0.8)λ
Other configurations are not precluded.

	Antenna setup and port layouts at UE
	4RX: (1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ for rank > 2
2RX: (1,1,2,1,1,1,1), (dH,dV) = (0.5, 0.5)λ for (rank 1,2) Type II overhead reduction
Other configuration is not precluded.

	BS Tx power 
	41 dBm

	BS antenna height 
	25m 

	UE antenna height & gain
	Follow TR36.873 

	UE receiver noise figure
	9dB

	BS receiver noise figure
	5dB (IMT 2020/3GPP model)

	Modulation 
	Up to 256QAM 

	Coding on PDSCH 
	LDPC
Max code-block size=8448bit 

	Numerology
	Slot/non-slot 
	14 OFDM symbol slot

	
	SCS 
	15kHz 

	Number of RBs
	52 for 15 kHz SCS

	Simulation bandwidth 
	10 MHz for 15kHz as a baseline, and configurations which emulate larger BW, e.g., same sub-band size as 40/100 MHz with 30kHz, may be optionally considered.

	Frame structure 
	Slot Format 0 (all downlink) for all slots

	MIMO scheme
	SU/MU-MIMO with rank adaptation is a baseline for overhead reduction.
For low RU, SU-MIMO or SU/MU-MIMO with rank adaptation are assumed for higher rank extension.
For medium/high RU, SU/MU-MIMO with rank adaptation is assumed for higher rank extension.

	MIMO layers
	For all evaluation, companies to provide the assumption on the maximum MU layers (e.g. 8 or 12)

	CSI feedback 
	Feedback assumption at least for baseline scheme
· CSI feedback periodicity (full CSI feedback) :  5 ms, 
· Scheduling delay (from CSI feedback to time to apply in scheduling) :  4 ms

	Overhead 
	Companies shall provide the downlink overhead assumption

	Traffic model
	Full buffer with varying numbers of active UEs (to be determined). 

	Traffic load (Resource utilization)
	· 50/70 % for CSI overhead reduction
· 20/50 % for high rank extension
Companies are encouraged to report the MU-MIMO utilization.

	UE distribution
	- 80% indoor (3km/h), 20% outdoor (30km/h) 

	UE receiver
	MMSE-IRC as the baseline receiver

	Feedback assumption
	Realistic

	Channel estimation
	Realistic



Proposal 7: To understand fundamental differences of different Rel-18 DMRS candidates, consider conducting performance evaluations with both link and system level simulations.

3	Conclusions
In the previous sections, the following observations and proposal have been made:
Observation 1:  12-AP DMRS specification support is sufficient DL MU-MIMO for UEs with low rank (=1).
Observation 2: It may be beneficial to provide specification support for >12 DMRS APs in DL MU-MO scenarios where low number of active UEs exist (<10) with higher rank (e.g. 2. 4 or higher). 
Proposal 1: Study the need >12 DMRS AP in DL MU-MIMO scenarios where low number of active UEs is served (<10) with higher rank (e.g. 2 or. 4 or higher).
Observation 3: To obtain same resource overhead with higher number of DMRS APs, the number of UL/DL DMRS symbols need to be same as in legacy.  
Observation 4: Reuse of legacy UL/DL DMRS symbol positions enable good basis for Rel-18 DMRS design.
Proposal 2: Rel-18 DMRS can be configured with the same number of symbols as legacy.
Proposal 3: Reuse of legacy UL/DL DMRS symbol positions in Rel-18 DMRS 
Observation 5: TDM of CDM group cause UL coverage problem, and it is beneficial not to consider TDM of CDM group for DL/UL symmetric design. 
Observation 6: Design principle 1 can provide support up to 16 and 24-APs with two DMRS symbols.
Proposal 4: Analyze feasibility of different DMRS options A-H for Rel-18, by taking into account aspects such as: channel delay spread, backward compatibility, PAPR. etc. 
Observation 8: The validity of Rel-16 DMRS sequence initialization for beyond 3 CDM groups should be studied. 
Observation 9: By following Rel-16 sequence initialization and sequence association principles, the number of different DMRS sequence can be extended to support higher number of DMRS APs. 
Proposal 5: Leverage existing Rel-16 sequence initialization and sequence association principles for >12 AP DMRS design.   
Observation 10: For Rank-2 with short delay and SU-MIMO channel, Legacy Type-1 and Rel-18 DMRS option H provides the best PDSCH throughput performances at 70%-tile. Patterns applying FD-OCC6 show relatively better performance. 
Observation 11: The performance evaluation should consider long delay channel and multi-user interference due to larger FD-OCC level as well as the distributed REs in frequency in a CDM groups. 
Observation 12: For Rank-2, PAPR performance is nearly equal level with all Rel-18 DMRS options. However, Rel-18 DMRS option G provides slightly better PAPR performances at 5%-level.
Observation 13: For Rank-2, Rel-18 DMRS options applying FD-OCC6 (D, G and H) and legacy type-1 provide slightly better CM performance than other patterns. 
Proposal 6: Study link-level PDSCH and PUSCH throughput performance of different DMRS options A-H with different rank and numerology options. Moreover, analyses different DMRS options according to PAPR and CM performance metrics. 
Proposal 7: To understand fundamental differences of different Rel-18 DMRS candidates, consider conducting performance evaluations with both link and system level simulations.
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  Appendix Link Level simulation assumption
Table A.1 Link-level evaluation assumptions.
	Simulation Parameter
	Value

	Numerology (SCS)
	15 KHz

	Channel
	TDL-A 30ns, 3km/h

	HARQ
	On, max. 4 HARQ transmissions

	Carrier frequency
	4GHz

	Bandwidth
	10MHz

	MCS
	16QAM ½, rank2

	Antenna setup
	2x2

	Channel estimation
	practical
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