3GPP TSG RAN WG1 Meeting #90	        R1-1713156
Prague, Czech Republic, 21st - 25th August 2017
Agenda item:	6.1.2.3.3
Source:	LG Electronics
Title:	On DL and UL DMRS design
Document for:	Discussion and Decision
Introduction
In the previous RAN1 NR Ad-hoc meeting, we discussed front-load DMRS design for NR and some agreements were made as follows [1]:
	R1-1711797 	WF on DMRS sequence, Samsung, Ericsson, Qualcomm Incorporated, CATT, Nokia, Alcatel-Lucent Shanghai Bell, Intel, AT&T, NTT DOCOMO, INC., LG Electronics, KT Corp., MediaTek Inc., Mitsubishi Electric Co., Spreadtrum, Fujitsu, Xinwei, KDDI, Panasonic, ITL
Also supported SONY, KRRI

Agreement: Both in DL and UL DMRS for CP-OFDM, only PN sequence is supported

R1-1711784 	WF on DMRS design	MediaTek, Huawei, HiSilicon, China Telecom, ZTE, ASUSTek, CeWiT, Spreadtrum, Tejas Networks, CATR, Deutsche Telekom, IITH, Xinwei, MTI, CHTTL, China Unicom, IITM, ITRI

Agreements:
· The working assumption made in RAN1#89 for DM-RS is updated and agreed as follows for CP-OFDM:
· A UE is configured by higher layers with DMRS pattern either from the front-loaded DMRS Configuration type 1 or from the front-loaded DMRS Configuration type 2 for DL/UL:
· Configuration type 1:
· One symbol:
· Comb 2 + 2 CS, up to 4 ports
· Two symbols:
· Comb 2 + 2 CS + TD-OCC ({1 1} and {1 -1}), up to 8 ports
· Note: It should be possible to schedule up to 4 ports without using both {1,1} and {1,-1}.
· Configuration type 2:
· One symbol:
· 2-FD-OCC across adjacent REs in the frequency domain, up to 6 ports
· Two symbols:
· 2-FD-OCC across adjacent REs in the frequency domain + TD-OCC (both {1,1} and {1,-1}) up to 12 ports
· Note: It should be possible to schedule up to 6 ports without using both {1,1} and {1,-1}.
· From UE perspective, frequency domain CDMed DMRS ports are QCLed.
· FFS: Whether the front-load DMRS configuration type for a UE for UL and DL can be different or not.
· Note: If there are significant complexity/performance issues involved in the above agreements, down-selection can still be discussed

R1-1711783	WF on UL DMRS pattern for DFT-S-OFDM	LG Electronics, ZTE, Ericsson, NEC, NTT DOCOMO

Agreements:
· For DFT-S-OFDM based PUSCH DMRS
· DMRS are mapped to resource elements using a comb structure (IFDMA). 
· DMRS and associated PUSCH are multiplexed in time domain
· At least the following (repetition factor, CS) combinations is supported
· (2, 2)
· Front load DMRS is allocated to 1 or 2 OFDM symbols
· When 2 OFDM symbols are allocated, TD-OCC ({1 1} and {1 -1}) are supported for orthogonal DMRS port multiplexing.
· FFS the detailed applicability of 1 vs. 2 OFDM symbols
· FFS the location of the DMRS symbol(s)

R1-1711770	WF on DL DMRS for broadcast/multicast PDSCH	 LG Electronics, Qualcomm

Agreements:
· For broadcast/multicast PDSCH (other than PBCH), the PDSCH is transmitted with a single DMRS port:
· Support using only one front-load DMRS Configuration from Configuration 1 and Configuration 2. To down-select from:
· Alt 1: Configuration 1 (FFS 1 or 2 symbols) 
· Alt 2: Configuration 2 with 2 symbols
· Support additional DM-RS. To down-select from:
· Alt 1: Additional DMRS is always present 
· Alt 2: Additional DMRS is configurable
· FFS the number of additional DMRS symbol(s)

R1-1711722	WF on multiplexing between DMRS and data	ZTE, Qualcomm, KT Corp., DOCOMO

Agreements:
· Study further aspects related to DMRS and data multiplexing in DL and UL considering 14 and 7 symbol slots/mini-slots, 1 vs. 2 front loaded DM-RS symbols, additional DM-RS, etc.
· Study further aspects related to possibly power boosting DM-RS (performance, complexity, spec impact)

R1-1711666	WF on SS block and DM-RS collision handling	Intel

Agreements:
· Study further how to handle DM-RS and SS block collision (if any)
· E.g., changing DM-RS symbol(s) position in time domain, no PDSCH transmission on the collided PRBs, dropping the DM-RS symbol in collision, etc.

R1-1711771	WF on signalling DMRS configuration	LG Electronics, ZTE

Agreements:
· The number of front-load DMRS symbols can be 1 or 2 when the number of DMRS ports allocated to UE is equal or less than N
· N is 4 for Configuration 1 and 6 for Configuration 2.
· FFS the details to determine 1 or 2 symbols



In this contribution, we share LG’s views on remaining details for DL and UL DMRS design. 
Discussion
Multiplexing between DMRS and PDSCH
Figure 1 shows some evaluation results about PDSCH multiplexing effect in the 1 layer transmission case. In this simulation, 1 symbol front-load DMRS is considered. The detailed simulation assumptions are listed in Appendix. In Figure 1, ‘multiplexing’ means DMRS and PDSCH are multiplexed in the same OFDM symbol. And, ‘non-multiplexing’ means DMRS and PDSCH are not multiplexed in the same OFDM symbol and power boosting is applied to DMRS REs, i.e. 3dB for type 1 and 4.8dB for type 2.
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(a) Configuration type 1                                              (b) Configuration type 2
Figure 1. Spectral efficiency for 1 layer transmission
From Figure 1, multiplexing can obtain higher SE performance in high SNR region because of low RS overhead and it has more gain when additional DMRS is configured.
Observation #1: For 1 layer transmission with 1 symbol front-load DMRS, non-multiplexing between DMRS and PDSCH with power boosting for DMRS REs, i.e. 3dB for type 1 and 4.8dB for type 2, and multiplexing between DMRS and PDSCH have similar SE performance in low SNR region. On the other hand, multiplexing can obtain higher SE performance in high SNR region. Multiplexing has more gain when additional DMRS is configured.
Proposal #1: For 1 symbol front-load DMRS with configuration type 1 and type 2,
· Multiplexing between DMRS and PDSCH should be supported for 1 layer transmission.
 
Port multiplexing schemes
Figure 2 shows some evaluation results according to multiplexing schemes, i.e. FDM and CDM, in the 2 layers transmission case. In this simulation, 1 symbol front-load DMRS is considered. In Figure 2, ‘CDM’ means CDM is used for multiplexing between 2 DMRS ports. DMRS and PDSCH are also multiplexed in the same OFDM symbol. And, ‘FDM’ means FDM is used for multiplexing between 2 DMRS ports. DMRS and PDSCH are not multiplexed in the same OFDM symbol and power boosting for DMRS REs is applied, i.e. 3dB for type 1 and 4.8dB for type 2. The detailed simulation assumptions are provided in Appendix.
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(a) Configuration type 1                                              (b) Configuration type 2
Figure 2. Spectral efficiency for 2 layers transmission
Observations from the simulations on 2 layers transmission are as follows. For 1 symbol front-load DMRS with configuration type 1, FDM obtains higher SE performance than CDM when only front-load DMRS is configured. This is because FDM has a larger number of estimated channel coefficients for channel interpolation in frequency domain and CDM can causes performance loss in frequency selective channel. When additional DMRS is configured, FDM and CDM have similar SE performance because of increased RS overhead.
On the one hand, for 1 symbol front-load DMRS with configuration type 2, FDM can obtain higher SE performance than CDM when front-load DMRS is configured or front-load DMRS and additional DMRS are both configured. This is because configuration type 2 has a smaller number of estimated channel coefficients for channel interpolation in frequency domain when CDM is used. And, more power can be used for power boosting for DMRS REs, i.e. 4.8dB. As a result, FDM can improve SE performance even though it causes more RS overhead than CDM.
Observation #2: Observations on multiplexing schemes in 2 layers transmission case are as follows:
· For 1 symbol front-load DMRS with configuration type 1, FDM with power boosting, i.e. 3dB, can obtain higher SE performance than CDM with PDSCH multiplexing when only front-load DMRS is configured. When additional DMRS is configured, FDM and CDM have similar SE performance. 
· For 1 symbol front-load DMRS with configuration type 2, FDM with power boosting, e.g. 4.8dB, can obtain higher SE performance than CDM with PDSCH multiplexing when front-load DMRS is configured or front-load DMRS and additional DMRS are both configured.
Proposal #2: For 1 symbol front-load DMRS with configuration type 1 and type 2, FDM with power boosting, i.e. 3dB for type 1 and 4.8dB for type 2, for 2 layers transmission should be supported. 

· 7 symbols slot
Figure 3 shows some evaluation results about multiplexing schemes, i.e. FDM and CDM, for 7 symbols slot in the 2 layers transmission case. In this simulation, 1 symbol front-load DMRS is considered. In Figure 3, ‘CDM’ and ‘FDM’ are the same as described above. The detailed simulation assumptions are provided in Appendix.
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(a) Configuration type 1                                        (b) Configuration type 2
Figure 3. Spectral efficiency for 7 OFDM symbols slot
From Figure 3, we can observe that CDM has higher SE performance than FDM in 2 layers transmission case. The performance degradation due to RS overhead coming from FDM is large in the case of 7 symbols slot. And, the smaller the number of symbols, the greater the performance degradation is expected due to increased RS overhead.
Observation #3: For 7 symbols slot, CDM with PDSCH multiplexing has higher SE performance than FDM with power boosting, i.e. 3dB for type 1 and 4.8dB for type 2, in 2 layers transmission case.
Proposal #3: For 7 or less symbols slot, CDM should be supported for 2 layers transmission.

DMRS table for indication of antenna port(s) and number of layers
DMRS configuration type 1 and type 2 have the different total number of orthogonal DMRS ports, i.e. 8 ports for type 1 and 12 ports for type 2. Therefore, a very large size of DCI filed would be required if the overall combination of antenna port(s) and number of layers is defined in the same DMRS table. As a result, different DMRS table should be defined according to DMRS configuration type in order to reduce DCI payload size.
Proposal #4: Different DMRS table should be defined according to DMRS configuration type.
Maximum number of the orthogonal DMRS ports was agreed as 12. Therefore, dynamic selection of scrambling ID to generate the quasi-orthogonal DMRS ports does not seem to be necessary when 8 orthogonal DMRS ports are supported for type 1 and 12 orthogonal DMRS ports for type 2. On the other hand, the maximum number of orthogonal DMRS ports is limited to 4 for type 1 and 6 for type 2 when the maximum number of front-load DMRS is configured to 1. Thus, when the maximum number of front-load DMRS is configured to 1, the dynamic selection of scrambling ID that from two candidates configured by RRC signaling can be considered to generate the quasi-orthogonal DMRS ports. 
Proposal #5: Dynamic selection of scrambling ID can be considered to generate the quasi-orthogonal DMRS ports when the maximum number of front-load DMRS is configured to 1.
Figure 4 shows an example of DMRS ports mapping for configuration type 1. 
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(a) 1 symbol front-load DMRS for type 1            (b) 2 symbol front-load DMRS for type 1
Figure 4. DMRS ports mapping for configuration type 1
Table 1. An example of DMRS table for configuration type 1 (5bits)
	value
	message

	#
	# of layers
	antenna port(s)
	# of symbols

	0
	1 layer
	P0
	1

	1
	1 layer
	P1
	1

	2
	1 layer
	P2
	1

	3
	1 layer
	P3
	1

	4
	2 layer
	P0/P1
	1

	5
	2 layer
	P2/P3
	1

	6
	3 layer
	P0/P1/P2
	1

	7
	4 layer
	P0/P1/P2/P3
	1

	8
	1 layer
	P0
	2

	9
	1 layer
	P1
	2

	10
	1 layer
	P2
	2

	11
	1 layer
	P3
	2

	12
	1 layer
	P4
	2

	13
	1 layer
	P5
	2

	14
	1 layer
	P6
	2

	15
	1 layer
	P7
	2

	16
	2 layer
	P0/P1
	2

	17
	2 layer
	P2/P3
	2

	18
	2 layer
	P4/P5
	2

	19
	2 layer
	P6/P7
	2

	20
	3 layer
	P0/P1/P2
	2

	21
	3 layer
	P3/P4/P5
	2

	22
	4 layer
	P0/P1/P2/P3
	2

	23
	4 layer
	P4/P5/P6/P7
	2

	24
	5 layer
	P0/P1/P2/P3/P4
	2

	25
	6 layer
	P0/P1/P2/P3/P4/P5
	2

	26
	7 layer
	P0/P1/P2/P3/P4/P5/P6
	2

	27
	8 layer
	P0/P1/P2/P3/P4/P5/P6/P7
	2

	28
	reserved
	reserved
	reserved

	29
	reserved
	reserved
	reserved

	30
	reserved
	reserved
	reserved

	31
	reserved
	reserved
	reserved



Table 1 shows an example of DMRS table for configuration type 1. In this table, the number of front-load DMRS symbols is dynamically configured either 1 or 2 when per UE rank is less than 5. Dynamic switching on the number of OFDM symbols for front-load DMRS should be supported because of dynamic switching between SU/MU-MIMO. Even though per UE rank is equal or less than 4, total transmission rank can be more than rank 4 considering MU-MIMO scheduling. Therefore, even though a UE receives rank N (N<5) PDSCH using N DMRS ports, it should be supported that front-loaded DMRS is transmitted using 2 OFDM symbols, taking into account MU-MIMO possibility with total transmission rank more than 4. If a UE is scheduled with SU-MIMO or MU-MIMO with total transmission rank less than 5, it is desirable to use one OFDM symbol DMRS considering the benefits of 1 OFDM symbol DMRS such as low DMRS overhead, early decoding and no phase noise impact. Therefore, the number of front-loaded DMRS OFDM symbol should be dynamically configured either 1 or 2 when per UE rank is less than 5. 
However, high DCI overhead for DMRS table, i.e. 5bits, is required. In order to reduce this high DCI payload size, high layer signaling, e.g. RRC, to configure the maximum number of front-load DMRS symbols can be considered. In addition to high layer signaling to configure the maximum number of front-load DMRS symbols, two scrambling IDs for low rank transmission, e.g. 1 and/or 2, can also be considered to generate quasi-orthogonal DMRS ports when the maximum number of front-load DMRS symbols is configured to 1. In this case, more DMRS ports can be supported for MU-MIMO by using quasi-orthogonal DMRS ports. Table 2 shows an example of DMRS table for configuration type 1 with 1 symbol front-load DMRS. As an example of our proposals, when the maximum number of front-load DMRS symbols is configured to 2, Table 1 is used and when it is 1 Table 2 is used. It makes sense to use Table 2 instead of Table 1 when an UE has equal or less than 4 Tx/Rx antennas, which commonly deployed in practice. 

Table 2. An example of DMRS table for configuration type 1 with 1 symbol front-load DMRS (4bits)
	value
	message

	#
	# of layers
	antenna port(s)
	# of symbols
	scrambling ID

	0
	1 layer
	P0
	1
	0

	1
	1 layer
	P1
	1
	0

	2
	1 layer
	P2
	1
	0

	3
	1 layer
	P3
	1
	0

	4
	2 layer
	P0/P1
	1
	0

	5
	2 layer
	P2/P3
	1
	0

	6
	3 layer
	P0/P1/P2
	1
	0

	7
	4 layer
	P0/P1/P2/P3
	1
	0

	8
	1 layer
	P0
	1
	1

	9
	1 layer
	P1
	1
	1

	10
	1 layer
	P2
	1
	1

	11
	1 layer
	P3
	1
	1

	12
	2 layer
	P0/P1
	1
	1

	13
	2 layer
	P2/P3
	1
	1

	14
	reserved
	reserved
	reserved
	reserved

	15
	reserved
	reserved
	reserved
	reserved



Proposal #6: The maximum number of front-load DMRS symbols should be configured by high layer signaling.
Proposal #7: DMRS table should be decided according to the maximum number of front-load DMRS symbols configured by high layer signaling, e.g. one of Table 1 and 2.
Proposal #8: The number of front-load DMRS OFDM symbols is dynamically configured either 1 or 2 when the maximum number of front-load DMRS is configured to 2 by high layer signaling.
DMRS tables for configuration type 2 should also be defined based on above proposals. DMRS ports mapping and the examples of DMRS table for configuration type 2 are shown in Appendix.
Furthermore, in some scenarios such as mmWave, maximum rank per UE is likely to be 2 since LOS is dominant. Therefore, the maximum rank that DMRS table supports also can be configured by high layer signaling, resulting in reducing DCI overhead for DMRS table.
Proposal #9: The maximum rank that DMRS table supports can be configured by high layer signaling, resulting in reducing DCI overhead for DMRS table.
In the high frequency band, T-CDM can cause performance loss due to phase noise. Thus, when the maximum number of front-load DMRS is configured to 2, limitation of TD-OCC code configured by high layer signaling, e.g. RRC, can be considered in order to restrict the TD-OCC code. In this case, phase rotation between two adjacent OFDM symbols due to phase noise can be compensated. This configuration can help UE to reduce the blind detection candidates for searching potential other UEs’ DMRS ports, and also the DCI payload size can be reduced by limiting DMRS ports with TD-OCC (1,-1).
Proposal #10: Support high layer configuration of disabling TD-OCC for high frequency band operations.

Power imbalance
Power imbalance issue of DMRS was shortly discussed in email; in summary, when DMRS ports are multiplexed using time domain OCC, transmission power of the two DMRS OFDM symbol can be different each other. Figure 5 shows this issue when four DMRS ports are multiplexed in the same comb, in case of DMRS configuration type 1. When OCC mapping pattern in Figure 5 is used to multiplex port 0,1,2,3, the average transmit power of each OFDM symbol can be different in worst case where, for example, the precoding weights of all transmit layers at the n-th transmit antenna are the same.
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Figure 5. DMRS transmit power imbalance


To address power imbalance issue, we propose the OCC mapping pattern shown in Figure 6, in which OCC mapping ,   are alternatively applied. As a result, it ensures peak power randomization over 2 RBs for type 1 and 1 RB for type 2, even in the case where the precoding weights of all transmit layers at the n-th transmit antenna are the same.
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Figure 6. OCC mapping pattern to address power imbalance issue

Proposal #11: Adopt OCC mapping pattern shown in Figure 6 to address power imbalance issue.

DMRS for broadcast PDSCH
· Front-load DMRS configuration 
For the case of broadcast PDSCH transmission, e.g. SIB, RAR and paging, only single port is used. So, one OFDM symbol is sufficient for front-load DMRS in this case. And considering robustness to frequency selectivity, DMRS configuration type 1 should be supported because of its high RS density in frequency domain.
Proposal #12: 1 symbol front-load DMRS with type 1 is used for the broadcast PDSCH transmission.

· Additional DMRS configuration
About the presence of and the number of additional DMRS, following two options can be considered.
- Option 1: the number of additional DMRS is fixed as maximum.
- Option 2: the number of additional DMRS is configurable. 
Option 1 ensures channel estimation performance for all UEs in the coverage of gNB regardless of UE speed and SINR at the cost of large DMRS overhead. Depending on how many slot composes one slot, the maximum number should be determined. For example, in a mini slot containing 1 or 2 symbols, no additional DMRS is needed and the number of additional DMRS is 1 for 7 symbols slot and 3 for 14 symbols slot, respectively. Taking into account the robust DMRS performance for broadcast PDSCH and no signaling overhead using PBCH or common DCI, we slightly more prefer Option 1.
On the other hands, option 2 can configure the number of additional DMRS, so that it can prevent unnecessary transmission of additional DMRS if specific scenarios such as indoor cell guarantees DMRS performance without additional DMRS or with low density DMRS. In this case, the presence and the number of additional DMRS can be configured through MIB in PBCH or DCI that is CRC masked by SI RNTI, RA RNTI or P (paging) RNTI. 
Proposal #13: Taking into account the robust DMRS performance for broadcast PDSCH and no signaling overhead using PBCH or common DCI, the number of additional DMRS symbols can be fixed as maximum.

DMRS to data power ratio
DMRS power boosting depends on port multiplexing order. Here, we assume that combs (i.e., FDM) are used first for port multiplexing and then F-CDM/T-CDM is used. 
For type 1, DMRS power boosting can be considered when single port is configured to an UE. In single port case, depending on whether data is FDM in DMRS OS, UE assumes 3dB power boosting or no boosting. Otherwise, UE assumes 3dB power boosting.
For type 2, DMRS power boosting can be considered when less than 3 ports are configured to an UE. Depending on whether data is FDM in DMRS OS, UE assumes 0, 3, or 4.77dB power boosting in single port case and assumes 3 or 4.77dB power boosting in two ports case. Otherwise, UE assumes 4.77dB power boosting.
Another issue we need to consider for power boosting is whether to support FDM multiplexing between DMRS and CSI-RS or SRS in the RBs where DMRS is transmitted which is discussed in [2]. We consider DMRS and SRS are not multiplexed in the same OFDM symbol and DMRS and CSI-RS can be multiplexed in the same OFDM symbol but not in the same RB. Based on this multiplexing scheme, simply, CSI-RS or SRS does not have an impact on DMRS power boosting.

Conclusion
In this contribution, we discuss some issues on remaining details for DL and UL DMRS design. From the discussion, we observed as follows:
Observation #1: For 1 layer transmission with 1 symbol front-load DMRS, non-multiplexing between DMRS and PDSCH with power boosting for DMRS REs, i.e. 3dB for type 1 and 4.8dB for type 2, and multiplexing between DMRS and PDSCH have similar SE performance in low SNR region. On the other hand, multiplexing can obtain higher SE performance in high SNR region. Multiplexing has more gain when additional DMRS is configured.
Observation #2: Observations on multiplexing schemes in 2 layers transmission case are as follows:
· For 1 symbol front-load DMRS with configuration type 1, FDM with power boosting, i.e. 3dB, can obtain higher SE performance than CDM with PDSCH multiplexing when only front-load DMRS is configured. When additional DMRS is configured, FDM and CDM have similar SE performance. 
· For 1 symbol front-load DMRS with configuration type 2, FDM with power boosting, e.g. 4.8dB, can obtain higher SE performance than CDM with PDSCH multiplexing when front-load DMRS is configured or front-load DMRS and additional DMRS are both configured.
Observation #3: For 7 symbols slot, CDM with PDSCH multiplexing has higher SE performance than FDM with power boosting, i.e. 3dB for type 1 and 4.8dB for type 2, in 2 layers transmission case.

Based on above observations, we propose as follows:
Proposal #1: For 1 symbol front-load DMRS with configuration type 1 and type 2,
· Multiplexing between DMRS and PDSCH should be supported for 1 layer transmission.
Proposal #2: For 1 symbol front-load DMRS with configuration type 1 and type 2, FDM with power boosting, i.e. 3dB for type 1 and 4.8dB for type 2, for 2 layers transmission should be supported. 
Proposal #3: For 7 or less symbols slot, CDM should be supported for 2 layers transmission.
Proposal #4: Different DMRS table should be defined according to DMRS configuration type.
Proposal #5: Dynamic selection of scrambling ID can be considered to generate the quasi-orthogonal DMRS ports when the maximum number of front-load DMRS is configured to 1.
Proposal #6: The maximum number of front-load DMRS symbols should be configured by high layer signaling.
Proposal #7: DMRS table should be decided according to the maximum number of front-load DMRS symbols configured by high layer signaling, e.g. one of Table 1 and 2.
Proposal #8: The number of front-load DMRS OFDM symbols is dynamically configured either 1 or 2 when the maximum number of front-load DMRS is configured to 2 by high layer signaling.
Proposal #9: The maximum rank that DMRS table supports can be configured by high layer signaling, resulting in reducing DCI overhead for DMRS table.
Proposal #10: Support high layer configuration of disabling TD-OCC for high frequency band operations.
Proposal #11: Adopt OCC mapping pattern shown in Figure 6 to address power imbalance issue.
Proposal #12: 1 symbol front-load DMRS with type 1 is used for the broadcast PDSCH transmission.
[bookmark: _GoBack]Proposal #13: Taking into account the robust DMRS performance for broadcast PDSCH and no signaling overhead using PBCH or common DCI, the number of additional DMRS symbols can be fixed as maximum.
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Appendix
A. Simulation assumptions
Table A-1. Simulation assumptions
	Assumptions
	Value

	Carrier frequency
	4GHz

	Subcarrier spacing
	60kHz

	Transmission layers for data channel
	SU-MIMO: 1/ 2 layers

	Transmission scheme
	· Multi-antenna port transmission schemes
· Identity matrix is used for precoding matrix

	Data allocation
	16 PRBs

	PRB bundling
	2

	Modulation order, Coding rate
	Link adaptation

	Channel coding scheme
	LTE turbo coding

	Channel estimation
	Real estimation

	UE speed
	3 km/h

	Channel model
	CDL-B with 100 ns

	TRP antenna configuration
	2 with per antenna element pattern in 3GPP TR36.873

	UE antenna configuration
	2 with omni-directional antenna element



B. DMRS tables for configuration type 2
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(a) 1 symbol front-load DMRS for type 2          (b) 2 symbols front-load DMRS for type 2
Figure B-1. DMRS ports mapping for configuration type 2
Table B-1. An example of DMRS table for configuration type 2 (6bits)
	value
	message

	#
	# of layers
	antenna port(s)
	# of symbols

	0
	1 layer
	P0 (w/ PDSCH multiplexing)
	1

	1
	1 layer
	P0
	1

	2
	1 layer
	P1
	1

	3
	1 layer
	P2
	1

	4
	1 layer
	P3
	1

	5
	1 layer
	P4
	1

	6
	1 layer
	P5
	1

	7
	2 layer
	P0/P1
	1

	8
	2 layer
	P2/P3
	1

	9
	2 layer
	P4/P5
	1

	10
	3 layer
	P0/P1/P2
	1

	11
	3 layer
	P3/P4/P5
	1

	12
	4 layer
	P0/P1/P2/P3
	1

	13
	5 layer
	P0/P1/P2/P3/P4
	1

	14
	6 layer
	P0/P1/P2/P3/P4/P5
	1

	15
	1 layer
	P0
	2

	16
	1 layer
	P1
	2

	17
	1 layer
	P2
	2

	18
	1 layer
	P3
	2

	19
	1 layer
	P4
	2

	20
	1 layer
	P5
	2

	21
	1 layer
	P6
	2

	22
	1 layer
	P7
	2

	23
	1 layer
	P8
	2

	24
	1 layer
	P9
	2

	25
	1 layer
	P10
	2

	26
	1 layer
	P11
	2

	27
	2 layer
	P0/P1
	2

	28
	2 layer
	P2/P3
	2

	29
	2 layer
	P4/P5
	2

	30
	2 layer
	P6/P7
	2

	31
	2 layer
	P8/P9
	2

	32
	2 layer
	P10/P11
	2

	33
	3 layer
	P0/P1/P2
	2

	34
	3 layer
	P3/P4/P5
	2

	35
	3 layer
	P6/P7/P8
	2

	36
	3 layer
	P9/P10/P11
	2

	37
	4 layer
	P0/P1/P2/P3
	2

	38
	4 layer
	P4/P5/P6/P7
	2

	39
	4 layer
	P8/P9/P10/P11
	2

	40
	5 layer
	P0/P1/P2/P3/P4
	2

	41
	6 layer
	P0/P1/P2/P3/P4/P5
	2

	42
	7 layer
	P0/P1/P2/P3/P4/P5/P6
	2

	43
	8 layer
	P0/P1/P2/P3/P4/P5/P6/P7
	2

	44
	reserved
	reserved
	reserved

	45
	…
	…
	…

	63
	reserved
	reserved
	reserved



Table B-2. An example of DMRS table for configuration type 2 with 1 symbol front-load DMRS (4bits)
	value
	message

	#
	# of layers
	antenna port(s)
	# of symbols

	0
	1 layer
	P0 (w/ PDSCH multiplexing)
	1

	1
	1 layer
	P0
	1

	2
	1 layer
	P1
	1

	3
	1 layer
	P2
	1

	4
	1 layer
	P3
	1

	5
	1 layer
	P4
	1

	6
	1 layer
	P5
	1

	7
	2 layer
	P0/P1
	1

	8
	2 layer
	P2/P3
	1

	9
	2 layer
	P4/P5
	1

	10
	3 layer
	P0/P1/P2
	1

	11
	3 layer
	P3/P4/P5
	1

	12
	4 layer
	P0/P1/P2/P3
	1

	13
	5 layer
	P0/P1/P2/P3/P4
	1

	14
	6 layer
	P0/P1/P2/P3/P4/P5
	1

	15
	reserved
	reserved
	reserved
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