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1. Introduction
This contribution is revised from R1-1712842.

In RAN1 90# meeting, the following working assumption and agreements were agreed with respect to DMRS pattern design [1]:
Conclusion:

· For broadcast/multicast PDSCH (other than PBCH), the PDSCH is transmitted with a single DMRS port: 

· Companies are encouraged to perform more analysis/evaluations. To conclude the DM-RS pattern in the next RAN1 meeting
Agreements:

· For CP-OFDM waveform based PUSCH and DFT-S-OFDM waveform based PUSCH without frequency hopping, the possible locations of UL DMRS symbol(s) are the same for a same number of DMRS symbol(s) for PUSCH

· FFS the case of DFT-S-OFDM waveform based PUSCH with frequency hopping
Agreements:
· For PDSCH, when one additional DMRS symbol is configured for the 1-symbol front-load DMRS in a 14-symbol slot with front-load DMRS on the 3rd or 4th symbol, the additional DMRS symbol can be configured in the 12th, 10th, 8th symbol, 

· FFS the applicability of each additional DMRS location depending on slot format or last PDSCH symbol, etc. 

Working assumption:
· For 14-symbol slot and 2-symbol front-load DMRS

· One 2-symbol additional DMRS can be configured

· Companies are encouraged to perform additional evaluations and design analysis, also taking into account 1-symbol front-load DM-RS

Agreements:

· For 14-symbol slot and 1-symbol front-load DMRS

· At least two 1-symbol additional DMRS may be configured

· FFS whether or not to additionally support three 1-symbol additional DMRS may be configured

· Companies are encouraged to perform additional evaluations and design analysis

Agreements:
· NR supports FDM between DMRS and PDSCH for CP-OFDM at least for some cases

· FFS the conditions for this feature

· NR supports FDM between DMRS and PUSCH for CP-OFDM at least for some cases

· FFS the conditions for this feature

· NR supports signaling for PDSCH rate matching in DMRS symbols

· FFS details
In this contribution, we provide our views on remaining details on DMRS design.
2. Discussion
2.1. DL DMRS design for a slot
For a 14-symbol slot and 1-symbol front-loaded DMRS, the location of 1-symbol additional DMRS was agreed in previous meeting. However, there are still some key issues for DL DMRS design for a slot, such as 2-symbol additional DMRS location, DMRS port(s) to layer(s) mapping, signalling of DMRS configuration, multiplexing of DMRS with other RSs/channels, and etc.
2.1.1. The location of 2-symbol addtional DMRS
In LTE system, it is rarely support a UE transmission with more than 4 layers. Similar as LTE system, in future NR system, the application scenarios for a UE transmission with more than 4 layers still relatively infrequency, though massive MIMO technique is applied. Generally, the use cases of deploying more than 4 layers are low speed and rich scattering. Considering the performance of demodulation, at least 1 additional DMRS can be configured for 2-symbol front-loaded DMRS case. 
Based on the simulation results of DMRS locations in figure 1, it is shown that the latest location of additional DMRS shows the best performance with the increasing of moving speed and MCS. 
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Figure 1: Comparisons of different DMRS location in 3km/h and 30km/h
Besides, from the perspective of chipset vendors, at least 2 symbols should be reserved for UE processing. Therefore, for a 14-symbol slot and 2-symbol front-loaded DMRS, the staring position of additional DMRS can be configured in the 10th or 11th symbol. Corresponding examples of 2-symbol additional DMRS locations are depicted in figure 2. However, for self-contain case, additional DMRS position can be further studied.
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Figure 2: Locations of 2 symbols DMRS 
Proposal 1:
· For 2-symbol front-loaded DMRS case, at least one 2-symbol additional DMRS can be configured.
· The starting position of 2-symbol additional DMRS can be configured in the 10th or11th symbol.
2.1.2. DMRS port to layer mapping
It was agreed both DMRS configration type 1 and configuration type 2 are supported in NR, different number of antenna ports are supported for different configuration. Addtionally, both 1 and 2 symbols DMRS can be configured for both DMRS configuration. Besides, SU-MIMO/MU-MIMO and single-TRP/multi-TRP transmission also should be considered for DMRS ports to layer mapping. Considering all above aspects, it is more complicated for DMRS ports to layer mapping than LTE system. 
Due to different DMRS ports number are supported for different DMRS configuration type and symbol number,  separate DMRS ports to layer mapping should be supported for different configuration. 
For transparent MU-MIMO transmission, DMRS ports within a CDM group can be allocated with high priority to support more user transmission simultamously. In addition to transparent MU-MIMO transmission, non-transparent MU-MIMO also should be considered. In non-transparent MU-MIMO case, rate matching tables besides DMRS port to layer mapping table should be specified. For multi-TRP transmission, different TRP can not be assumed QCL-ed, DMRS ports in different QCL group should be allocated with high priority to prevent interference. DMRS port to layer mapping methods in different cases are depicted in figure 3.
	Figure 3-1: Single-TRP SU-MIMO
	Figure 3-2: Multi-TRP SU-MIMO
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	Figure 3-3: Single-TRP MU-MIMO
	Figure 3-4: Multi-TRP MU-MIMO
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Figure 3: DMRS port to layer mapping methods in different cases 
Proposal 2:
· For DMRS port(s) to layer(s) mapping, the following rules can be considered:

· Different mapping tables for different DMRS configuration types.
· Different mapping tables for different DMRS symbols.
· CDM and FDM should both be supported for port multiplexing from a single UE perspective. 
· For non-transparent MU-MIMO, rate matching should be specified.
Examples of DMRS ports to layer mapping table are shown table 1 and table 2.
Table 1: 1-symbol DMRS ports to layer mapping with different front-loaded DMRS configuration types
	Value
	Configuration type 1
	Configuration type 2

	
	1 CW
	2 CWs
	1 CW
	2 CWs

	0
	1 layer, port 0
	
	1 layer, port 0
	5 layer, port 0-4

	1
	1 layer, port 1
	
	1 layer, port 1
	6 layer, port 0-5

	2
	1 layer, port 2
	
	1 layer, port 2
	

	3
	1 layer, port 3
	
	1 layer, port 3
	

	4
	2 layer, port 0-1
	
	1 layer, port 4
	

	5
	2 layer, port 2-3
	
	1 layer, port 5
	

	6
	2 layer, port 0,2
	
	2 layer, port 0-1
	

	7
	2 layer, port 1,3
	
	2 layer, port 2-3
	

	8
	3 layer, port 0-2
	
	2 layer, port 4-5
	

	9
	4 layer, port 0-3
	
	2 layer, port 0,2
	

	10
	
	
	2 layer, port 1,4
	

	11
	
	
	2 layer, port 3,5
	

	12
	
	
	3 layer, port 0-2
	

	13
	
	
	3 layer, port 3-5
	

	14
	
	
	4 layer, port 0-3
	

	15
	
	
	
	


Table 2: 2-symbol DMRS ports to layer mapping with different front-loaded DMRS configuration types
	Value
	Configuration type 1
	Configuration type 2

	
	1 CW
	2 CWs
	1 CW
	2 CWs

	0
	1 layer, port 0
	5 layer, port 0-4
	1 layer, port 0
	5 layer, port 0-4

	1
	1 layer, port 1
	6 layer, port 0-5
	1 layer, port 1
	5 layer, port 6-10

	2
	1 layer, port 2
	7 layer, port 0-6
	1 layer, port 2
	6 layer, port 0-5

	3
	1 layer, port 3
	8 layer, port 0-7
	1 layer, port 3
	6 layer, port 6-11

	4
	1 layer, port 4
	
	1 layer, port 4
	7 layer, port 0-6

	5
	1 layer, port 5
	
	1 layer, port 5
	8 layer, port 0-7

	6
	1 layer, port 6
	
	1 layer, port 6
	

	7
	1 layer, port 7
	
	1 layer, port 7
	

	8
	2 layer, port 0-1
	
	1 layer, port 8
	

	9
	2 layer, port 2-3
	
	1 layer, port 9
	

	10
	2 layer, port 4-5
	
	1 layer, port 10
	

	11
	2 layer, port 6-7
	
	1 layer, port 11
	

	12
	2 layer, port 0,2
	
	2 layer, port 0-1
	

	13
	2 layer, port 1,3
	
	2 layer, port 2-3
	

	14
	2 layer, port 4,6
	
	2 layer, port 4-5
	

	15
	2 layer, port 5,7
	
	2 layer, port 6-7
	

	16
	3 layer, port 0-2
	
	2 layer, port 8-9
	

	17
	3 layer, port 4-6
	
	2 layer, port 10-11
	

	18
	4 layer, port 0-3
	
	2 layer, port 0,2
	

	19
	4 layer, port 4-7
	
	2 layer, port 1,3
	

	20
	
	
	2 layer, port 4,6
	

	21
	
	
	2 layer, port 5,7
	

	22
	
	
	2 layer, port 8,10
	

	23
	
	
	2 layer, port 9,11
	

	24
	
	
	3 layer, port 0-2
	

	25
	
	
	3 layer, port 3-5
	

	26
	
	
	3 layer, port 6-8
	

	27
	
	
	3 layer, port 9-11
	

	28
	
	
	4 layer, port 0-3
	

	29
	
	
	4 layer, port 4-7
	

	30
	
	
	4 layer, port 8-11
	

	31
	
	
	
	


In LTE system, 1 CW and 2 CWs DMRS port to layer mapping are indicated separately. However, layer to CW mapping methods are tiny changed in NR, 2 CWs only supports mapping to more than 4 layers. If separating designed 1 CW and 2 CWs mapping table,  it would lead to additional signalling overhead, espicailly in the case of 2 CWs mapping. Therefore, joint design 1 CW and 2 CWs DMRS port to layer mapping can be considered.
Proposal 3:
· Port indexing could be jointly encoded with number of layers to reduce signaling overhead. 
2.1.3. DMRS configuration
It was agreed front-loaded DMRS is fixed on the 3rd or 4th symbol of the slot, but it is still confused to use PBCH or RMSI or RRC signaling indication. To prevent ambiguous before correcting demodulating RMSI or RRC signaling, it is better to indicate the location front-loaded DMRS in PBCH. Additionally, to reduce implementation complexity, we prefer only one front-loaded DMRS configuration with fixed symbol(s) for broadcast/multicast PDSCH.
Proposal 4:
· The location of front-loaded DMRS can be indicated implicitly or explicitly by PBCH.
2.1.4. Multiplexing of DMRS with other RSs/channels
From the perspective of UE, for multiplexing of DMRS and CSI-RS for beam management, as DMRS and CSI-RS beam(s) may different, it is hard to multiplexing in anytime. For multiplexing of DMRS and CSI-RS for CSI acquisition, it seems more complicated for MU-MIMO case, additional signaling should be introduced. However, mapping CSI-RS to potential additional DMRS location should be supported if additional DMRS is not transmitted.

From the perspective of UE, for multiplexing of DMRS with PTRS, at least PTRS mapping to the lowest DMRS port index should be supported. Besides, to prevent always collision between PTRS with CSI-RS or TRS, PTRS port can shift within the lowest DMRS port subcarriers within a PRB.
From the perspective of UE, for multiplexing of DMRS with TRS, as TRS may reuse CSI-RS, same handling methods as CSI-RS can be considered.
From the perspective of UE, for multiplexing of DMRS with SS blocks symbols, only FDM should be supported. For the remaining symbols without SS blocks in a slot, mini-slot DMRS design can be considered.
From the perspective of UE, for multiplexing of mini-slot DMRS with mini-slot PDCCH symbols, only FDM should be supported to prevent DMRS interference to mini-slot PDCCH. For multiplexing of normal slot DMRS with mini-slot, DMRS will be punctured to ensure mini-slot transmission.

Proposal 5:
· From the perspective of UE, for multiplexing DMRS with other resources, 
· Multiplexing between DMRS and CSI-RS should be avoided by network configuration, while CSI-RS can be mapped to additional DMRS location when additional DMRS is not configured.
· Same handling methods as CSI-RS can be considered for multiplexing of DMRS and TRS.
· Mini-slot DMRS and mini-slot PDCCH can be multiplexed on mini-slot PDCCH symbols by FDM.

· DMRS will be punctured when colliding with mini-slot.
2.2. DMRS design for broadcast/multicast PDSCH

The location of 1-symbol addtional DMRS was agreed in last RAN1 meeting. However, the final pattern for broadcast/multicast PUSCH is still in disputed. For broadcast/multicast PDSCH transmitted with a single DMRS port, examples of potential DMRS pattern are depicted in figure 4. Comparision of the front-loaded DMRS Configuration type 1 and Configuration type 2 are shown in figure 5.
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Figure 4: Broadcast/multicast PDSCH DMRS pattern
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Figure 5: Comparision of front-loaded DMRS Configuration type 1 and Configuration type 2  

Based on above simulation results, front-loaded DMRS Configuration type 1 shows better performance than front-loaded DMRS Configuration type 2.

Proposal 6:
· For broadcast/multicast PDSCH, only front-loaded DMRS Configuration type 1 should be supported.
2.3. DMRS design for mini-slot
For mini-slot PDSCH DMRS design, it has been agreed that the first DMRS postion is located at the first symbol of schedule data. However, when mini-slot PDSCH and PDCCH are multiplexed within the first mini-slot symbol by the way of FDM, a special handling should be supported. Mini-slot PDSCH DMRS should be separated mapping for different parts. Example of mini-slot PDSCH DMRS design for above case is depicted in figure 6, independent mini-slot PDSCH DMRS mapping can be considered to prevent collision between mini-slot PDSCH DMRS and PDCCH resources.
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Figure 6: Mini-slot PDSCH DMRS design
Proposal 7:
· When mini-slot PDSCH and PDCCH are FDMed within the first mini-slot symbol, mini-slot PDSCH DMRS should be shifted to the next symbol in the part where there is collision between mini-slot PDSCH and mini-slot PDCCH.

In LTE system, normal TTI and sTTI sharing the same DMRS is supported. However, it is more complicated in NR due to mini-slot symbol number can be 1 symbol to less than 14 symbols. To reduce the overhead of DMRS and achieve fast decoding, especially in the case of a UE is scheduled mini-slot and normal slot transmission at the same time, DMRS sharing between mini-slot and normal slot should be supported.
Proposal 8:
· At least in the case of a UE is scheduled mini-slot and normal slot transmission at the same time, DMRS sharing between mini-slot and normal slot should be supported.

2.4. UL DMRS design
For PDSCH DMRS pattern design, 1-symbol front-loaded DMRS and 1 additional DMRS patterns were agreed. Similar to PDSCH, the considerations of PDSCH DMRS pattern design also can be appied for PUSCH DMRS design, such as signalling overhead, processing time, UL and DL gap and etc. Besides, power ramping problem also should be considered. If the first symbol of DMRS is the first schedule data symbol, demodulation performence may be deterioration due to power ramping problem.
Examples of UL 1-symbol and 2-symbol front-loaded DMRS pattern are depicted in figure 7.
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Figure 7: PUSCH DMRS pattern

Proposal 9:
· The starting position of front-loaded DMRS of PUSCH is always in the 2nd symbol.
· If one additional DMRS symbol is configured:

· For 1-symbol additional DMRS, the starting position of additional DMRS at least includes 12th symbol.
· For 2-symbol additional DMRS, the starting position of additional DMRS at least includes 11th symbol.
It was agreed DMRS for different links can be configured to be orthogonal to each other in previous RAN1 meeting. However, based on current DMRS desgin agreements, it seems that target is very difficault to be achived.
3. Conclusion

In this contribution, DMRS design for normal slot, mini-slot and slot aggregation scenario are discussed with the following proposals:
Proposal 1:
· For 2-symbol front-loaded DMRS case, at least one 2-symbol additional DMRS can be configured.
· The starting position of 2-symbol additional DMRS can be configured in the 10th or11th symbol.
Proposal 2:
· For DMRS port(s) to layer(s) mapping, the following rules can be considered:

· Different mapping tables for different DMRS configuration types.

· Different mapping tables for different DMRS symbols.
· CDM and FDM should both be supported for port multiplexing from a single UE perspective. 
· For non-transparent MU-MIMO, rate matching should be specified.
Proposal 3:
· Port indexing could be jointly encoded with number of layers to reduce signaling overhead. 
Proposal 4:
· The location of front-loaded DMRS can be indicated implicitly or explicitly by PBCH.
Proposal 5:
· From the perspective of UE, for multiplexing DMRS with other resources, 
· Multiplexing between DMRS and CSI-RS should be avoided by network configuration, while CSI-RS can be mapped to additional DMRS location when additional DMRS is not configured.
· Same handling methods as CSI-RS can be considered for multiplexing of DMRS and TRS.
· Mini-slot DMRS and mini-slot PDCCH can be multiplexed on mini-slot PDCCH symbols by FDM.

· DMRS will be punctured when colliding with mini-slot.
Proposal 6:
· For broadcast/multicast PDSCH, only front-loaded DMRS Configuration type 1 should be supported.
Proposal 7:
· When mini-slot PDSCH and PDCCH are FDMed within the first mini-slot symbol, mini-slot PDSCH DMRS should be shifted to the next symbol in the part where there is collision between mini-slot PDSCH and mini-slot PDCCH.

Proposal 8:
· At least in the case of a UE is scheduled mini-slot and normal slot transmission at the same time, DMRS sharing between mini-slot and normal slot should be supported.

Proposal 9:
· The starting position of front-loaded DMRS of PUSCH is always in the 2nd symbol.
· If one additional DMRS symbol is configured:

· For 1-symbol additional DMRS, the starting position of additional DMRS at least includes 12th symbol.
· For 2-symbol additional DMRS, the starting position of additional DMRS at least includes 11th symbol.
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Annex A: simulation assumptions for DMRS

	Assumptions
	Value

	Carrier frequency
	4GHz

	Duplex
	FDD

	Subcarrier spacing
	· 15kHz

	Number of TXRUs
	· TRP = 2
· UE = 2

	Transmission layers for data channel
	· SU-MIMO: up to 8 layers

	Transmission scheme
	· Multi-antenna port transmission schemes 

	CW to layer mapping
	· CW to layer mapping 

	Data allocation
	· 8
· FDD: First 2 OFDM symbols for PDCCH, and following 12 OFDM symbols for data channel

	PRB bundling
	· 1 RB as in LTE (baseline) 

	Modulation order, Coding rate
	· QPSK (1/3, 1/2), 16QAM (1/2, 3/4)

	Channel coding scheme
	· LTE turbo coding (baseline) 

	Link adaptation / HARQ
	· No link adaptation and no HARQ 

	Channel estimation
	· Real estimation 

	Performance metric
	· BLER

	UE speed
	· 3 km/h, 30km/h

	Channel model
	· TDL-A models

	TRP antenna configuration
	· The number of antenna: Tx=2

	UE antenna configuration
	· The number of antenna: Rx=2
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