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1. Introduction
In RAN1 NR Ad-Hoc#2, the following was agreed with respect to DMRS pattern design [1]:
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

Agreements:
· For downlink, UE can be informed about the first DMRS position of the PDSCH between the following:

· Fixed on the 3rd or 4th symbol of the slot (for, a.k.a, slot-based scheduling)

· 1st symbol of the scheduled data (for a.k.a non-slot-based scheduling)

· FFS: if special handling is needed for the case where some of the PRBs of the symbol of the scheduled data is overlapped with the other signals/channels
· FFS: When the UE is configured both slot-based scheduling and non-slot-based scheduling, the first DMRS position of the PDSCH can be changed between the 3rd or 4th symbol of the slot and 1st symbol of the scheduled data
Agreements:
· For uplink, the first DMRS position of the PUSCH is fixed relative to the start of the scheduled data.
· FFS: Additional possibility of the another fixed position relative to the start of slot
· The exact fixed position can be changed depending on the duration of the scheduled data
Conclusion:
· For both downlink and uplink, the second or later or additional DMRS is up to MIMO discussion.

DMRS pattern design for normal slot and slot aggregation had been discussed in our company’s previous contribution [2]. In this contribution, we provide our views on DMRS design for normal slot, mini-slot and slot aggregation cases.
2. Discussion
2.1. DMRS design for normal slot
In order to handle different application scenarios with a unified physical layer design, front-loaded DMRS was introduced. Front-loaded DMRS is mainly used to achieve early decoding for low latency traffic. In the scenarios of slowly varying channel, front-loaded DMRS alone can be used for channel estimation and channel measurement. In the scenarios of fast varying channel, front-loaded DMRS together with additional DMRS can support Doppler frequency estimation and time delay spread estimation. To reduce the overhead of DMRS port(s) and improve system throughput, CDM should be considered firstly for DMRS port(s) mapping, and multiplexing of DMRS port(s) and NR PDSCH on DMRS symbols should be supported. Additionally, detail antenna ports to resource and layer mapping should be studied.
Proposal 1:
· CDM within on DMRS symbol should be considered firstly for DMRS port(s) mapping.

· Multiplexing of DMRS ports(s) and NR PDSCH on DMRS symbols should be supported.

· Antenna ports to resource and layer mapping should be studied.
Based on above discussion and the agreements in last meeting, examples of front-loaded DMRS configuration type 1 and configuration type 2 are depicted in figure 1 and figure 2 separately.
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Figure 1: Front-loaded DMRS configuration type 1 
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Figure 2: Front-loaded DMRS configuration type 2
According to our simulation results [2], it seems there is no need to support both configurations for UL and DL at the same time, because the performances between them are extremely close. From the perspective of implementation, two different front-loaded DMRS patterns may lead to different transmission and reception algorithm, which will cause a more sophisticated implementation. Besides, two different front-loaded DMRS configurations need additional higher layer signaling.
As the location of additional DMRS can be configured, too flexible additional DMRS position configuration may lead to additional control signaling overhead, a unified additional DMRS design for both non-self-contained and self-contained should be supported. Considering the performance of demodulation, the optimal additional DMRS position is at the last symbol of a slot. For 14-symbol slot case, the starting position of additional DMRS from 9th and 11th symbols can be considered. For 7-symbol slot case, the starting position of additional DMRS from 5th and 6th symbols can be considered.
Proposal 2:
· The starting position of additional DMRS can be considered,

· For 14-symbol slot case, the 9th, 11th symbol. 

· For 7-symbol slot case, the 5th, 6th symbol.

In LTE system, the configuration for DMRS only includes sequence ID and antenna port(s) related parameters.  However, to cope with different traffic requirement and application scenarios, at least the following parameters should be included for DMRS configuration besides sequence ID and antenna port(s) related parameters in NR:
· Configuration type
· Time domain density
· Frequency domain density

· Additional DMRS location
Based on above parameters, DMRS pattern can be configured with different frequency bands. DMRS number in time domain can be configured for different mobility cases. DMRS overhead reduction can be carried out in frequency domain.
Proposal 3:
· At least the following parameters should be included for DMRS configuration besides sequence ID and antenna port(s) related parameters:
· Configuration type

· Time domain density

· Frequency domain density
· Additional DMRS location
For multiplexing DMRS with other resources, to prevent interference to DMRS, the following rules can be considered:

· Collision between DMRS and CSI-RS should be avoided by higher layer configuration.
· In the case of collision between DMRS and PTRS, PTRS will be phase shifted.
· For multiplexing between DMRS and TRS, same as CSI-RS.
· DMRS and SS block can be multiplexed on SS block symbols by FDM.
· DMRS and NR PDCCH will be never collided for slot.
· DMRS will be shifted or punctured when colliding with mini-slot.
Proposal 4:
· For multiplexing DMRS with other resources, 
· Collision between DMRS and CSI-RS should be avoided by higher layer configuration.

· In the case of collision between DMRS and PTRS, PTRS will be phase shifted.

· For multiplexing between DMRS and TRS, same as CSI-RS.

· DMRS and SS block can be multiplexed on SS block symbols by FDM.

· DMRS and NR PDCCH will be never collided for slot.

· DMRS will be shifted or punctured when colliding with mini-slot.

2.2. 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 multipled within the first mini-slot symbol by the way of FDM, a special handling should be supported. In the case of the mini-slot PDSCH DMRS antenna port number less no larger than X, mini-slot PDSCH and PDCCH DMRS will be multiplexed.  In the case of the mini-slot PDSCH DMRS antenna ports lager than X, mini-slot PDSCH DMRS will be shifted.
Proposal 5:
· For mini-slot PDSCH DMRS, 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.
· In the case of the mini-slot PDSCH DMRS antenna port number less no larger than X, mini-slot PDSCH and PDCCH DMRS will be multiplexed.  

· In the case of the mini-slot PDSCH DMRS antenna port number lager than X, mini-slot PDSCH DMRS will be shifted.
Examples of mini-slot PDSCH DMRS multiplexing and shifting are depicted in figure 3 and 4 separately. In figure 3, assumed mini-slot PDSCH and PDCCH DMRS using same precoder, in the case of mini-slot PDSCH DMRS antenna port number no larger than 2, mini-slot PDSCH and PDCCH DMRS can be multiplexed to reduce DMRS overhead. In figure 4, in the case of mini-slot PDSCH DMRS antenna port number larger than 2, mini-slot PDSCH DMRS can be shifted to prevent collision between mini-slot PDSCH DMRS and PDCCH resources.
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Figure 3: Mini-slot PDSCH DMRS multiplexing                  Figure 4: Mini-slot PDSCH DMRS shifting

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 to less than normal slot symbol number. 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 6:
· 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.

2.3. DMRS design for slot aggregation
For DMRS design in slot aggregation scenario, if front-loaded DMRS is configured within each slot, it might cause resource consuming. To reduce the overhead of front-loaded DMRS, time and frequency domain front-loaded DMRS port(s) reduction can be considered. An example of slot aggregation with 8 front-loaded DMRS ports at the 1st slot, and 4 front-loaded DMRS ports at the 2nd slot, and remaining 4 front-loaded DMRS ports at the 3rd slot for time domain overhead reduction is depicted in figure 5.
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Figure 5: Front-loaded DMRS ports reduction in slot aggregation scenario
Proposal 7:
· For DMRS design in slot aggregation scenario, time and frequency domain DMRS port(s) reduction can be considered.
3. Conclusion

In this contribution, DMRS design for normal slot, mini-slot and slot aggregation scenario are discussed with the following proposals:
Proposal 1:
· CDM within on DMRS symbol should be considered firstly for DMRS port(s) mapping.

· Multiplexing of DMRS ports(s) and NR PDSCH on DMRS symbols should be supported.

· Antenna ports to resource and layer mapping should be studied.
Proposal 2:
· The starting position of additional DMRS can be considered,

· For 14-symbol slot case, the 9th, 11th symbol. 

· For 7-symbol slot case, the 5th, 6th symbol.

Proposal 3:
· At least the following parameters should be included for DMRS configuration besides sequence ID and antenna port(s) related parameters:

· Configuration type

· Time domain density

· Frequency domain density
· Additional DMRS location
Proposal 4:
· For multiplexing DMRS with other resources, 
· Collision between DMRS and CSI-RS should be avoided by higher layer configuration.

· In the case of collision between DMRS and PTRS, PTRS will be phase shifted.

· For multiplexing between DMRS and TRS, same as CSI-RS.

· DMRS and SS block can be multiplexed on SS block symbols by FDM.

· DMRS and NR PDCCH will be never collided for slot.

· DMRS will be shifted or punctured when colliding with mini-slot.

Proposal 5:
· For mini-slot PDSCH DMRS, 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.

· In the case of the mini-slot PDSCH DMRS antenna port number less no larger than X, mini-slot PDSCH and PDCCH DMRS will be multiplexed.  

· In the case of the mini-slot PDSCH DMRS antenna port number lager than X, mini-slot PDSCH DMRS will be shifted.
Proposal 6:
· 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 7:
· For DMRS design in slot aggregation scenario, time and frequency domain DMRS port(s) reduction can be considered.
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