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Introduction
 In the RAN1#89 or AH#2 meeting, the following working assumptions were made [1]:
  
	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



	R1-1711770	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)



	R1-1711771	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 addition, the following agreement was made regarding CSI-RS density.

	R1-1706441	WF on CSI-RS density	LG Electronics, InterDigital, Intel, ITRI 
Agreements:
· At least CSI-RS for CSI acquisition, NR supports CSI-RS density d RE/RB/port for x-port CSI-RS
· Value(s) of d are at least d=1,1/2.
· For d<1, PRB-level comb-type transmission is supported.
· FFS whether offset value(s) can be the same or different across antenna ports
· FFS on supporting d>1 in the consideration of use case, e.g., NZP CSI-RS for IMR.
· FFS on the supported combinations of value(s) of x and d. 



Based on the agreements above, we discuss DMRS designs focusing on the number of additional DMRS symbols, number of layers per UE in MU-MIMO, DMRS for multicast or broadcast and reduced density DMRS configurations.

Configurations for additional DMRS
As agreed in RAN1 NR AH#2, 2 frontloaded OFDM symbols can support 4 or 6 for configuration 1 or 2, respectively. If 2 frontloaded OFDM symbols are used, whether additional DMRS configuration should follow the frontloaded configuration should be discussed. The additional DMRS symbols are used for tracking channels in the high speed scenario. Thus, if two frontloaded DMRS symbols are used, one additional DMRS symbol may be enough. Thus, the proposal is to support one or two additional OFDM symbols if two frontloaded DMRS symbols are used. The number of additional symbols can vary, depending on the number ports supported by the frontloaded DMRS. Examples of the DMRS configurations with one or two additional DMRS symbols are shown in Figure 1 and Figure 2. In the examples, it is assumed that the extra symbols are placed on the 7th symbol in the subframe. Link level evaluation results to evaluate effectiveness of additional DMRS symbols are shown in our contribution [2].

Proposal 1: Support configurable number of additional DMRS symbols, i.e., one or two additional OFDM symbols, if two symbols are used for frontloaded DMRS to support 4 or 6 for Configuration 1 or 2, respectively.

	

[bookmark: _Ref489531014]Figure 1 DMRS configuration, one extra symbol
	

[bookmark: _Ref489531015]Figure 2 DMRS configuration, two extra symbols	



In addition, additional DMRS symbols can be configured to be sent periodically, semi-persistent or aperiodic manner. The benefit for each configuration is similar to the configurations are similar to the ones supported for CSI-RS or SRS. Semi-persistent DMRS transmission may be beneficial when additional tracking is needed for a certain amount of time. Aperiodic transmission can be used when one-shot channel estimation is needed to boost the CSI estimation performance or check the condition of the channel. Finally, periodic transmission is beneficial when long-term tracking support is needed from additional DMRS symbols.

Number of layers per UE in MU-MIMO
 In NR, it is expected that more layers are required per UE in MU-MIMO since availability of spatial diversity through use of Massive MIMO. Thus, we recommend to support up to 4 DMRS ports per UE in MU-MIMO.

Proposal 2: Support 4 DMRS ports per UE in MU-MIMO

DL DMRS for broadcast/multicast PDSCH (other than PBCH)
 DMRS for broadcast/multicast, precluding the use case for PBCH, can be generated with broadcast/multicast ID. For example, multicasting using SC-PTM (Single Cell Point To Multi-point) may target one or multiple groups of UEs in a cell. Thus, cell specific generation of DMRS, assigning one ID per cell, may not be practical in NR in multicast transmission. Assigning a unique ID to DMRS for multicast, i.e., common search space, may reduce overhead for control signaling. 
The ID for DMRS can be conveyed in MCCH (multicast channel) or by higher layer. The ID can be tied to multicast RNTI, i.e., group RNTI. For example, the default DMRS sequence for multicast PDSCH can be generated using the group RNTI. An example of configuration is shown in Figure 3. For the reasons explained above, the following proposal is made.

Proposal 3: Support ID based generation of DMRS for broadcast/multicast PDSCH (other than PBCH)

Note that above proposal can be applied to any DMRS configurations discussed in NR-MIMO.
[bookmark: _GoBack]


[bookmark: _Ref489535345]Figure 3 Assigning different group IDs for multicast PDSCH transmission

Density reduction across slots in the frequency domain
In RAN1#88b, it was agreed to support 12 orthogonal DMRS ports for MU-MIMO. Since 12 orthogonal ports require one or two OFDM symbols for frontloaded DMRS, a density reduction mechanism, similar to the scheme agreed for CSI-RS in RAN1#88bis, for DMRS can be used. Benefits of per-RB density configuration are also described in [3]. 
In this contribution, we present some examples that will alleviate DMRS density in a resource block. In Figure 4, an example for the density reduced DMRS placement is shown. In the example, it is assumed that 4-bit OCC is used to multiplex four layers and one OFDM symbol is used to support 12 layers. Any DMRS pattern within a resource block can be used in the proposed scheme. 
In the example, a resource block with DMRS is placed in every other resource block such that the density is reduced by half. This scheme is also useful when frequency characteristic is flat since a need to measure every resource block can be omitted. Such a channel characteristic can be observed at high SHF (e.g., 30GHz). The evaluation results are shown in our companion contribution [2]. As shown in the companion contribution, in an environment where frequency selectivity is not present, spectrum efficiency gain can be obtained by using the PRB-combed DMRS configuration. With the similar motivation considered for CSI-RS designs in FD-MIMO, multiple RB designs can support low-density DMRS designs. The density of the DRMS configuration can be configurable with parameter d, indicating density per RE/RB/port.

Observation 1: Reduced density configuration for DMRS is useful when frequency characteristic remains constant across frequency subcarriers

 Another useful feature of the proposed DMRS configuration is inter-cell interference avoidance. As shown in Figure 5, different stagger pattern can be assigned to different cell such that a cell edge UE does not experience the interference from the neighboring cell. In addition, thanks to power boosting in DMRS, channel estimation can be robust against inter-cell interference, if DMRS configurations are staggered between adjacent cells. System level evaluation results are shown in [2] to demonstrate the performance of the proposed DMRS configuration.

Observation 2: Staggered DMRS patterns can support inter-cell interference avoidance

[image: ]
[bookmark: _Ref480191724]Figure 4 Reduced density placement for DMRS, 50% reduction (d=1/2)




[bookmark: _Ref481615854]Figure 5: Staggered DMRS pattern to avoid inter-cell interference


Proposal 4: Support configurable DMRS density in the frequency domain

Proposal 5: Support density reduced DMRS configurations with density d RE/RB/port

Conclusion 

 In this contribution, the following observations and proposals are made.

Observation 1: Reduced density configuration for DMRS is useful when frequency characteristic remains constant across frequency subcarriers

Observation 2: Staggered DMRS patterns can support inter-cell interference avoidance

Proposal 1: Support configurable number of additional DMRS symbols, i.e., one or two additional OFDM symbols, if two symbols are used for frontloaded DMRS to support 4 or 6 for Configuration 1 or 2, respectively.

Proposal 2: Support 4 DMRS ports per UE in MU-MIMO

Proposal 3: Support ID based generation of DMRS for broadcast/multicast PDSCH (other than PBCH)

Proposal 4: Support configurable DMRS density in the frequency domain

Proposal 5: Support density reduced DMRS configurations with density d RE/RB/port
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