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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At RAN1#87 meeting [1], it was agreed that:
· [bookmark: _Ref129681832]Support variable/configurable DMRS pattern for data demodulation 
· FFS: Time and/or frequency domain density can be configured  
· FFS: RE location can be configured
· At least one configuration supports front-loaded DMRS pattern
· The companies are encouraged to provide DM-RS patterns including DM-RS design details:
· Time domain density (per antenna port) for different ranks (e.g., number of DMRS symbols in slot, symbol position, etc.)
· Frequency domain density (per antenna port) for different ranks
· The number of maximum orthogonal ports
· Multiplexing of DMRS ports (e.g., TDM, FDM, CDM, etc.) 
· DM-RS sequence (e.g., PN, Zadoff-Chu, etc.)
It was concluded that:
· Study necessity of supporting 16 orthogonal DMRS ports in DL and UL considering symmetric design both for DL and UL
At RAN1#86bis meeting [2], it was agreed that:
· For DL data transmission, study following interference measurement options for CSI acquisition.
· DM-RS based interference measurement
In this contribution, we provide considerations on the general design principles of DL DM-RS for data channel. 
Design of DM-RS for DL data transmission 
In this following, the design of NR DM-RS associated with DL data transmission is discussed in terms of RS sequence type, port number, pattern and QCL assumption.	
· Gold sequence should be considered for DL DM-RS 
In LTE, Gold sequence is used for DL DMRS with a merit of low complexity at receiver, while ZC sequence is adopted in UL DMRS design for low PAPR property. Without considering the impact of PAPR, it has been well justified in companion contribution [3] and [4] that Gold sequence performs better than ZC especially in patterns with large port number. Since the requirement of low PAPR is not very essential to DL DMRS, Gold sequence is a good starting point for the RS sequence design of NR DL DMRS in view of UE complexity.
· Support more than 8 orthogonal DL DM-RS ports at least for MU-MIMO 
Number of multiplexing layers has become a critical feature especially when serving multi-UE in the dense scenarios. Meanwhile, massive MIMO with large number of antenna is an enabling technology to fully exploit the spatial multiplexing capability. It has been proven in [5] that significant gains on both cell-average and cell-edge throughputs can be achieved by increasing 8 layers to 16 layers for 128Tx. From performance point of view, best channel estimation performance will be achieved by supporting orthogonal port number of DM-RS as large as the paired layers. The benefits of higher orthogonal port number have also been proved in [4] with more detailed simulation results. For example, compared with various orthogonal and semi-orthogonal DMRS patterns, significant gains on throughput can be obtained by increasing 8 orthogonal ports to 12 or 16. Therefore, considering all these factors mentioned above, it is expected that NR should support more than 8 orthogonal DM-RS ports, e.g., up to 12 or 16.
· Configurations and indications for variable/configurable DMRS pattern 
It has been agreed in #87 meeting that variable/configurable DMRS pattern for data demodulation should be supported in NR. It is expected that the front-loaded DM-RS pattern for fast data decoding should always exists. Based on this basic pattern, other extended patterns can be configured. Furthermore, considering the trade-off between RS overhead and performance, time and/or frequency DMRS densities in these patterns should also be configurable to suit different port numbers and channel conditions.
A great challenge is to provide mechanisms to determine which patterns/densities to use in which situation. One of the mechanisms is to employ default patterns/densities for some pre-defined configurations such as carrier frequency, numerology and total orthogonal port number. Another one is to dynamically configure DMRS patterns/densities by utilizing existing (or new) reference signals to determine desired channel characteristics like coherence time and bandwidth. Density adaptations in the latter scheme can be described as follows. 
· Adaptation in time:
As mentioned above, besides the always configured front-loaded pattern for fast data decoding, extended patterns including additional DMRS symbol(s) should be configurable. The number of additional DMRS symbol(s) in extended patterns depends on Doppler characteristics of the channel. These characteristics can change dynamically. In order to decide whether additional symbol(s) is utilized or not Doppler shift/spread has to be known. Accurate Doppler shift estimation requires a number of symbols in time to capture possible channel variations. Therefore for this purpose it is beneficial to transmit RS densely in time. After the estimation is performed, optimal pattern allocation can be determined. Reference signal for Doppler estimation could be transmitted periodically or on demand, ideally as often as channel changes call for adaptation. This signal could possibly be an existing RS (e.g., PSS, SSS, CSI-RS, PT-RS) but with some enhancements since the time density of this RS should be sufficient to cover velocities foreseen for a given use case scenario. The decision on RS type for Doppler estimation and DMRS configuration in time domain should be further studied. 
In the following, an example of pilot placement in time depending on velocity for a fixed carrier frequency of 30GHz is presented. Table 1 captures the necessary separation of DMRS symbols in time as a function of terminal velocity (Doppler shift). For example, if 1 symbol per ms is to be used then velocities of up to 18kmph (5m/s) can be supported.
[bookmark: _Ref470672865]Table 1. Required number of DMRS symbols as a function of terminal velocity for fc=30GHz.
	Velocity [km/h]
	Doppler freq.  fD [kHz]
	Separation in time Ts [ms] (symbols per ms)

	0-18
	0-0.5
	1 (1)

	18-36
	0.5-1
	0.5 (2)

	36-72
	1-2
	0.25 (4)

	144-288
	2-4
	0.125 (8)

	288-576
	4-8
	0.0625 (16)



· Adaptation in frequency:
Adaptation in frequency is mainly beneficial when Tx-Rx pair experiences variations of the frequency selectivity, or when scheduled DMRS port number is changed. Such situations are less likely to occur within a given scenario and therefore adaptation in frequency might not be necessarily frequent. On the one hand, considering the tradeoff between performance and overhead, frequency adaptation should be considered if the current number of DMRS ports is different from the previous scheduling unit. On the other hand, considering frequency selectivity can be reflected by delay spread, frequency density can also be configured according to delay spread estimated by a new or existing RS. 
Since DMRS need to be known at both transmitter and receiver, indications for DMRS configuration that assist pattern and density selection should be considered. The indication can be explicit and/or implicit. For example, the pattern and density information can be indicated by the DMRS pattern/density field in DCI along with the data scheduling or in case of infrequent changes within higher layers, and the information can also be indicated implicitly through some pre-defined configurations such as carrier frequency and numerology.
· Support the transmission of DM-RS for single/multi-TRP scheme 
It has been agreed in RAN1#86bis that NR will support non-QCL assumptions among DM-RS ports, especially for scenarios in which different DMRS ports experience channels with different large-scale properties. Accordingly, DMRS ports may have different parameters in channel estimation and data demodulation. In practice, the network needs to inform UE which DMRS antenna ports can be assumed to be QCLed. Based on it, UE will employ the same or different parameters on reception of DMRS ports. These QCL assumptions can be indicated explicitly or implicitly. 
· Explicit indication
Extend or enhance DCI to add DMRS port related QCL assumptions. For example, set up a table giving explicit relationship between QCL and transmission layer, or indicate the relationship between QCL and CW to inform UE which set of DMRS ports are QCL.
· Implicit indication
Based on the predefined QCL assumption rules between different DMRS ports, the network can indicate QCL relations of DMRS antenna ports by means of port mapping, since DMRS mapping principles are already known at UE, there is no need to explicitly indicate UE the QCL relations. Furthermore, if implicit manner is adopted for non-coherent transmission of multi-TRP, the DMRS port mapping with principles of frequency/time division among different TRPs should be considered. 
In LTE, to facilitate the reception of DMRS, configured QCL CRS and CSI-RS are used for measuring the concerned large-scale parameters. For example, CSI-RS is used for delay parameter estimation, while CRS for Doppler parameter estimation. The QCL CSI-RS and CRS can be dynamically signaled in DCI. Since NR may not support CRS-like RS, different types of RS used for QCL parameter estimation should be considered. Besides, since not all the DMRS ports are QCL-ed in NR, different QCL assumptions among these ports and corresponding indication, e.g., explicit and implicit, should be well studied. 
· PRB bundling with configurable PRG sizes
In LTE, PRG size is system bandwidth dependent. Fixed system bandwidth dependent PRGs partition the system bandwidth and each PRG consists of consecutive PRBs with same precoder. Since no phase discontinuity exists in the effective channel over these PRBs, filtering can be performed over the whole PRG, which can bring about considerable performance gain in DMRS based channel estimation. But in NR, to cater for a great quantity of deployment scenarios, the fixed bandwidth dependent PRGs are insufficient. In scenario with a quite frequency flat channel, e.g., deployment with many antennas at the transmitter, the channel response varies smoothly, small PRG size may limits channel estimation performance owing to small PRB bundling size. On the contrary, for scenarios with high frequency selective channels, a relatively small PRG size is needed. In companion contribution [6], we have provided detailed analysis and many simulation results to demonstrate the necessity and benefits of configurable PRG sizes. For example, the simulations reveal that different PRG sizes as well as PRB bundling sizes should be considered for different channel conditions and use cases. Therefore, it is expected that flexibility is needed in PRG size as well as PRB bundling sizes in view of variable transmission requirements in NR.
· Support DM-RS based interference measurement to enhance data demodulation and link adaptation 
[bookmark: _GoBack]In NR, MU interference generates larger impact on the reliability of DL transmissions with more users co-scheduled and spatially multiplexed in NR. To guarantee more reliability in data demodulation, DM-RS can be used to measure and suppress interference resulting from co-scheduled users. Moreover, without any extra RS configuration, accurate MU-CQI can be obtained with channels state information measured by DM-RS, which can be reported to enhance link adaption. In the scheme of interference measurement based on DM-RS, one challenge is that during the time interval of interference measurement, UE should know some configuration information of the related DM-RS ports, such as antenna port index of DM-RS for co-scheduled UE and corresponding DM-RS initialization parameters. The configuration information can be acquired at UE in an explicit or implicit way, but the latter is more preferred considering the constraint on signaling overhead. To further reduce the indication overhead, group based DM-RS interference measurement scheme can be considered. For example, the scheduled UEs can be divided into several groups based on some principles, e.g., UE location. For interference measurement purposes, network needs only notify each UE about the port(s)/ initialization parameters that are assigned to co-scheduled UEs within the corresponding group.
Proposal: Design of DM-RS for DL data transmission should support
1. Gold sequence for DL DM-RS
1. More than 8 orthogonal DM-RS ports at least for MU-MIMO, FFS: 12 or 16
1. Configuration/indication for flexible DM-RS pattern/density, both explicit and implicit indication should be considered
1. Configuration/indication of DM-RS for both single and multi-TRP schemes, both explicit and implicit indication should be considered
1. PRB bundling with configurable PRG sizes
1. Configuration/indication for DMRS based interference measurement
Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]This contribution discusses some considerations on reference signals for demodulation of DL data channel. In summary, the following proposals are made.
Proposal: Design of DM-RS for DL data transmission should support
1. Gold sequence for DL DM-RS
1. More than 8 orthogonal DM-RS ports at least for MU-MIMO, FFS: 12 or 16
1. Configuration/indication for flexible DM-RS pattern/density, both explicit and implicit indication should be considered
1. Configuration/indication of DM-RS for both single and multi-TRP schemes, both explicit and implicit indication should be considered
1. PRB bundling with configurable PRG sizes
1. Configuration/indication for DMRS based interference measurement
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