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1 Introduction

At RAN1#86bis meeting [1], it was agreed that:
· Study on design of demodulation RS for data channel 

· Whether or not the same principle for UL and DL RS pattern design 

· How to map DM RS in symbols of a slot

· Max # of orthogonal DL DMRS ports for SU/MU-MIMO scheduling

· Study variable/configurable DL/UL RS pattern for demodulation 

· For data channel and control channel

· At least density can be configurable
· The applicable scenarios need to be studied

· At least for DL, study PRB bundling with configurable PRG sizes, at least including following aspects

· The size of PRG may or may not be fixed

· The size of PRG may or may not be system bandwidth dependent 

· PRG may consist of all scheduled PRBs

· For DM-RS antenna ports, NR supports:

· All ports are QCL-ed

· Not all ports are QCL-ed

In this contribution, we provide our considerations on the general design principles of RS for DL data channel demodulation. 

2 Functionalities of DM-RS for DL data channel
The legacy DMRS is designed with fixed and relatively high densities in both time and frequency. Thus it is only used for data demodulation and configured when data is transmitted. However, to meet a variety of transmission requirement in NR, DM-RS with configurable densities are expected to carry some other functionality. 
It has been proposed in companion contribution [2] that CSI-RS might be used for beam management. In the scheme, TRP acquires the preferred beam information based on UE’s feedback. Hence considerable overhead is needed to achieve fast beam tracking, in which network frequently configure beam measurement. To solve this problem, it is expected that DM-RS can be considered to assist beam management. With DM-RS, the quality of current serving beams can be measured accurately. By comparing the qualities of current beams and the candidate beams measured from NR CSI-RS, UE may feedback the preferred beam information only when current serving beams need to be adjusted.
Besides, 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.
Proposal 1: DM-RS for data channels in NR can be configured for other purposes such as beam management and interference measurement.
3 Design of DM-RS for DL data transmission
In the following, the design of NR DM-RS associated with DL data transmission is discussed in terms of RS type, port number, pattern and QCL assumption.
· Support unified DM-RS pattern for both DL and UL
It has been agreed in RAN1#86bis meeting that CP-OFDM may be considered for both DL and UL transmission. In this case, unified/symmetric DMRS design, e.g., a similar DM-RS pattern with the same resource and port mapping scheme, can be considered. The unified DMRS design may enable reuse of baseband designs for one side of the communication link to another side. In addition, in LTE, ZC sequence is adopted in UL DMRS design for low PAPR property, while Gold sequence is used for DL DMRS with a merit of low complexity at receiver. In view of UE complexity, Gold sequence is a good starting point for the RS sequence design of NR DMRS.
· Support UE-specific DM-RS for all data transmission schemes in NR
In LTE/LTE-A, UE-specific DMRS is adopted for demodulation of spatial multiplexing. On the other hand, according to the agreement in RAN1#86 meeting, transmit diversity in NR can adopt UE-specific RS or shared (by two or more UEs)-RS for demodulation. UE-specific RS based transmit diversity for data channels has several advantages. First, UE-specific RS based transmit diversity can offer diversity gain over single beam transmission by involving more beams for transmitting precoded data. Besides, UE-specific RS can be beamformed or non-precoded, thereby flexibly adjusting the beam width to meet different transmission requirements. Therefore, UE-specific reference signal is suggested to be adopted for both transmit diversity and spatial multiplexing.
· 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 QCL. 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. 
· Support more than 8 orthogonal DM-RS ports at least for MU-MIMO
Number of multiplexing layers will become a critical feature especially when serving multi-UE in the dense scenarios. Meanwhile, massive MIMO with large number of antenna, e.g., in high frequency scenarios, is an enabling technology to fully exploit the spatial multiplexing capability. It has been proven in [3] that significant gains on both cell-average and cell-edge throughputs can be achieved by increasing 8 layers to 16 layers for 128Tx and 256Tx. 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. Fig. 1 shows the benefits of higher orthogonal port number. The simulation assumptions are given in appendix. It is seen that significant gains on throughput can be obtained by increasing 8 orthogonal ports to 12 or 16. Therefore, it is expected that NR should support more than 8 orthogonal DM-RS ports, e.g., up to 12 or 16.    
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Fig.1 performance comparison between different orthogonal DMRS ports
· Support interference measurement in NR to enhance data demodulation and link adaptation 
As mentioned above, DM-RS for data transmission can also be considered for measuring and suppressing interference resulting from co-scheduled users. 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-schedule UEs within the corresponding group.
· Support configurable/flexible DM-RS patterns for different usages
To achieve fast decoding, it has been agreed in RAN1#85 meeting that the DM-RS for data transmission is located at the beginning of the time interval. But for many scenarios in NR, some more considerations on the patterns of DM-RS are needed to improve channel estimation accuracy.
In addition to the front-loaded RS, additional mapping of DM-RS should be considered in scenarios with high Doppler shift. In this case, the coherence time may be smaller than the length of the time interval. Therefore, besides the front-loaded DMRS, additional DMRS should be included to overcome effect of the Doppler shift. Fig. 2 provides an example where the additional DMRS are located in the middle of the time interval. 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, DMRS densities in these patterns should also be configurable to suit different port numbers and channels.
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Fig.2 An example of additional DM-RS mapping
Since DMRS need to be known at both transmitter and receiver, indications for DMRS configuration that assist pattern and density selection should also be considered. The indication can be explicit and implicit. For example, the pattern and density information can be indicated by the DMRS pattern/density field in DCI along with the data scheduling, and the information can also be indicated implicitly through some pre-defined configurations such as carrier frequency and numerology.
· Support more flexible scheduling for MU-MIMO

To improve the resource efficiency and flexible MU-MIMO scheduling, partial-overlapping multiplexing in MU-MIMO should be considered. One simple idea to achieve this is the resource unit specific DM-RS design in which each resource unit is associated with a certain DM-RS sequence. From the view of UE, its whole DM-RS is obtained by aggregating one or more short DM-RS occupying different resource units, instead of truncating from a long sequence. Such DM-RS design does not need OCCs in the time-domain to keep the orthogonality, especially when DM-RS is mapped within a single symbol.
· Support 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. Fig .3 provides an example to show the performance gain from increasing PRB bundling sizes. In the simulation, a SU downlink OFDM system with EPA channel is assumed. It simulated with a carrier frequency of 2.6GHz and sub-carrier spacing of 15 kHz. The used constellation is 16QAM, and a code rate of 0.8 is used. As seen from the figure, when increasing the bundling size, gain on BLER gain is achieved. On the contrary, for scenarios with high frequency selective channels, a relatively small PRG size is needed. In a word, flexibility is need in PRG size in view of variable transmission requirements in NR.
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Fig.3 performance comparison between different PRB bundling sizes
Proposal 2: Design of DM-RS for data transmission should target
· Unified DM-RS pattern for both DL and UL
· UE-specific DM-RS for all data transmission schemes in NR
· Configuration/indication of DM-RS for both single and multi-TRP schemes
· Support more than 8  orthogonal DM-RS ports at least for MU-MIMO, FFS: 12 or 16
· Configuration/indication for DMRS based interference measurement
· Configurable/flexible DM-RS pattern
· More flexible scheduling and pairing for MU-MIMO
· PRB bundling with configurable PRG sizes
4 Conclusion

This contribution discusses some considerations on reference signals for demodulation of data channel. In summary, the following proposals are made.
Proposal 1: DM-RS for data channels in NR can be configured for other purposes such as beam management and interference measurement.
Proposal 2: Design of DM-RS for data transmission should target
· Unified DM-RS pattern for both DL and UL
· UE-specific DM-RS for all data transmission schemes in NR
· Configuration/indication of DM-RS for both single and multi-TRP schemes

· Support more than 8  orthogonal DM-RS ports at least for MU-MIMO, FFS: 12 or 16
· Configuration/indication for DMRS based interference measurement
· Configurable/flexible DM-RS pattern
· More flexible scheduling and pairing for MU-MIMO
· PRB bundling with configurable PRG sizes
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Appendix

LLS Simulation assumptions

	Attributes
	Values or assumptions

	Carrier frequency
	2.6GHz

	Channel model
	3gpp 3D UMI

	Subcarrier Spacing
	15kHz

	Allocated bandwidth
	20RB (12subcarriers/PRB)

	Slot length
	7 symbols

	UE speed
	3km/h

	#of orthogonal DMRS port
	8/12/16

	# of scheduled DMRS port per UE
	1

	# of UE
	8/12/16

	Coding scheme
	Turbo

	Max. modulation order
	64QAM

	Channel estimation
	Practical Wiener filter based

	Receiver
	MMSE-IRC

	AMC
	Based on OLLA


