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1 Introduction

At RAN1#86 meeting [1], it was agreed that:
· Demodulation reference signal for transmit diversity, if supported, could be 

· UE-specific RS (if supported by NR) 

· Shared (by two or more UEs)-RS (if supported by NR)

· Other types of RS are not precluded

· At least 8 orthogonal DL DMRS ports is supported for SU-MIMO scheduling

· At least 8 orthogonal DL DMRS ports is supported for MU-MIMO scheduling

· The following QCL assumptions for DM-RS antenna ports in NR are for further study

· QCL across DM-RS antenna ports

· All the DMRS antenna ports are QCL-ed with each other

· Not all the DMRS antenna ports are QCL-ed with each other

· QCL across scheduled PRBs for DM-RS antenna port 

· QCL among DM-RS antenna port groups

· QCL of DM-RS antenna ports with antenna ports of other reference signals (RS to be defined in NR) 

· Other assumptions are not precluded
· Interference measurement based on interference measurement resource which could be one or more of the following option 

· ZP CSI-RS (if supported) 

· NZP CSI-RS (if supported) 

· DMRS (if supported)
· Other resources are not precluded
In this contribution, we provide our considerations on the general design principles of RS for broadcast channel, control channel and data channel demodulation. 

2 General considerations on RS design for demodulation of NR physical channels
This section gives the general considerations on design of reference signals for the demodulation of broadcast channel, control channel and data channel.
In LTE, CRS are transmitted in every subframe and across the entire bandwidth except in the cases of cell off or in LAA. To lower network energy consumption, reduce inter-cell interference, and improve operational flexibility, it has been agreed in RAN1#84 meeting to minimize the transmission of always-on signal CRS in NR RS design. With the always-on transmission minimized, the functionalities carried by CRS, such as fine time/frequency synchronization, PBCH demodulation and control channel demodulation, should be distributed among other reference signals [2] or new type reference signals in NR.

· RS design for broadcast channel demodulation

It should be noted that RS for broadcast channel demodulation is very essential, which will be used for decoding essential system information by users when UEs initially access the network in NR.  On the other hand, signals used for fine time/frequency synchronization are crucial as well, which enableUE for time/frequency tracking in the network. Therefore, from the functionality point of view, RS for broadcast channel demodulation can be considered for fine time/frequency synchronization.
· RS design for control channel demodulation

Considering control channel for downlink transmission, it has been discussed in companion contribution [3] that beamformed control channel should be considered in NR. Since UE-specific control channel and common control channel would have very different coverage requirements in the beam-based solutions, they may require different control channel design. One is unicast control channel with DCI for a specific UE, and the other one is multicast control channel with DCI for multiple UEs. Demodulation of the unicast control channels can be based on UE-specific demodulation RS or shared demodulation RS, while demodulation RS for multicast control channel can be shared RS, in which the same RS resource can be configured to be shared among multiple UEs.
Additionally, RS sequence for UL control channel demodulation should also be studied. For example, Although CP-OFDM is being considered in NR, low PAPR property of RS is still important for coverage limited scenarios. Extra techniques are not precluded to handle the coverage issue, but RS sequence itself having low PAPR is an easier solution. Besides, the capability of RS sequence to multiplex multiple UEs is also critical to reduce the overhead of control channel and its demodulation RS. Moreover, since multiple numerologies can bring higher flexibility in NR, support of multiple numerologies should be considered in RS sequence design. In a word, ZC sequence is a good starting point for the RS sequence design of UL control channel demodulation in NR. 

· RS design for data channel demodulation

Regarding demodulation of data channel, in LTE/LTE-A, CRS provides data demodulation reference signal for transmission modes 1-6. DMRS is the data demodulation reference signal for transmission mode 7-10. With the absence of CRS, NR can consider using a unified RS for data demodulation. 
In summary, demodulation RS should be reconsidered for all the physical channels mentioned above. However, in view of different demands in demodulation of the channels, there should be different considerations in the corresponding RS design.    
Proposal 1: Separated designs of RS should be studied for demodulation of the following channels

· Broadcast channel to convey initial system information

· Channel to convey downlink control information per UE or per group of UEs

· Channel to convey uplink control information

· Downlink and uplink data channels
3 Design of demodulation RS for data transmission
In the following, the design of NR demodulation RS associated with data transmission is discussed in terms of RS type, port number, pattern, and QCL assumption.
· Support unified demodulation RS pattern for both DL and UL
It has been agreed in RAN1#86 meeting [1] that CP-OFDM may be considered for both DL and UL transmission. The pattern design of demodulation RS for uplink may refer to that of downlink. In other words, a unified or similar demodulation RS pattern is preferred in NR. In addition, in LTE, ZC sequence is adopted in UL DMRS design for low PAPR property, while Gold sequence is used for DL DMRS. But which kind of RS sequence would be used for data demodulation in NR should be studied.
· Support UE-specific demodulation RS for all data transmission schemes in NR
In LTE/LTE-A, UE-specific demodulation reference signal 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 demodulation RS for single/multi-TRP scheme 
In NR, since different downlink transmit antennas serving the same UE may be geographically separated in multiple TRPs transmission scenarios, the channels of different DMRS ports relevant for the UE may differ in terms of large-scale properties, which will cause that different DMRS ports may have different parameters in channel estimation and data demodulation. Hence, to ensure simultaneously  transmission reliability and efficiency in such scenarios, QCL assumptions among these ports should be reconsidered. 

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 the 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
As an example, based on the predefined QCL assumption rules between different DMRS ports, the network can indicate QCL relations of DMRS antenna ports by means of DMRS port mapping, since DMRS mapping principles are already known at UE, there is no need to indicate UE the QCL relations via explicit signalling. However, if this implicit manner is adopted for non-coherent transmission of multiple-TRP, the DMRS port mapping with principles of frequency/time division among different TRPs should be considered. 
· Support more than 8 orthogonal demodulation RS ports at least for MU-MIMO 
Number of multiplexing layers will become a critical feature especially when serving multiple UEs in the dense scenarios. Meanwhile, massive MIMO is an enabling technology to fully exploit the spatial multiplexing capability. Fig. 1 shows the performance benefits of higher layers for DL MU-MIMO. The simulation assumptions are given in appendix. It is seen that significant gain on both cell-average (CA) throughput and cell-edge (CE) throughput can be achieved by increasing the total layer number, e.g., 40% and 58% gains in cell average throughput can be respectively achieved by increasing 8 layers to 16 layers for 128Tx and 256Tx.  From performance point of view, best performance would be achieved by supporting orthogonal port number of demodulation RS as large as the paired layers, e.g. 16. However, considering the overhead issue, less orthogonal port number needs to be strived for. In order to approach the optimal performance as much as possible, orthogonal port number larger than 8 should be supported in NR.  
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Fig.1 performance comparison between 8 layers and higher number of layers

· Support interference measurement in NR to enhance data demodulation and link adaptation 
In NR, MU interference generates larger impact on the reliability of DL transmissions with more users co-scheduled and spatially multiplexed. To guarantee more reliability in data demodulation, demodulation RS can be used to measure and suppress/cancel interference resulting from co-scheduled users. Moreover, accurate MU-CQI may be obtained with the interference channels information measured by demodulation RS, which can be reported to enhance link adaption.
One challenge of the aforementioned interference measurement scheme is that during the time interval of interference measurement, UE should know some configuration information of the related demodulation RS ports, such as port index of demodulation RS for co-scheduled UE and corresponding demodulation 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 demodulation RS interference measurement scheme can be considered. In this scheme, the scheduled UEs are 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 same group.
· Support configurable/flexible demodulation RS patterns for different usages
In order to achieve fast decoding, it has been agreed in RAN1#85 meeting that the demodulation RS used to start to demodulate a data transmission is located at the beginning of the time interval to which the data and associated RS for demodulation is physically mapped. However, for many scenarios in NR, some more considerations on the pattern design of demodulation RS should be proposed to improve channel estimation accuracy.
In addition to the front-loaded RS, additional mapping of demodulation RS should be considered in scenarios with high Doppler shift and high phase noise, which were also discussed in companion contribution [4]. Taking high speed scenario as an example, the coherent time due to high Doppler shift may be smaller than the length of the time interval. Therefore, if the RS for demodulation is only located at the beginning of the time interval, the coherent demodulation of data may suffer high bit error rate.  Additional DMRS for data demodulation should then be included to improve the accuracy of channel estimation. For example, the additional DMRS can be located in the middle of the time interval as shown in Fig. 2, and can be indicated by the DCI along with the data scheduling. It is expected that the front-loaded demodulation RS designed for fast data decoding should always exists, while additional RS can be dynamically configured to compensate Doppler parameters.
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Fig.2 An example of additional demodulation RS mapping
On the other hand, considering the trade-off between RS overhead and channel estimation performance, the density of demodulation RS should also be variable to adapt to different port numbers.
· 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 demodulation RS design in which each resource unit is associated with a certain demodulation RS sequence. From the view of UE, its whole demodulation RS is obtained by aggregating one or more short demodulation RS occupying different resource units, instead of truncating from a long sequence. Such demodulation RS design does not need OCCs in the time-domain to keep the orthogonality, especially when demodulation reference signals are mapped within a single symbol.
Proposal 2: Design of demodulation RS for data transmission should target
· Unified demodulation RS pattern for both DL and UL
· UE-specific demodulation RS for all data transmission schemes in NR
· Transmission of demodulation RS for both single and multi-TRP schemes

· More than 8 orthogonal demodulation RS ports at least for MU-MIMO

· Interference measurement to enhance data demodulation and link adaption
· Configurable/flexible demodulation RS pattern

· More flexible scheduling and pairing for MU-MIMO
4 Conclusion

This contribution discusses some considerations on reference signals for demodulation of broadcast channel, control channel and data channel. Some design principles of demodulation RS for data channel are discussed as well. In summary, the following proposals are made.
Proposal 1: Separated designs of RS should be studied for demodulation of the following channels

· Broadcast channel to convey initial system information

· Channel to convey downlink control information per UE or per group of UEs

· Channel to convey uplink control information

· Downlink and uplink data channels
Proposal 2: Design of demodulation RS for data transmission should target
· Unified demodulation RS pattern for both DL and UL
· UE-specific demodulation RS for all data transmission schemes in NR
· Transmission of demodulation RS for both single and multi-TRP schemes

· More than 8 orthogonal demodulation RS ports at least for MU-MIMO

· Interference measurement to enhance data demodulation and link adaption
· Configurable/flexible demodulation RS pattern

·  More flexible scheduling and pairing for MU-MIMO
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Appendix

System simulation assumptions

	Attributes
	Values or assumptions

	Scenarios
	Dense Urban

	Carrier frequency
	4 GHz

	System bandwidth
	10 MHz

	Channel model
	3D UMa

	ISD
	200 m

	TRP antenna height
	25 m

	TRP antenna configurations
	(M, N, P, Mg, Ng) = (8,8,2,1,1) (8,16,2,1,1) 

	UE antenna configurations
	4 RX ULA

	UE receiver noise figure
	9 dB

	Max Tx Power
	41 dBm

	UE distribution
	According to Table 6-1 in TR36.873, 80% indoor (3km/h), 

20% outdoor (30km/h), 570 users in total (10 UE/sector)

	Traffic Model
	Full Buffer

	Transmission scheme
	Closed Loop Spatial Multiplexing

	Scheduler
	PF, Subband (5RBs per RBG)

	OLLA
	Enabled

	Receiver
	MMSE-IRC


