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1 Introduction
In RAN#86 the following agreement was made with respect to DM-RS support in NR [1]:

	· 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


In this contribution we provide our views regarding the need of introducing UE-specific RS and Shared RS for NR as well as some design aspects to be considered.

2 Discussion

DM-RS design requirements
RS design for demodulation (DM-RS) should fulfill different requirements to support different deployment scenarios, use cases and verticals. The possible list of main DM-RS requirements that should be considered for NR specification can be summarized as follows:
· The channel estimation efficiency of NR DM-RS should be not worse comparing to LTE in various propagation scenarios with different time and frequency selectivity of the channel

· Low complexity of DM-RS channel estimation for low latency applications
· DM-RS should provide reliable and valid interference measurements for IRC receivers

· Efficient support of different TTI lengths and different number of MIMO layers

· Efficient support of advanced transmission schemes such as MU-MIMO and CoMP modes

· Transparent MU-MIMO pairing with minimum or nor impact on PDSCH/PUSCH mapping

· Flexible DM-RS antenna port transmission from different TRPs / UEs
· Possibly support of UE-side beam refinement

· Support of interference randomization

Shared RS design consideration
One type of DM-RS to be considered for NR specification is shared RS (SH-RS). Support of shared RS in NR may be beneficial to support efficient transmission of the small packets (e.g. control, URLLC) or to improve channel estimation performance in eMBB in the noise/interference limited scenarios to make it similar to LTE with CRS based TMs. 
The main difference of SH-RS comparing to UE-RS is that scheduling parameters may not be ‘aligned’ (e.g. position in the sub frame and/or bandwidth) with the transmission of the physical channel. Since the transmission SH-RS may not be aligned, a separate signaling from the signaling of the physical channels should be considered. The time domain position of the SH-RS can be also flexible and can be made close to the start of sub frame to support low latency channel estimation processing or improve reliability of control channel demodulation (similar to RI on PUSCH in LTE) which could be also transmitted in the start of subframe. 
The SH-RS for NR can be indicated to the UE using:
· Higher layer signalling, e.g. for conventional eMBB use cases 
· Dedicated DCI signaling with blind detection based on the CRC, e.g. to support NR in unlicensed spectrum
To provide various use cases, the SH-RS should support flexible PRB bundling assumption, e.g. starting from maximum granularity of a single PRB to allow precoding cycling and up to the lowest granularity of all SH-RS bandwidth. For the latter case the transmission of physical channel can be assisted by transmitting precoding information, e.g. in DCI similar to PMI signaling in TM4 of LTE. To reduce the reference signal overhead the maximum number of supported antenna ports for SH-RS can be limited to 2. 
Proposal:

· To provide similar channel estimation performance as LTE, NR should support SH-RS for data and control

· Presence of SH-RS can be RRC configured or dynamically indicated using DCI

· The maximum number of antenna ports can be limited to 2 or 4
· The PRB bundling can be flexibly configured

UE-specific RS design consideration
UE-RS is required for NR to support efficient transmission of the physical channels including support of advanced CoMP/MU-MIMO schemes. The UE-RS are expected to be triggered by the control information of the associated physical channel. The bandwidth UE-RS should aligned with bandwidth of the physical channel and other parameter of RS should be provided as part of the physical channel DCI. In this case, since the channel estimation on UE-RS can be performed only after demodulation of UE-specific control information, the UE-RS can be transmitted in the part of subframe that follows transmission of control channel, e.g. on the same OFDM symbols or next symbols of the control channel to facilitate early channel estimation processing. As part of physical channel DCI, second DM-RS may be also indicated to improve the performance in high Doppler scenarios.
Two approaches can be considered for UE-RS and data channel multiplexing (see Figure 1):

· TDM with dedicated DM-RS symbols
· TDM / FDM
between UE-RS and data
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Figure 1: Different approaches for UE-RS and data multiplexing
The comparison of two multiplexing approaches is provided below: 

Support of MU-MIMO is essential to provide high spectral efficiency of the NR system and to meet 3x IMT-A spectral efficiency requirement. For most efficient MU-MIMO operation, the scheduling decision can be flexible enough to allow pairing of different number of UEs depending on the PRBs index (see Figure 2)
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Figure 2: Illustration of flexible pairing of UEs
To provide the flexibility of MU-MIMO scheduling operation, the PDSCH REs should not change depending on the number of co-scheduled UEs. In this case for TDM based approach, the PDSCH REs mapping is fixed, while for FDM/TDM based approach, maintaining the same PDSCH REs mapping requires special design consideration. 
The UE-RS should support the CoMP operation including support of advanced CoMP schemes such as non coherent JT. From transmission perspective support of non coherent JT can be viewed as support of MU-MIMO in the uplink, where different UE-RS antenna ports originates from different transmission sources. In this case the design approach for UE-RS can be similar to the design of UE-RS in the UL MIMO, and should allow estimation of the time and frequency offsets on different antenna ports
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Figure 3: Illustration of transmission similarities between UL MU-MIMO and DL CoMP with non-coherent JT
Support of different TTI lengths is another essential requirement for NR. Depending on DM-RS structure, the following transmission approaches for UE-RS can be considered:
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Figure 4: Illustration of possible options for short TTI support
For TDM based approach to reduce the UE-RS overhead, sharing of the DM-RS REs for different UEs should be considered. However, the sharing of UE-RS REs may complicate the scheduling operation as the UE-RS transmission should be performed before the corresponding transmission of the data. In addition the sharing of UE-RS REs may also mismatch the inter-cell interference covariance measurements for MMSE-IRC receiver and would require introducing of the additional means to estimate the interference. Another approach to reduce the UE-RS overhead for TDM multiplexing is to use different numerology for the UE-RS e.g. by increasing the subcarrier spacing.
Support of forward compatibility is another important requirement for NR operation. The forward compatibility support should be also provided to possible introduction of the new waveforms. The waveforms for NR for the high frequency band may require low PAPR support. Considering forward compatibility aspect TDM based approach may be more preferred for UE-RS design, but not so critical.
Table 1: The comparison of TDM and TDM/FDM multiplexing options

	
	TDM (dedicated OFDM symbol)
	TDM/FDM

	RS overhead
	Fixed
	Flexible depending on the number of antenna ports

	Support of transparent MU-MIMO
	Yes
	Possible

	Overhead (short TTI)
	High or requires different numerology support
	Small

	Support of IRC receivers (short TTI)
	Difficult
	Yes

	Scheduling flexibility (short TTI)
	Limited
	High

	Forward compatibility for new WF
	Yes
	No

	Support of different numerologies with physical channels
	Yes
	No


Summarizing discussion above the following proposal should be made:

Proposal:

· Consider the following options for UE-RS and data multiplexing 
· TDM with dedicated symbol(s) for UE-RS

· TDM/FDM
3 Performance evaluation

As described in the previous sections, the DM-RS design considers distinct requirements in different perspectives depending on use cases. The link-level evaluation is provided in this section to exhibit the effect of DM-RS symbol location and density (i.e., the number of symbols dedicated to the DM-RS) on the link-level performance in terms of throughput. The detailed simulation assumption is supplied in Appendix. The evaluation considers four scenarios as
· Case-1: Two-OFDM-symbol DM-RS at the center of each slot;
· Case-2: Two-OFDM-symbol DM-RS in the beginning of each slot;
· Case-3: One-OFDM-symbol DM-RS in the beginning of the first slot;
· Case-4: LTE DM-RS as reference.
For numerology, 15 kHz and 60 kHz subcarrier spacing is taken into account in Figures 5 and 6, respectively. The throughput curves for the aforementioned DM-RS design cases considering 15 kHz subcarrier spacing, are illustrated in Figure 5, where Cases-1 to 3 adopt comb-pattern DM-RS along with Zadoff-Chu (ZC) sequence in each OFDM symbol assigned to DM-RS. Further, QPSK with 1/2 code rate, 16-QAM with 3/4 code rate, and 64-QAM with 5/6 code rate are adopted as a modulation and coding scheme (MCS); channel condition is EVA-70 Hz Doppler frequency; and PDSCH bit payload is appropriately adjusted corresponding to the aforementioned code rate after rate matching. In this particular scenario given to Figure 5, the observations are as follows.
Observations:

· The single-symbol DM-RS (Case-3) shows the same throughput performance as that of the legacy LTE DM-RS (Case-4) in modulation order 2, which is in an agreement with the theoretical expectation that Case-3 and 4 have the same number of REs assigned to DM-RS; therefore the same performance in a good condition.
· LTE DM-RS (Case-4) outperforms comb-pattern DM-RSs (Cases-1 to 3) more substantially as the modulation order and code rate increases from 2 to 6.
· Among the scenarios of adopting the double-symbol DM-RS (Cases-1 and 2), the DM-RS symbols at the center of each slot exhibits throughput improvement beyond the DM-RS symbols in the beginning of each slot.
· The single-symbol DM-RS (Case-3) shows better throughput than the double-symbol DM-RS in the beginning of each slot, since the former has more REs for data transmission.
·  Case-4, i.e., the legacy LTE DM-RS, exhibits the better BLER performance than Cases-1, 2 and 3 in a given scenario. However, it depends on the channel condition and system parameters as we will see in Figure 6.
· The trade-off between DM-RS density and available data REs for data transmission, affects the throughput performance.
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PDSCH throughput: different DM-RS design options
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Figure 5: Comparison of throughput curves for the given DM-RS design options and MCSs: EVA channel with 70 Hz Doppler frequency, numerology of 15 kHz subcarrier spacing 
On the other hand, a different numerology, i.e., 60 kHz subcarrier spacing is taken into account in Figure 6, where throughput performance exhibits different tendency from that in Figure 5. All the remaining configurations except subcarrier spacing is the same as those in Figure 5. Below is the observations in Figure 6.
Observations:

· The cases of Double-symbol DM-RS (Cases-1 and 2) have almost the same throughput performance in a given range of SNR regardless of the location/RE mapping of the DM-RS.
· Single-symbol DM-RS (Case-3) causes improvement in throughput beyond double-symbol DM-RS (Cases-1 and 2), due to more available REs are allocated in data transmission, and further, the benefit from the additional DM-RS symbol to the first DM-RS symbol is regarded as marginal in this scenario of shorter symbol duration than the scenario of 15 kHz subcarrier spacing.
· The legacy LTE DM-RS (Case-4) exhibits significant deterioration of the throughput performance in comparison to Cases-1, 2 and 3, in particular for the high modulation order such as 6.
· The DM-RS density in the frequency domain is regarded as more impactful on the throughput performance than the overall DM-RS density per PRB in the scenario of large subcarrier spacing, as the associated channel condition is highly frequency selective.
· The trade-off between DM-RS density and available REs for data transmission, affects the throughput performance.
Furthermore, Figures 5 and 6 also conclude the generic observation as
Observation:

· DM-RS design fulfills different requirements to support different scenarios such as deployment scenarios, channel condition, use cases and verticals.
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          Figure 6: Comparison of throughput curves for the given DM-RS design options and MCSs: EVA channel with 70 Hz Doppler frequency, numerology of 60 kHz subcarrier spacing 
4 Summary

In this contribution we provide our views regarding the need of introducing UE-specific RS and Shared-RS for NR as well as some design aspects to be considered. The following proposals were made:

· To provide similar channel estimation performance as LTE, NR should support SH-RS for data and control

· Presence of SH-RS can be RRC configured or dynamically indicated using DCI

· The maximum number of antenna ports can be limited to 2 or 4
· The PRB bundling can be flexibly configured

· Consider the following options for UE-RS and data multiplexing 

· TDM with dedicated symbol(s) for UE-RS

· TDM/FDM
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Appendix
Appendix 1. Simulation Assumption

	Configuration
	Comments

	Scenario
	BLER and throughput for different DM-RS design and MCS

	Transmission mode
	DM-RS based

	MIMO configuration
	rank-1 transmission 

	Numerology
	15 kHz , 60 kHz subcarrier spacing

	MCS
	QPSK with 1/2 code rate, 16-QAM with 3/4 code rate, 64-QAM with 5/6 code rate 

	DM-RS density
	12 REs/PRB (single-symbol DM-RS, legacy LTE DM-RS),

24 REs/PRB (double-symbol DM-RS)

	Codewords
	1 codeword

	PRBs
	8/subframe

	Frame structure
	FDD

	Number of PDCCH symbols
	1

	Channel
	EVA-70Hz
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