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1 Introduction
In RAN1#88bis meeting [1], the following conclusion on DMRS and DC subcarrier has been made:
· Consider the issue of collision between DC subcarrier and DMRS. 

· Evaluate and analyze whether it can be solved by implementation or if DMRS design needs to take DC subcarrier into account

In this contribution, we provide link-level simulation (LLS) evaluation results in order to discuss the issue of collision between DMRS and DC subcarrier. Our companion contributions [2][3] also provide related discussion on DMRS and DC subcarrier.
2 DMRS and DC subcarrier
In NR, it was agreed that all subcarriers within system bandwidth are modulated regardless of a DC subcarrier at transmitter for both downlink and uplink and the signal quality requirement corresponding to DC subcarrier is up to RAN4 [4]. For the case of data transmission via DC subcarrier, even though there is some distortion in the QAM symbol, the reliability of LLR could be better than just puncturing of that subcarrier due to channel coding gain. On the other hand, if the DMRS is transmitted in a DC subcarrier, the performance degradation on channel estimation would not be negligible. In this contribution, we evaluate how much impact DC leakage can be on CP-OFDM in uplink. However, currently we do not have signal quality requirements corresponding to DC leakage for NR. In this evaluation, we consider the minimum requirements for relative carrier leakage power as -10dBc and -15dBc. Since NR system can operate in high carrier frequency band, the signal quality requirement will be tighter than LTE considering larger carrier frequency offset, RF implementation aspect, and etc. The illustration of DMRS pattern and DC locations are depicted in Figure 1. Also, more detailed evaluation parameters are given in Appendix A.
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Figure 1 Illustration of DMRS pattern and DC subcarrier locations
	
[image: image3]
(a) -10dBc carrier leakage
	
[image: image4]
(b) -15dBc carrier leakage


Figure 2 Impact of DC distortion over DMRS or data region (256QAM, LTE MCS=23)
Figure 2 shows the performance impact by collision between DMRS and DC subcarrier. We have evaluated BLER performance for 256QAM. As shown in Figure 2, the severe performance degradation is observed when DC leakage -10dBc and -15dBc are considered. In this regard, we can make following observation and proposal:
Observation: The performance impact by collision between DMRS and DC subcarrier is severe in case of 256QAM when DC leakage -10dBc and -15dBc are considered. 
Proposal1: RAN 4 should provide the minimum requirements for relative carrier leakage power for NR system considering high carrier frequency band operation.
Based on observation above, it is recommended that avoiding collision between DC subcarrier and DMRS. In order to avoid collision between DC subcarrier and DMRS, all subcarriers cannot be used for DMRS. Based on current agreements on DMRS design, NR supports a common DMRS structure for DL and UL at least for CP-OFDM. Therefore, we can easily reuse DL DMRS design principle for UL. However, based companies’ proposals on NR DMRS pattern [5], some of DMRS patterns use all subcarriers as DMRS REs when large number of DMRS ports are multiplexed. In this case we can consider two different implementation approaches as:

· Alt.1: DMRS of DC subcarrier is not transmitted.
· Alt.2: The number of DMRS port is limited
In case of Alt.1, a transmitter does not transmit DMRS corresponding to DC subcarrier and instead that subcarrier can be used for data transmission. At a receiver, only remaining DMRS is used for channel estimation. However, it is inevitable that channel estimation performance degrades on that RB including DC subcarrier. More seriously, if OCC is used for port mapping, orthogonality is broken between two antenna ports sharing a subcarrier which may be used for DC subcarrier. On the other hand, in case of Alt. 2, a transmitter does not schedule high number of transmission layers for a RB with existing DC subcarrier. In this case, all subcarriers cannot be used as DMRS REs and empty REs not used for DMRS can be used for DC subcarrier. However, scheduling restriction on a RB with DC subcarrier would result in inefficient resource utilization. Therefore, in order to handle DC subcarrier, we propose:
Proposal2: At least for CP-OFDM, NR DMRS design needs to take DC subcarrier into account.
3 Conclusions
This contribution provides evaluation results on the issue of collision between DMRS and DC subcarrier and proposes the following based on observation:
Proposal1: RAN 4 should provide the minimum requirements for relative carrier leakage power for NR system considering high carrier frequency band operation.
Proposa2: At least for CP-OFDM, NR DMRS design needs to take DC subcarrier into account.
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Appendix A: LLS evaluation assumptions
Table 2 LLS evaluation assumptions

	Assumptions
	Value

	Carrier frequency
	4GHz

	Subcarrier spacing
	15kHz

	Antenna configuration
	2x2 (x-pol)

	DC distortion power
	-10 and -15 dBc

	Transmission layers for data channel
	SU-MIMO with rank=1

	Transmission scheme
	Analog BF based on beam selection + Digital BF based on ideal SVD

	Data allocation
	1 RBs

	Modulation order, Coding rate
	LTE MCS=23 (3GPP TS 36.213, Table 7.1.7.1-1A)

	Channel coding scheme
	LTE turbo coding 

	Channel estimation
	Real estimation

	Performance metric
	BLER

	UE speed
	30 km/h

	Channel model
	CDL-A with DS value=300ns
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