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Introduction
In RAN1#88bis [1], the following issues regarding DC subcarrier are agreed:
· Handling of transmitter DC subcarrier at the transmitter
· DL
· UE may assume transmit DC subcarrier at the transmitter (gNB) side is modulated i.e., data is neither rate-matched nor punctured.
· Signal quality requirement (e.g., EVM) corresponding to DC subcarriers is up to RAN4.
· UL
· Transmit DC subcarrier at the transmitter (UE) side is modulated i.e., data is neither rate-matched nor punctured.
· Signal quality requirement (e.g., EVM) corresponding to DC subcarriers is up to RAN4.
· The transmitter DC subcarrier at the transmitter (UE) side should avoid collisions at least with DMRS if possible
· The specification should define at least one particular subcarrier as the candidate position of DC subcarrier, e.g., DC subcarrier is located at the boundary of PRBs
· This should be considered in the RS design for NR
· Specify means for the receiver to determine DC subcarrier location
· This involves semi-static signalling from UE and also standard specified DC subcarrier location
· FFS how to determine and how to indicate DC subcarrier location in the case of bandwidth adaptation

· 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 focus on the collision between DC subcarrier and DMRS. We aim to solve the collision by implementations at the receiver side algorithms. Therefore, the design of DMRS and DC subcarriers should be separated.   
Impact of DC subcarrier collision with data channels and DMRS
At the receiver side, providing the receiver has the information where the collision happens, the DC subcarrier collision with data channels can be categorised into 2 cases:
· Collision of DC and data: the DC component will destroy the demodulation of that subcarrier and cause ICI particularly for neighbouring subcarriers. 
· Implementation methods: 
· The RB containing DC can be avoided to be scheduled for the UE
· If scheduled a wide bandwidth so RB cannot be avoided, the decoder can weight down the contribution of those affected coded symbols by adjusting the likelihood 
· Collision of DC and DMRS: the DC offset will destroy the pilot positions on that particular subcarrier, and a whole CDM pilot group if a CDM-based pattern is used.
· Implementation methods: 
· The comb that collides with DC can be avoided to be used for that UE
· If collision occurs, the channel estimator can either skip the pilot information on the particular CDM group or replace them with the neighbour “clean” CDM group
Therefore, there are several remedies based on implementation to avoid, and if not avoidable, to mitigate DC collision that composes a combination of the above methods. Figure 1 shows the impact of DC subcarrier to different DMRS patterns and the corresponding replacement process. It is worth noting that the impact of DC collision with CDM-based DMRS pattern scales with the CDM group size. Because as long as one pilot collides with DC, it will introduce the estimate of the whole CDM group regardless of estimation algorithms.  
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[bookmark: _Ref481746540]Figure 1 DC subcarrier impact to different DMRS patterns
[bookmark: _Toc481748217][bookmark: _Toc485374295]The DC collision with DMRS has relatively smaller impact to comb structure and patterns with smaller CDM group. 
[bookmark: _Toc481760451][bookmark: _Toc485374301][bookmark: _Toc481747686][bookmark: _Toc481747962][bookmark: _Toc481755698]NR should support comb-based DMRS patterns. If F-CDM is also supported for DMRS, the length of the cover code should be small. 

Link level evaluations: DC collision with comb DMRS 
In this section, we will evaluate the following DMRS pattern with comb structure. From the channel estimation perspective, the DC impact will scale reversely with the allocated bandwidth. In other words, for smaller allocation the affected pilot will contribute significantly to the estimation of the channel, and vice versa. We aim to mitigate the DC impact using the method presented in the last section, and evaluate its impact with different allocated bandwidth. 
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The following simulations show the BLER performance while using ideal and practical channel estimations when DC subcarrier collides with DMRS, and the BLER performance while using practical channel estimator without collision. The simulations assume 4 layers SU-MIMO transmission with different allocations, and 2 DC subcarriers occupy 2 subcarriers within the allocation. The detailed simulation parameters are stated in Appendix 5.1.  
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Figure 2 BLER performance of DC collision with DMRS, allocation 2 PRBs
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Figure 3 BLER comparison of DC collision with DMRS, allocation 8 PRBs
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Figure 4 BLER performance of DC collision with DMRS, allocation 32 PRBs
Based on these evaluation results we observe:
[bookmark: _Toc481748218][bookmark: _Toc485374296]DC subcarrier collision with comb-based DMRS has minor impact to demodulation when the allocation is small. The impact becomes negligible when allocated bandwidth increases.  
Link level evaluations: DC subcarrier collision with different DMRS patterns
In this section, we compare the DC collision with different DMRS patterns, namely, the pure comb pattern and F-CDM pattern with length 2. The considered two DMRS patterns are shown in Figure 5. The simulation assumes 4-layer SU-MIMO transmission, with 2 DC subcarriers in the allocation. The detailed simulation parameters are stated in Appendix 5.2. 
We will focus on two comparisons 
· The performance comparison of different DMRS patterns under DC collision, namely, comb-4 vs. comb2+CS2 pattern;
· The performance comparison of different DMRS patterns under DC collision, with transformed domain channel estimation, i.e., practical DCT estimation.
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[bookmark: _Ref481746564]Figure 5 Pure comb pattern and F-CDM pattern
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[bookmark: _Ref482365573]Figure 6 BLER comparison when DC subcarriers collide with different DMRS patterns
Figure 6 shows that using practical LMMSE, the pure comb pattern and comb & CDM pattern provide similar performance experiencing the same DC collision. 
[bookmark: _Toc481748220][bookmark: _Toc485374297]For DMRS patterns with comb-structure or with short size F-CDM, the DC subcarriers collision results in similar performance. 
The following simulation has been focused on using a practical transformed based channel estimator for the evaluation of pattern robustness under the collision DC subcarrier. The BLER performance of using ideal channel estimator without DC imperfection has been illustrated as a benchmark for each MCS. From Figure 7, we can observe the following:
[bookmark: _Toc485374298]Using practical transformed domain channel estimation, the DC subcarrier collision with pure comb pattern or with comb&CDM pattern renders similar negligible BLER degradation. 
[bookmark: _Toc485374299]Practical transformed domain channel estimation is robust to DC impact using comb-based pattern. 
Therefore, it is sufficient to claim that the DC subcarrier impact can be handled by proper receiver side implementations to avoid severe performance degradation, providing the location of the DC subcarrier. 
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[bookmark: _Ref482365714]Figure 7 BLER comparison of DC collision with different DMRS patterns, Practical DCT vs. Ideal channel estimation
				

[bookmark: _Toc481748219][bookmark: _Toc485374300]DC subcarrier collision effect can be mitigated by implementations at the receiver side.
Therefore, for comb-structure and short size F-CDM DMRS, the DC collision can be mitigated by implementations at receiver. 
[bookmark: _Toc481747687][bookmark: _Toc481747963][bookmark: _Toc481755699][bookmark: _Toc481760452][bookmark: _Toc485374302]The DMRS design in NR does not need to consider DC collision. 
Conclusions
Based on the discussion in this contribution we propose the following:
Proposal 1	NR should support comb-based DMRS patterns. If F-CDM is supported for DMRS, the length of the cover code should be small.
Proposal 2	The DMRS design in NR does not need to consider DC collision.
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Appendix
[bookmark: _Ref481749003]Simulation Parameters: 
	Parameter
	Value

	Channel Model
	CDL-A

	Numerology
	15KHz

	Carrier frequency
	4GHz

	Transmission Slot Length
	14 symbols, with first 2 symbols reserved for PDCCH

	Transmission mode
	FDD

	Number of UE
	1

	UE speed 
	3 km/h

	Delay spread
	300ns

	Allocated bandwidth
	2, 8, 32 PRBs

	Link Adaptation
	Disabled

	Antenna configuration
	4Tx, 4Rx

	MIMO Layers
	4

	Channel estimator
	Practical LMMSE

	PRB bundled size
	4 PRBs

	DC subcarrier location
	2 fixed subcarriers within the allocated bandwidth



[bookmark: _Ref481749073]Simulation Parameters: 
	Parameter
	Value

	Channel Model
	CDL-A

	Numerology
	15KHz

	Carrier frequency
	4GHz

	Transmission Slot Length
	14 symbols, with first 2 symbols reserved for PDCCH

	Transmission mode
	FDD

	Number of UE
	1

	UE speed 
	3 km/h

	Delay spread
	300ns

	Allocated bandwidth
	4 PRBs

	Link Adaptation
	Disabled

	Antenna configuration
	4Tx, 4Rx

	MIMO Layers
	4

	Channel estimator
	Practical LMMSE/Practical DCT estimator

	PRB bundled size
	4 PRBs

	DC subcarrier location
	2 fixed subcarriers within the allocated bandwidth
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