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1. Introduction
In NR dynamic TDD, different cells may decide to use slots for DL or UL depending on the local needs, e.g. adaptation to uplink/downlink traffic. At a given slot, different cells may not have aligned transmission direction. Consequently UE and/or gNB can suffer both conventional interference and cross-link interference. As a result, the interference management in NR should be able to handle both conventional interference scenarios and cross-link-interference scenarios. 


Figure 1 Interferences in dynamic TDD

As discussed in LTE interference management, the interference management schemes are grouped according to whether they are proactive or reactive:
· Proactive approaches
· Power control and coordinated schemes (e.g. coordinated beamforming/scheduling, OTA signalling if any, etc.)
· Link adaptation
· Sensing/measurement scheme (e.g. LBT-like, OTA measurement if any, etc.)
· Reactive approaches
· Advanced receiver for interference cancellation/suppression 
· RS design (e.g. symmetric RS) between DL and UL 
In this paper, we will focus on the reactive approaches.	
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In Rel-12, Network-Assisted Interference Cancellation and Suppression (NAICS) was introduced to deal with the interference from neighboring cells [1]. In NAICS, non-linear receivers such as symbol level interference cancellation (SLIC) receiver or reduced complexity maximum likelihood (RML) receiver were discussed. To reduce the burden of blind detection for UE, some neighbor cell information is signaled from higher layer. For convenience, the signaled parameters are listed below:
· List of Pa value : {-6dB, -3 dB, 0dB}
· List of transmission mode: {TM2, TM3, TM4, TM8, TM9}
· Cell ID
· Pb
· CRS port number
· MBSFN configuration
· precoding granularity in PRB pair 

With the assisted information, in NAICS UE still need to blindly detect
· PMI/RI
· Modulation order
· Starting symbol of PDSCH
· On/off scheduling (the existence of interference)
· TM
· Pa value
Interference management scheme similar to the techniques in Rel-12 NAICS can be considered in NR dynamic TDD. For example, non-linear receivers such as reduced complexity maximum likelihood (RML) receiver can be considered. Of course, one significant difference from NAICS is that a UE may need to cancel/suppress interference from base station transmission and UE transmission. Consequently assistance information for NR dynamic TDD should include those for gNBs and UEs. From the receiver’s point of view, parameters which are required to be blindly detected are divided into two groups, one group for gNB interference, another for UE interference. For gNB interference, following parameters are required to be blindly detected 
· Transmission scheme
· E.g., SFBC or beamforming/precoding
· Number of Layers used by interference gNB
· Numerology 
· Modulation order
· Slot/mini slot
· Starting/ending symbol of gNB interference 
· Existence of interference
· Antenna port of DMRS
· Cell ID
· Cyclic shift or scrambling identity
· DL power allocation if power boosting is applied on reference signal

For UE interference, following parameters are required to be blindly detected 
· Transmission scheme
· E.g., SFBC or beamforming/precoding
· Number of Layers used by interference UE
· Numerology 
· Modulation order
· Slot/mini slot
· Starting/ending symbol of UE interference
· Existence of interference
· Antenna port of DMRS
· Serving Cell ID
· Cyclic shift or scrambling identity
· UL power allocation 

A UE can be signaled with three sets of parameters, one set is for gNB interference; another set is for UE interference.

Observation 1. Interference management scheme similar to in Rel-12 NAICS can be considered in NR dynamic TDD.

To support advanced receiver in dynamic TDD, it is beneficial that both downlink and uplink transmission should apply the same communication scheme, e.g., OFDMA system for both downlink and uplink. By using the same communication scheme for downlink and uplink, the complexity of cross-link-interference management can be reduced. Since dynamic TDD is applied in small cell scenarios, using OFDM(A) for both downlink and uplink is reasonable as coverage is not an issue. Furthermore, to reduce the complexity of the receiver (gNB or UE), the reference signal (RS) for downlink and uplink can have the same structure [2]. 

Proposal 1. In NR dynamic TDD, both downlink and uplink transmission is suggested to apply the same communication scheme (e.g., OFDMA system) for cross-link-interference management. To reduce the complexity of the receiver, the reference signal (RS) for downlink and uplink can have the same structure.

In DL transmission, the time-domain position of RS may depend on the size of control region. For example, if the control region occupies 1 OFDM symbol, the RS may located in 1st OFDM symbol. If the control region occupies 3 OFDM symbol, the RS may located in 3th OFDM symbol. In this case, the RS location of conventional/cross-link interference from neighboring cell may be different and thus the receiver needs to blindly detect all the possibilities. To reduce the complexity for blind detection, we suggested that the RS location in time domain shall be independent of the control region size. 

Proposal 2. In NR, it is suggested that the first RS location is independent of the control region size. Two options can be considered
1. The control region size is fixed to 2 OFDM symbols and the first RS symbol is located in 2nd OFDM symbol.
2. The control region size is configurable and the location of the first RS symbol is fixed.

In the case that uplink transmission uses SCFDMA instead of OFDMA, then enhanced IRC receivers at gNB or UE can be used to suppress cross link interference. If the reference design as in LTE uplink is inherited in NR uplink with SCFDMA (i.e. a reference signal occupies a whole OFDM symbol in the uplink transmission) and a reference signal design similar to CRS or DMRS in LTE downlink is used for NR downlink with OFDM; then enhancement to obtain better estimation on the interference covariance matrix can be considered. 


3. Considerations on RS design for reactive approaches
In this section, we discuss the considerations on RS design for interference management in dynamic TDD. In the following discussions, we assume 1) both downlink and uplink use the same communication scheme (e.g., OFDMA) and 2) RS for downlink and uplink transmission have the same structure. For the RS sequence design, there are two options:

Option 1). ZC/computer generated CAZAC sequence. This case is similar to the UL DMRS in LTE.
Option 2). Pseudo-random sequence. This case is similar to the DL DMRS in LTE.

ZC/computer generated CAZAC sequence
In this option, the sequence is generated by ZC or computer generated CAZAC sequence. There can be at least 30 sequence groups for each data bandwidth. The cross-correlation between each group is constant. The group is divided according to the cell ID and the OFDM symbol index in a slot/mini slot. For each group, there can be 12 cyclic shifts, which can be signaled by DCI using 3 or 4 bits. The ZC sequence has the following properties
· The cross-correlation of different group is constant.
· The auto correlation of a ZC sequence with a cyclically shifted version of itself is zero.

Orthogonal cover codes (OCC) and cyclic shifts of a ZC or computer generated CAZAC sequence can be used to generate 24A orthogonal signals, which assume there are 12 cyclic shift and A OFDM symbols used for OCC. The pros and cons of using this design are listed below

· Pros
· Cell ID and cyclic shift can be used to distinguish the desired RS from interfered RS. UE can perform interference cancellation based on the detected Cell ID and cyclic shift.
· Auto/cross-correlation property can be used to determine cyclic shift of the interferences.
· Cons
· Cyclic shift ambiguity may occur if the timing of UE-to-UE interference is not synchronized.
· Large RS overhead to maintain the good correlation property (continuous REs)
· Concerns on correlation property
· In following cases, the correlation property is not hold
· Desired RS and interference RS have different sequence length or subcarrier spacing.
· Desired RS and interference RS are be partially overlapped.
· For small sequence length, the cross-correlation becomes large.
· Number of orthogonal combinations depends on sequence length.
· The orthogonal combinations with good correlation property is inversely proportional to the number of ports. This implies more RS overhead if we want to support more antenna ports.

Observation 2. In dynamic TDD, the correlation property of ZC/computer generated CAZAC sequence may not be hold due to the uncertainty of the interference.

Pseudo-random sequence
In this option, the sequence is generated by a length-31 Gold sequence. The gold sequence is initialized by the slot/mini slot index, cell ID, and the scrambling identity. The cell ID and scrambling identity can be used to differentiate the conventional and cross-link interferences received by the receiver (gNB or UE). For example, the scrambling identity can be set to 0-7 using 3 DCI bits. Then there are 4032(504*8) combinations of desired signal and interference source. The pros and cons of using this design are listed below
· Pros
· Cell ID and scrambling identity can be used to distinguish the desired signal from interferences. UE can perform interference cancellation based on the detected Cell ID and scrambling identity.
· 4032 combinations can be supported using 3 DCI bits.
· Support up to 12 antenna ports with 36 DMRS REs overhead per PRB [3].
· No constraint on sequence length.
· Cons   
· Detection and false alarm probability of detecting scrambling identity. This may not be an issue if we only want to cancel the x strongest interferences, where x ≥ 1.

Observation 3. In dynamic TDD, Pseudo-random sequence can provide large combinations of desired signal and interference source and support up to 12 antenna ports with 36 DMRS REs overhead per PRB.


Proposal 3. In NR, it is suggested to use Pseudo-random sequence as the RS sequence for both downlink and uplink transmission.

The scrambling identity can also be used to signal the type of interference source (gNB or UE). For example, supposing nSCID ranges from 0 to15 (4bits), 0-7 can be used for DL DMRS and 8-15 can be used for UL DMRS. With this signaling, the receiver complexity can be reduced depending on interference scenarios. With conventional interference scenarios, the receiver can be configured to cancel conventional interference only (gNB to UE or UE to gNB), specifically the UE receiver can be configured through RRC signaling to perform blind detection for gNB interferences only. In this case, the cross-link interference (gNB to gNB or UE to UE) can be suppressed by MMSE-IRC receiver.

With cross-link interference scenarios, the receiver can be configured through RRC signaling to perform blind detection for both conventional interferences and cross-link interferences. For example, UE receiver can be configured through RRC signaling to perform blind detection for gNB interferences and UE-to-UE interferences.



4. Simulations
In this section, we show the throughputs of the RML receiver for dynamic TDD. For comparison, the results of using IRC receiver are also simulated. The simulation assumptions are shown in Appendix Table 1. Three INR (interference to noise power ratio) settings are assume: 
Setting 1. Low interference power: INR1 = 5dB, and INR2 = -5dB
Setting 2. Medium interference power: INR1 = 15dB, and INR2 = 5dB
Setting 3. High interference power: INR1 = 25dB, and INR2 = 15dB

Figure 2 shows throughput performance. For the low interference power case, the performance of RML receiver is the same the IRC case because the power of the interference is too low to be canceled at the receiver. For the medium and high interference power cases, the performance of RML receiver is obviously better than the IRC case. For example, for the medium interference power case, the RML receiver can achieve 2 dB gain at 3.5 Mbps throughput. For the High interference power case, the RML receiver can achieve 2.5 dB gain at 3.5 Mbps throughput.
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                                (a) Low interference power                                               (b) Medium interference power
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(c) High interference power
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Observation 4. For the medium and high interference cases, it is beneficial to apply advanced receiver for interference management.
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From above discussion, we have
Observation 1. Interference management scheme similar to in Rel-12 NAICS can be considered in NR dynamic TDD.

Proposal 1. In NR dynamic TDD, both downlink and uplink transmission is suggested to apply the same communication scheme (e.g., OFDMA system) for cross-link-interference management. To reduce the complexity of the receiver, the reference signal (RS) for downlink and uplink can have the same structure.

Proposal 2. In NR, it is suggested that the first RS location is independent of the control region size. Two options can be considered
1. The control region size is fixed to 2 OFDM symbols and the first RS symbol is located in 2nd OFDM symbol.
2. The control region size is configurable and the location of the first RS symbol is fixed.

Observation 2. In dynamic TDD, the correlation property of ZC/computer generated CAZAC sequence may not be hold due to the uncertainty of the interference.

Observation 3. In dynamic TDD, Pseudo-random sequence can provide large combinations of desired signal and interference source and support up to 12 antenna ports with 36 DMRS REs overhead per PRB.

Proposal 3. In NR, it is suggested to use Pseudo-random sequence as the RS sequence for both downlink and uplink transmission.

Observation 4. For the medium and high interference cases, it is beneficial to apply advanced receiver for interference management.
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7. Appendix
	Parameters 
	values

	Simulation time
	5000 ms

	Reference signal
	CDM RS pattern 

	Number of interference cells
	2

	RS colliding 
	For CDM, the RS of serving cell is collided with the RS from two interference sources
For FDM, the RS of serving cell is collided with the RS from interference source 1.

	Channel model
	EPA 5

	Bandwidth
	10 MHz

	Subcarrier spacing
	15kHz

	Carrier frequency
	2 GHz

	Interference model
	RAN 4 random interference model:
Probabilities of MCS5, MCS14, and MCS25 are, respectively, 0.5, 0.25, and 0.25. Probabilities of rank 1 and rank 2 are, respectively, 0.8 and 0.2.

	EVM
	6%

	MCS of serving cell
	9 for the serving cell

	Rank of serving cell
	1

	Number of antennas
	Tx:2; Rx: 2

	Interference to noise power (INR) in dB
	INR for interference cell 1 = [5 15 25]
INR for interference cell 2 = [-5 5 15]

	HARQ
	ON

	Receiver type
	IRC receiver, RML receiver

	Performance metric
	Throughput 
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