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1 Introduction

In the RAN1#87 meeting, the following agreement and conclusion was achieved [1]:

	Agreements:
· At least following schemes are identified to be further studied aiming to mitigate cross-link interference with and without the assumption on inter-cell coordination:

· Advanced receiver for interference cancellation/suppression 

· RS design (e.g. symmetric RS) and timing alignment between DL and UL 

· Sensing/measurement scheme (e.g. LBT-like, OTA measurement if any, etc.)

· Power control and coordinated schemes (e.g. coordinated beamforming/scheduling, OTA signalling if any, etc.)

· Link adaptation


Duplexing flexibility has been recognized as one of the key features to improve data rate in NR, which allows flexible resource allocation among different transmission directions for both paired and unpaired spectrum. However, cross-link interference would occur in case that neighboring cells use different transmission directions on the same time-frequency resource within an unpaired spectrum or either part of paired spectrum, and such interference is the key issue to be tackled for duplexing flexibility. In the last RAN1 meeting, several techniques were identified to be studied in order to mitigate cross-link interference. In this contribution, we mainly discuss the advanced receiver technique and its enabling schemes including symmetric RS design and timing alignment between DL and UL, and such schemes can be applied to both paired and unpaired spectrum. 
2 Discussion
In our companion contribution [2], interference coordination schemes are demonstrated to be necessary to tackle the cross-link interference caused by duplexing flexibility. However, such interference cannot be always avoided completely by only using corresponding interference coordination schemes, and cross-link interference would inevitably exist at the receiver side which needs to be cancelled or suppressed.
In LTE studies, e.g., NAICS [3] and MUST [4], advanced receivers are studied for interference cancellation/suppression. The candidate receiver types can be mainly divided into the following three categories as
· Interference suppression (IS) receivers: LMMSE-IRC, enhanced LMMSE-IRC (E-LMMSE-IRC) etc.

· Maximum likelihood (ML) receivers: ML, reduced complexity ML (R-ML) etc.
· Interference cancellation (IC) receivers: L-CWIC, SLIC etc.

Note that the above receivers have different trade-offs among performance, complexity, network coordination, and network signalling. Each receiver type may operate under different degrees of knowledge of interferer parameters, and may be applicable for different interference scenarios. Considering that E-LMMSE-IRC and R-ML receivers have been well studied and proved to be effective to tackle the interference issue in NAICS and MUST WIs, we select E-LMMSE-IRC and R-ML receivers as examples to evaluate the necessity and effectiveness of advanced receiver based interference cancellation/suppression. And other types of receivers can be also considered. The simulation assumptions are listed in Table A1 in the appendix. In accordance with the results shown in Figure A1 in the appendix, the following observations can be obtained.
Observation 1: Demodulation performance without interference cancellation/suppression is significantly degraded when cross-link interference exists.
Observation 2: E-LMMSE-IRC and R-ML receivers are effective to cancel/suppress cross-link interference caused by NR duplexing flexibility.
Proposal 1: Advanced receiver based interference cancellation/suppression should be supported for NR duplexing flexibility.
· E-LMMSE-IRC or R-ML receiver can be considered as a starting point.

2.1 Symmetric RS design for DL and UL
It is necessary to emphasize that the performance of advanced receivers, e.g., E-LMMSE-IRC and R-ML highly depends on the channel estimation accuracy of cross-link, and the channel estimation performance is mainly determined by the RS design for both DL and UL. In LTE system, the demodulation and measurement RS for DL and UL are designed in asymmetric manners, i.e., the corresponding RS patterns are distinct. When cross-link interference exists, the UL RS in one cell would endure severe interference caused by DL signals including data or RS, and vice versa. There is no doubt that such interference would highly degrade the channel estimation/measurement performance. Especially for demodulation, the performance would be significantly degraded though advanced receiver based interference cancellation/suppression is adopted. 

To maintain the robust for duplexing flexibility, a straightforward solution to avoid cross-link interference on RS is to mute the REs used by UL RS on the DL side. Namely, for a DL subframe, no PDSCH would be mapped on the REs used by for transmitting UL RS by a UE in a same time-frequency resource of the PDSCH. Apparently, this approach would lead to degradation of spectral efficiency due to the fact that the available REs for data transmission would be decreased after muting RS REs on cross-link. Moreover, if the REs for transmitting DL and UL RS are partially overlapped, muting the overlapped REs may destroy the orthogonality among different DL/UL ports, thus degrading MIMO performance. However, the gains brought by interference cancellation and duplexing flexibility shall well compensate for the loss of spectrum utilization due to RE muting to avoid cross-link interference on RS. 
When DL and UL RS are of symmetric design, i.e., DL and UL RS have unified pattern including the same CDM fashion if utilized, the orthogonality between DL and UL RS can be achieved by using scheduling based approach. Based on the symmetric design, it can be treated that DL and UL RS ports are selected from a common set which consists of N orthogonal RS ports. When duplexing flexibility is enabled, M of the total N RS ports are allocated to DL while the other (N-M) RS ports are assigned to UL. When duplexing flexibility is not enabled, all the N RS ports can be assigned to both DL and UL.

In the following Figure 1, the demodulation performance with different DL and UL DMRS design are evaluated and compared. The concerned scenario is that a desired UL transmission is interfered by DL signal. The simulation assumptions and simulated RS patterns are shown in Table A1 and A2, respectively, in the appendix. For the patterns in Table A2, only DMRS is transmitted on the 3rd symbol within each subframe and no data will be carried on this symbol. It can be observed that symmetric RS design with multiplexing DL and UL RS in FDM and CDM perform better than asymmetric design. Besides, it is also seen that CDM between DL and UL RS can achieve similar performance with that of FDM when cross-link interference power is not very high. With high interference, the performance of CDM method is degraded slightly compared to the FDM approach. 
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(a) INR = 0dB                                               (b)  INR = 10dB                                      (c) INR = 20dB
Figure 1. Demodulation performance using advanced receiver with different DMRS design
Since symmetric RS design is more beneficial to avoid cross-link interference between DL and UL RS than asymmetric RS design and orthogonality between DL and UL DMRS is preferred to ensure the effectiveness of advanced receiver based interference cancellation/suppression, then we give the following proposals.
Proposal 2: Support a symmetric pattern design between DL DMRS and UL DMRS with CP-OFDM.
For the case of UL transmission with DFT-S-OFDM, it is also needed to have proper mechanisms to avoid interference between DL and UL DMRS since the results in Figure 1 show that the interference between DL and UL DMRS has severe impact on demodulation performance. 
Proposal 3: The mechanism(s) of interference avoidance and mitigation among DL DMRS, UL DMRS with CP-OFDM, and UL DMRS with DFT-s-OFDM, for example using RE-muting, is/are supported. 
· FFS details of the above mechanism(s)
Proposal 4: For NR duplexing flexibility, DL and UL DMRS can be configured to be orthogonal with each other.
Besides, consider the guard period between DL control and UL data in UL self-contained slot, and different number of control symbols, the DL and UL DMRS may not be aligned. In order to attain RS orthogonality of cross-link when symmetric RS design is adopted, it is needed to align the DMRS symbols of cross-link.

In LTE, UL DMRS adopts ZC sequence to lower PAPR, and it is not resource specific, i.e. the specific ZC sequence is related to the resource number allocated to one UL transmission, irrespective of the resource’s frequency location. However, such RS design like LTE UL DMRS is not preferred for tackling cross-link interference of duplexing flexibility, as it will lead to additional signaling overhead to indicate the resource allocation or high complexity for receivers in blind interference estimation and cancellation due to more RS hypotheses. As a resource specific RS design, resource unit specific RS [5] should be considered for duplexing flexibility.

Proposal 5: Resource unit specific RS can be considered for NR duplexing flexibility.

2.2 Timing alignment

On unpaired spectrum or either part of paired spectrum, timing misalignment will inevitably exist between DL and UL due to the UL-to-DL switching time and propagation delay on different links. It has been demonstrated in [6], the performance of advanced receiver degrades when timing misalignment is larger than CP length. When the timing misalignment is within CP duration, the performance can be acceptable. To ensure the effectiveness of advanced receiver, timing alignment between DL and UL needs to be studied.
Methods to realize the timing alignment in time domain at the receiver side should be investigated. One of the simple methods is to introduce additional timing offset to align the symbols between DL and UL of neighbor cells. Some blank resource may be needed to support this additional timing offset, and if the DL-to-UL switching time is short enough, there would be no waste of resource, as shown in Figure 2. 

Another method is to introduce new timing parameters to adjust subframe timing. An example is shown in Figure 3 where the UL subframe timing is adjusted to achieve same UL and DL receiver timing. 


[image: image4.emf]U

D D

Additional timing offset

symbol

Timing offset

slot

D

U

D D

T

DU


[image: image5.emf]D D D U

D U U D

symbol

Timing offset

slot

D

T

DU

Additional timing offset


(a)                                                                              (b)

Figure 2. Examples of timing offset on cross-link
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Figure 3. Example of subframe timing adjustment on cross-link
In practice, cross-link timing alignment in multi-cell needs to be addressed. In this case, different additional timing offsets are needed to achieve perfect timing alignment among different cross-links at the same time. To reduce the complexity, the mentioned solutions, e.g., introducing additional timing offset and subframe timing adjustment can be also adopted to achieve cross-link timing alignment within CP duration.
Proposal 6: Strive for timing alignment between DL and UL for NR duplexing flexibility.
3 Conclusions
In the contribution we have the following observation and proposals.
Observation 1: Demodulation performance without interference cancellation/suppression is significantly degraded when cross-link interference exists.
Observation 2: E-LMMSE-IRC and R-ML receivers are effective to cancel/suppress cross-link interference caused by NR duplexing flexibility.
Proposal 1: Advanced receiver based interference cancellation/suppression should be supported for NR duplexing flexibility.

· E-LMMSE-IRC or R-ML receiver can be considered as a starting point.

Proposal 2: Support a symmetric pattern design between DL DMRS and UL DMRS with CP-OFDM.
Proposal 3: The mechanism(s) of interference avoidance and mitigation among DL DMRS, UL DMRS with CP-OFDM, and UL DMRS with DFT-s-OFDM, for example using RE-muting, is/are supported. 
· FFS details of the above mechanism(s)

Proposal 4: For NR duplexing flexibility, DL and UL DMRS can be configured to be orthogonal with each other.
Proposal 5: Resource unit specific RS can be considered for NR duplexing flexibility.
Proposal 6: Strive for timing alignment between DL and UL for NR duplexing flexibility.
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(a) E-LMMSE-IRC                                                           (b) R-ML
Figure A1. Demodulation performance using advanced receivers with different INRs
Table A1. Simulation assumptions

	Parameter 
	Value

	Bandwidth
	10MHz

	Carrier frequency
	4GHz

	Subcarrier space
	15kHz

	Cyclic prefix
	Normal

	Antenna configuration
	2*4 ULA low correlation

	Propagation channel
	TDL-C 300ns

	Channel estimation
	Wiener for Figure 1; Ideal for Figure A1

	Number of OFDM symbol for control region
	2

	Number of PRBs of PDSCH
	6

	Transmission scheme
	Spatial multiplexing

	Rank
	1

	HARQ
	Disable

	MCS
	16QAM 1/2

	Number of interference layer
	1

	Interference-to-noise ratio (INR)
	0dB/10dB/20dB

	Modulation of interference
	QPSK


Table A2. Simulated patterns

	
	Symmetric design
(FDM)
	Symmetric design
(CDM)
	Asymmetric design
(muted)
	Non orthogonal

	DL DMRS
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	UL DMRS
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