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Introduction
[bookmark: _Ref129681832]During RAN1#86bis, the following conclusion [1] was achieved on duplexing:
	Conclusion:
· Continue study considering some or all of the following aspects:
· Deployment scenarios/bands, same-/cross-operator considerations
· Resource assignments and rate adaptations
· Frame structure and HARQ/scheduling timing
· Measurements for cross-link interference management
· Signalling (e.g., OTA, backhaul, UE capability, etc.)
· Cross-link interference management (IC/IS, power control, etc.)
· Centralized vs. distributed interference/resource management
· Beamforming/MIMO
· Duplex modes (e.g., FDD/TDD, FDM/TDM, etc.)
· Latency reduction
· Whether or not LTE interference/resource management can be used as a starting point (as applicable)
· Sensing
· RS design
· Advanced receiver
· Timing alignment between DL and UL 


In this contribution, we discuss the necessity and basic idea of timing alignment between DL and UL for cross-link interference mitigation in flexible duplex.
Discussion
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]For flexible duplex, cross-link interference exists in cases that neighboring cells use different transmission directions on the same time-frequency resource. On unpaired spectrum or either part of paired spectrums, since a UL-to-DL switching time is needed when UL-to-DL switching is carried on at RF circuit, there will be a timing offset from UL to DL. In general, the duration of this timing offset is typically longer than the CP length and shorter than the symbol length. Besides, the propagation delay on cross-link may also cause impactful timing offset. As a result, timing misalignment will inevitably exist on cross-link, i.e. between UL and DL, as illustrated in Fig.1.
Observation 1: There exists timing misalignment on cross-link i.e. between DL and UL. 


(a)
[image: ]
(b)
[bookmark: _Ref457851938]Figure 1: Illustration of timing misalignment on cross-link
Timing alignment on cross-link
The timing misalignment on cross-link results in the misalignment of the wanted signal and the interference signal, that is, interference misalignment. Moreover, the duration of this timing offset (e.g. about 20.3us in LTE) is much longer than the CP length, which leads to inaccurate interference measurement and ineffective interference mitigation with advanced receiver. If the cross-link timing alignment is applied, timing misalignment can be kept within CP duration, thus more accurate cross-link interference measurement can be realized. Besides, for advanced receivers, such timing alignment allows using a same FFT operation and matrix operation, so more robust cross-link interference cancellation and lower complexity can be achieved. According to the results in Figure 2, it is observed that the performance of advanced receiver degrades in a large scale when the timing offset is larger than CP length. While keeping timing misalignment within CP duration, the performance can be acceptable. The simulation assumptions are listed in Table 1 which is placed in the appendix.
[image: ]
Figure 2: Demodulation performance using advanced receiver for interference cancelation
Observation 2: When deploying flexible duplex on both paired and unpaired spectrum, cross-link timing alignment at least enables
· More accurate cross-link measurement
· More robust cross-link interference cancellation using advanced receiver
· Lower cross-link interference cancellation complexity
For NR flexible duplex, cross-link interference mitigation (CIM) schemes are useful to extend the possible deployment scenarios in which flexible duplex can be applied. To facilitate CIM, both accurate interference measurement and robust interference cancellation ability of advanced receiver are necessary [2]. So the timing alignment between DL and UL needs to be studied.
Proposal 1: Strive for timing alignment between DL and UL in NR flexible duplex.
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 timing between DL and UL of neighbor cells. Some blank resource or different numerology configuration may be needed to support this additional timing offset, as shown in Figure 3 and 4.


Figure 3: Example 1 of timing alignment on cross-link



Figure 4: Example 2 of timing alignment 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, some simplified mechanisms can be studied to achieve the non-perfect cross-link timing alignment within CP duration. 
Proposal 2: Additional TX or/and RX timing offset can be introduced to support timing alignment between DL and UL.
Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, we discuss the necessity and basic idea of timing alignment between DL and UL for cross-link interference mitigation in flexible duplex.  Following observations are given:
Observation 1: There exists timing misalignment on cross-link i.e. between DL and UL. 
Observation 2: When deploying flexible duplex on both paired and unpaired spectrum, cross-link timing alignment at least enables
· More accurate cross-link measurement
· More robust cross-link interference cancellation using advanced receiver
· Lower cross-link interference cancellation complexity
Based on above observations, following proposals are given:
Proposal 1: Strive for timing alignment between DL and UL in NR flexible duplex.
Proposal 2: Additional TX or/and RX timing offset can be introduced to support timing alignment between DL and UL.
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Appendix
Table 1. Simulation assumptions
	Parameter 
	Value

	Bandwidth
	10MHz

	Carrier frequency
	4GHz

	Subcarrier space
	15kHz

	Frame structure
	FDD

	Cyclic prefix
	Normal (4.7 us)

	Antenna configuration
	2*2 ULA low correlation

	Propagation channel
	TDL-C 300ns

	Number of OFDM symbol for control region
	2

	Number of PRBs of PDSCH
	24

	Transmission scheme
	Spatial multiplexing

	Rank
	1

	HARQ
	Disable

	MCS
	16QAM 1/2

	Receiver
	E-LMMSE-IRC

	Victim
	UL

	Interference
	DL

	Number of interference signal
	1

	Modulation of interference
	16QAM

	Interference-to-noise ratio
	30dB
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