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1 Introduction

In RAN1#87, the following agreement on dynamic TDD for new ratio (NR) was made [1]: 

Agreements:
· NR should support dynamically assigned DL and UL transmission directions at least for data on a per-slot basis at least in a TDM manner

· FFS control signaling details (e.g. UE or cell-specific, applicable for cross and/or same-slot scheduling, switching between dynamic and semi-static operation, etc.)

· FFS adaptation at the level of a mini-slot

· Other aspects, if any, are not excluded

· Note: the applicability of the above bullets in terms of spectra is a separate discussion

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
· Strive for common cross-link interference mitigation schemes for both paired and unpaired spectrum.
· For further study of measurements of cross link interference (CLI), aim for (if possible) reusing a physical reference signal used for other purposes 
· The need to enable CLI measurement should be taken into account when designing the RS which is also to be used for CLI measurement
· Study metric(s) to be used for CLI measurement, e.g., RSRP
· Physical reference signal used for CLI measurement aim for the same type for DL & UL (e.g. DM-RS type, CSI-RS type, etc.)
· To support CLI measurement, RS of a UE or a TRP aim to be received by another UE or another TRP 
In LTE, eIMTA was employed to support a UL-DL configuration change according to UL/DL traffic situations in a cell to improve the user average packet throughput. On the other hand, in NR, dynamic TDD can be used to improve the user average packet throughput and to achieve low latency requirement by reducing the frame alignment time. In the dynamic TDD, the transmission direction of time resources can be semi-statically or dynamically changed. This contribution considers the aspects of timing alignment between DL (UL) wanted signal and UL (DL) interference to tackle the cross-link interference caused by duplexing flexibility in the dynamic TDD operation.
2 Discussion 

For NR duplexing flexibility, cross-link interference (TRP-to-TRP/UE-to-UE interference) is created in case that neighboring cells employ different transmission directions as shown in Figure 1. When applying the duplexing flexibility on unpaired spectrum, timing misalignment will certainly exist between wanted signals and cross-link interferences due to propagation delay on different links and UL-to-DL switching time which is required for UL-to-DL transition at each RF circuit in transceiver chain. 
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Figure 1. Cross-link interference (TRP-to-TRP/UE-to-UE interference)
2.1 Potential timing misalignment
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 Figure 2. Examples on the timing misalignment   
In this subsection, we discuss the necessity of timing alignment between wanted signals and cross-link interferences in the dynamic TDD system. Figure 2 (a) and (b) show examples on the timing misalignment when doing data reception or interference measurement at a UE and a gNB, respectively. When doing data reception at UE 2, due to propagation delay, the wanted signal would arrive with a time delay of 
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 second from the gNB transmission/reception time, where 
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 and C is the distance between UE2 and gNB2 and the speed of light, respectively. On the other hand, the interference signal from UE1 in the UL transmission direction would arrive at UE2 with a time advance of (
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 is the distance between UE1 and gNB1 and UL-to-DL switching time, respectively. Therefore, the timing offset between the wanted signal and the interference signal is 
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 when the UE1 and UE2 are located in the same position. When doing data reception at gNB1, the interference signal from gNB2 would arrive with a time delay of 
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 second from the gNB signal transmission/reception time. On the other hand, the wanted signal from UE1 transmission would arrive at gNB1 with a time advance of 
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second from the gNB transmission/reception due to the timing advance employed by the UE1 to secure UL-to-DL switching time of gNB1. The timing offset between the wanted signal and interference would cause performance degradation if 
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In equation (1), 
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 is a timing offset created by the distance between UE1 and UE2. 
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are the length of cyclic prefix and the duration of OFDM symbol including FFT and CP durations, respectively. The UL-to-DL/DL-to-UL switching time is implementation dependent and typically of order of 20us which is larger than the cyclic prefix. Therefore, to apply the advanced receiver for the interference cancellation/suppression, the timing misalignment problem should be solved. 
Proposal 1: NR should support the timing alignment between the wanted signal and the cross-link interference. 
2.2 Potential solutions for timing alignment
There could be following alternatives for timing alignment between the wanted signal and the cross-link interference for NR duplexing flexibility: 

· Alt. 1: UL timing advance
· Alt. 2: UL timing regression
· Alt. 3: DL timing advance
· Alt. 4: DL timing regression
· Alt. 5: Combination of Alt. 1 and Alt. 4
· Alt. 6: Combination of Alt. 2 and Alt. 3
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Figure. 3 Potential solutions for timing alignment
In Alt. 1, gNB calculates the additional timing advance (TA) value to be applied in the UE in addition to the conventional TA for intra-cell orthogonality and informs UE that the additional timing advance value should be applied for timing alignment on the cross-link. In this case, by changing the slot configuration we can assign additional GP duration to accommodate the additional timing advance as necessary. To achieve timing alignment using Alt.1 on the DL UE side in dynamic TDD system, the required additional timing advance value (
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(Condition1 or Condition 2) and Condition 3,
Condition 1: 
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Condition 2: 
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Condition 1 or condition 2 means that the arrival difference of the wanted signal and the cross-link interference is within the cyclic prefix duration of the OFDM symbol. Condition 3 indicates that the total of the conventional TA for timing alignment of intra-cell UL UEs and the additional TA for cross-link timing alignment should be smaller than or equal to GP configured in a slot. In Alt. 2, gNB calculates the timing regression value of the UL UE to achieve timing alignment on cross-link and informs UE of the value. We can use Alt. 2 only when the actual DL-to-UL switching time is even shorter than the secured UL-to-DL switching time. Alt.3 can also be used only for the limited situation similarly to Alt.2. In Alt. 4, gNB calculates the timing regression value of DL transmission to achieve timing alignment on cross-link and transmits the DL data with adjusted transmission timing. In these cases, to support the timing adjusting, some OFDM symbol should be punctured to avoid overlapping with next UL OFDM symbol. To achieve timing alignment on the UL gNB side in dynamic TDD system, the required timing regression value (
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) of the neighboring DL gNB should be satisfied following relation:
Condition1 or Condition 2,
Condition 1: 
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In Alt. 5 and 6, gNB calculates the timing advance and timing regression values to achieve timing alignment on cross-link and informs UE of the timing advance and/or timing regression values. In this case, all cells should adjust the transmission timing of UE or gNB which can increase the signaling overhead for informing UE of the timing advance and/or timing regression values. 
When two cells with different transmission directions are synchronized, the calculation of the additional timing advance/regression value required to achieve timing alignment on the UL gNB side is relatively easy because the timing offset is related to TA of the victim UL UE and the propagation delay between two gNBs which can be known to the gNB of victim UL UE in advance. While the calculation of the addition timing advance/regression value required to achieve timing alignment on the DL UE side is relative hard since the timing offset is related to TA of the aggressor UL UE, the propagation delay between the aggressor UL UE and the serving gNB of aggressor UL UE, and the propagation delay between the victim DL UE and the serving gNB of victim DL UE. Therefore, we need to study how to obtain the addition timing advance/regression value on the UE side. 
Proposal 2: NR should consider efficient and effective timing alignment methods for employing advanced interference management schemes. 
3 Conclusions

In this contribution, we discuss some aspects of timing alignment between DL (UL) wanted signal and UL (DL) interference to tackle the cross-link interference caused by duplexing flexibility in the dynamic TDD operation. Based on the analysis, following proposals are made:
Proposal 1: NR should support the timing alignment between the wanted signal and the cross-link interference. 
Proposal 2: NR should consider efficient and effective timing alignment methods for employing advanced interference management schemes. 
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