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1 Introduction
In 3GPP RAN1 AH_NR#1, RAN1#87 and RAN#74, several agreements and conclusions were reached on duplexing flexibility as follows.
RAN1 AH_NR#1 Conclusions [2]:

· Companies shall provide the following information in RAN1#88 for analyzing interference mitigation schemes for TRP-to-TRP and/or UE-to-UE cross-link interference

· Gains provided by the considered interference mitigation scheme

· Potential specification impacts (not limited to RAN1) of the considered interference mitigation scheme

RAN1#87 Agreements [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 
Conclusion:
· Rapporteur to come up with a skeleton for duplexing flexibility, e.g., using the following as a start point:

· X.          Duplexing flexibility
· X.1                Duplexing mechanisms
· X.2                Cross-link interference mitigation 
· X.3                Evaluation of duplexing flexibility 

· X.4                Summary and conclusions

RAN#74 Agreements [3]: 
· PHY layer design on flexible duplex of paired spectrum other than a common PHY layer design  between paired and unpaired spectrum 
· Note: It is not precluded to have different configurations between flexible duplex of paired spectrum and flexible duplex of unpaired spectrum
The duplexing flexibility, which could be regarded as flexible cross-link spectrum sharing, is used to improve spectrum utilization and to further improve spectrum efficiency. The duplexing flexibility can also be used to meet the requirement of the latency of URLLC. In general, the duplexing operation involves three scenarios: access link scenario, side link scenario and backhaul link scenario. At the current stage, we think RAN1should focus on the access link scenario and only cross-link issues related to it need to be studied.
The feature of duplexing flexibility can include two aspects: duplexing mechanisms and cross-link interference mitigation. Evaluation of duplexing flexibility also should be studied.
In this paper, we discuss aspects of duplexing flexibility enablers and cross-link interference mitigation briefly. More details will be discussed in our company’s contributions [4] [5] [6], respectively. The aspect of the evaluation of duplexing flexibility is not covered in this paper.
2 Duplexing flexibility enablers
2.1 Design principles of NR for duplexing flexibility

Duplexing flexibility is a basic characteristic of NR and should follow the related design principles of NR. In this section, several key aspects will be briefly discussed and some basic design principles will also be provided.
· Duplexing operation manner
It was concluded that NR should support dynamically assigned DL and UL transmission directions at least for data on a per-slot basis and at least in a time division multiplexing (TDM) manner. To better explore benefits of duplexing flexibility, a more flexible operation scheme should be designed. The following items can be considered during the study of duplexing flexibility.
· Dynamic: Dynamic TDD and semi-static TDD
· Operation object: Data channel part, control channel part, both data and control channel
· Operation granularity: Mini-slot, slot, aggregated multi-slots/subframes
We propose to support the adaptation at the level of a mini-slot, which is beneficial to satisfy URLLC’s requirements of reliability and latency.
· TDM and FDM manner
TDM is the baseline. FDM is also proposed [7]. Considering the adjacent channel leakage ratio (ACLR) issues of FDM, FDM is more suitable for the inter-site scenario. 
· Coordination: Centralized or distributed
· Resource reservation
Some time/frequency resources need to be reserved since we cannot change the transmission direction dynamically. These reserved time/frequency resources would be used for some specific channel/RS transmission, e.g. PBCH, PSS/SSS, DRS, PRACH, etc.
Moreover, the above design principles should be selected and configured flexibly for various scenarios.
· Frame/slot structure
The slot/frame design needs to be suitable for dynamic TDD operation. At least the following aspects should be considered.
· Sensing time interval: It has been concluded that it is necessary to dynamically sense the resource usage of adjacent nodes to better support dynamic TDD. A sensing time interval can be introduced into the new subframe structure for cross-link interference sensing. As illustrated in Figure 1, the first time interval of the aggressor is DL-dominant and the second time interval of the aggressor is DL-only in the NR subframe structure, respectively. However, both of the time intervals of the victim in Figure 1 are UL-dominant in the NR subframe structure. The first and last guards in the DL/UL-dominant structure as shown in the left part of Figure 1 all contain a sensing time interval for sensing, measurement and coordination. Besides, the first guard can also be used for transmitting possible reservation/sensing signal and the last guard can be used for TX/RX switching and unsynchronized scenarios.

· Control channel region: In order to avoiding cross-link interference to the control channel that is possibly sent by neighboring TRPs/UEs, the control channel region can be reserved no matter what the control channel is sent or whether or not it was sent at all. This approach is suitable for the case when the control channel position is fixed. The configuration information of the control channel can inform the neighboring TRPs/UEs by the two-level indication. The first level indicator indicates the control channel existence or not and position and the second level indicator provides the scheduling information.
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 Figure 1: Frame structure in dynamic TDD

· HARQ/Scheduling
A duplexing flexibility system has properties where the DL-UL changing is dynamic and the scheduling/transmutation is opportunistic. So, we need to further investigate more flexible HARQ/scheduling schemes to better adapt to properties such as: two-step scheduling, grant-less scheduling, flexible HARQ timing, etc.
· Cross-link Multiplexing of eMBB and URLLC
Different types of traffic transmitting in the same carrier will bring additional requirements for DL-UL changing related to the cross-link multiplexing of eMBB and URLLC. At present, the study of multiplexing of eMBB and URLLC mainly force on the requirements of the same direction link. So, we propose that the requirements of the cross-link multiplexing of eMBB and URLLC should also be considered.
· Cross-link Timing
For a duplexing flexibility system, TRP and/or UE have to take into account two synchronization requirements that are to sync with self-TRP and to sync with cross-link of inter-TRP. To meet these two synchronization requirements at the same time, some parts of a time slot is sync with self-TRP and other part(s) of the time slot is sync with neighbor TRP, which means there will be multi-TAs (e.g. timing advance values) in one slot/time interval (e.g. the data part of a slot can adjust its timing independently).
· Procedures and related signalling design

To better support duplexing flexibility operation, cross-link interference mitigation, latency reduction, and signalling (e.g. OTA, backhaul, UE capability, etc.), the timing alignment between DL and UL should also be considered since they are basic designs for cross-link management. For further details please refer to company’s contribution [4].
Proposal 1: In order to perform duplexing flexibility effectively, the following design principles of NR aspects should be considered during the study of duplexing flexibility
· Duplexing operation manner
· Frame/slot structure 
· HARQ/Scheduling
· Cross-link Multiplexing of eMBB and URLLC
· Cross-link timing
· Procedures and related signalling design
Proposal 2: A sensing time slot can be defined in a NR subframe/slot structure for duplexing flexibility.
2.2 Measurements and RSs for cross-link interference mitigation

2.2.1 Measurement design
In order to better support the dynamic TDD, the requirements of cross-link interference (CLI) measurement include several aspects and can be categorized as follows:

(1) Functionalities

· To identify aggressor
· To measure the cross-link interference level

· To inquire the CSI/CQI of the interference channel

· To estimate the channel for demodulating the interference signal

· RS/signal of a UE or a TRP with the aim to be received by another UE or another TRP
(2) Metrics

· Statistical measurements: Reference Signal Received Power (RSRP), reference signal strength indicator (RSSI), busy/idle rate of sensing, etc.

· Instant measurements: Channel state information (CSI), channel quality indication (CQI), clear channel assessment (CCA)/sensing, and identify/detect aggressor, etc.

(3) Design principles

· Aim for (if possible) reusing a measurement used for other purposes
· At least [M] TRPs and/or [N] UEs can be accurately measured, FFS the value of M, N

· Statistical Measurements

The statistical measurements are mainly for adjusting DL-UL configuration semi-dynamically.
Traditional RSSI measurement can only be performed on the DL subframe/slot and cannot measure the statistical interference/load of its UL subframe/slot. To measure statistical interference/load of its UL subframe/slot, a new RSSI-UL parameter needs to be introduced. The new RSSI-UL parameter can be defined as a measurement in which a UE is configured to perform RSSI measurement on its UL subframe/slot and report the RSSI-UL to TRP. Then, TRP can use the RSSI-UL to determine whether the subframe/slot is being used for DL by the neighbour cell. Accordingly, some thresholds of RSSI-UL would also need to be introduced. RSRP also faces the same problem and a similar method can be used by introducing e.g. RSRP-UL. In addition, the reference signal (RS) could be used as the measurement reference for RSRP-UL and would also need to be studied.

Another candidate for a new statistical measurement value is the busy rate of channel sensing (Rbusy). If the Rbusy of a slot is high at a certain period, it would indicate that the slot is facing serious interference or high load. Base on the Rbusy measurement, gNB can perform DL-UL changing or adjust the scheduling. Rbusy can be defined as the rate of CCA being busy during the predefined time length and/or at a certain period.
· Instant/instantaneous measurements

Instant measurements are mainly for performing DL-UL changing dynamically.
Sensing/CCA detection

Sensing is mainly used for instant/instantaneous measurement in dynamic TDD. Two types of the measurement can be considered as following.

· Energy detection (ED): It means to measure the instantaneous interference level and is similar to licensed assisted access (LAA) listen-before-talk (LBT). For high frequency, some new schemes/rules need to be carefully studied.

· Signal detection: It can detect the channel/RS or signal of the other nodes. Compared with the energy detection, the signal detection can obtain more information (e.g. identify aggressor), which can be used to perform TDD operation more flexible.
The energy sensing and signal detection can be used in combination as well. For example, if TRP/UE senses the channel busy using the method of the energy detection, then it can further detect the channel/RS or signal to identify aggressor(s) using the method of the signal detection. 

CSI/CQI
In legacy LTE systems, interference measurement is performed by configuring periodic interference measurement resource (IMR) with zero power channel state information reference signal (ZP CSI-RS) pattern for interference measurement resources.  Two subframe sets are supported considering different interference conditions under enhanced interference mitigation and traffic adaptation (eIMTA).  Considering dynamic TDD in NR, it is expected that interference is likely to be more fluctuating and unpredictable.  Together with multi-beam operation, the interference could come from different beams in different duplex directions.  Therefore, more dynamic interference measurement should be considered to cope with such dynamic interference situations.  Aperiodic IMR should be considered to allow dynamic triggering of interference measurement. Moreover, soft HARQ with CQI adjustment can be considered for self-contained CSI reporting so that the network knows the interference situation experienced in the current data transmission. 
In addition, only the same link is considered in traditional multi-point coordination mechanisms. Therefore, only the same link CSI/CQI is measured and reported. For duplexing flexibility, the cross-link is the objective rather than the same link. Therefore, how to better measure and feedback the cross-link CSI/CQI needs to be studied.
2.2.2 RS design
The reference signal (RS) design for duplexing flexibility should meet requirements of cross-link measurements mentioned above. To reduce the complexity of standardization, the RS for duplexing flexibility will aim for (if possible) reusing a physical reference signal used for other purposes, which was concluded in RAN1#87.

· Normal RSs
Compared with the other purposes, the key special requirement is that the RS of a UE or a TRP is aimed to be received by another UE or another TRP. In order to be accurately measured, some mechanisms for cross link coordination need to be considered (e.g. cross-link symmetric design, cross-link transceiver timing coordination, cross-link muting/blanking, carry ID information for interference identification etc). 

At least the following RS mechanisms should be considered:
· Cross-link CSI measurement: Sounding reference signal (SRS) for inter-UE, CSI-RS for inter-TRP, preamble RS

· Cross-link RRM measurement: CSI-RS for inter-TRP, SRS for inter-UE

· Cross-link demodulation RS: DL/UL demodulation reference signal (DMRS)
· Additional measurement signal(s)
In addition to the above RSs, some additional measurement signal(s) may need to be introduced. The aggressors or victims can transmit the measurement/sensing signal(s) for identifying the cross-link interference level and interference source. The TRP/UE can utilize the received measurement/sensing signal(s) to obtain the neighbouring TRPs/UEs interference matrix for beamforming coordination or resource assignments. The measurement/sensing signal(s) can be transmitted semi-statically/dynamically, or before/amid data transmission. Therefore, further study is needed to determine whether or not to introduce additional measurement signal(s) and how to design it.
Proposal 3: Measurements and RS design should be considered during the study of duplexing flexibility.
2.3 Example of typical procedures for duplexing flexibility operation
· Dynamic TDD operation - Opportunistic resource assignment

Dynamic TDD operation can be used in intra-operator scenarios when the UL/DL traffic is changing dynamically, such as in a hotspot. The following is a typical procedure using the mechanism of opportunistic resource assignment based sensing scheme.  
Opportunistic resource assignment can be based on the results of sensing. Two candidate methods can be considered as following.

Method 1: If strong DL-UL interference is detected, the data will not be transmitted on the scheduled TTI/subframe. Two options can be selected as following and the choice can further be indicated explicitly or implicitly.

· Alt 1: The grant of the data will be given up;
· Alt 2: The data can be transmitted on the subsequent TTI/subframe.

Method 2: If strong DL-UL interference is detected, the scheduling of the data will be adjusted, such as reducing power, adjusting MCS, changing carrier, and so on. Two options can be use to adjust the scheduling as following.
· Alt 1: To prepare multiple grants. One is a primary grant and the other is a secondary grant. If strong DL-to-UL interference is detected, the primary grant will be given up and the secondary grant will come into effect;
· Alt 2: To prepare only one grant. If strong DL-UL interference is detected, most of the scheduling information is preserved and only partial information (e.g. related to reducing power, adjusting MCS, changing carrier) will be updated by the 2-step scheduling.
From the above discussion, we can see that from the resource assignment of the dynamic TDD it is natural to have opportunistic characteristics. The opportunistic resource assignment mechanism can provide an efficient way to use time resources through flexible and opportunity behaviors, by reducing or avoiding cross-link interference based on DL-UL interference sensing.
· Semi-static TDD Operation

The semi-static TDD operation can be used when slow wave interference does not need fast processing. So this method is more suitable for when the UL/DL traffic is changing semi-statically or can't be quickly coordinated, such as in a macro-cell with large coverage or in an inter-operator scenario. 
Case 1: Macro-cell with large coverage

There are a large number of UEs under a macro-cell and so the fluctuation of the cell specific DL/UL traffic is slow. Traditional TDD network deployment is a static TDD model, which cannot meet the requirements of the slow unstable DL/UL traffic. Obviously, the semi-dynamically TDD with semi-dynamic fluctuation of the DL-UL interference is suitable for this. To perform the semi-dynamically TDD more effectively, the key point is to accurately sense the DL-UL interference and adjust the DL/UL adaptively. Taking into account the trade-off between overhead and measurement accuracy, it is sufficient to meet the demand based on RRM (e.g. large scale) measurement because the fluctuation of the DL-UL interference created by the semi-dynamically TDD is slow. A simple way of addressing case 1 is the following.
· UE can be configured to perform RSSI measurement in the UL subframe/slot and report the RSSI to gNB (RSSI-UL);
· If the RSSI-UL exceeds a predefined threshold, which means it can get the decision that the subframe/slot is used as DL by neighbour cell;
· Then, the serving cell can adjust the scheduling on the subframe or change UL to DL.
· Otherwise, the RSSI-UL did not exceed the predefined threshold and there is no need to adjust the scheduling on the subframe or change UL to DL.
Furthermore, some semi-dynamic coordinating mechanisms can be used between cells.

Case 2: Inter-operator co-existence
The issue of inter-operator co-existence is similar to the macro-cell scenario. The method of RSSI-UL measurement mentioned above can also be used for inter-operator coexistence. The difference is that only distributed mechanisms could be used. It is difficult to perform mechanisms requiring tight coordination in this scenario.
3 Cross-link interference mitigation
Duplexing flexibility is a mechanism in which most of the time/frequency resources can be dynamically (dynamic TDD) or semi-statically (semi-static TDD) allocated for DL or UL depending on the traffic demand. It can be expected that the duplexing flexibility has the ability to provide the most efficient usage of time/frequency resources. However, the duplexing flexibility will also create severe co-existence issues between nodes of intra-operator and/or inter-operator due to the strong DL-UL cross-link interference as shown in Figure 1.
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Figure 1: Cross-link interference in dynamic TDD
3.1 Deployment scenarios and cross-link interference analysis
· Adjacent channel and co-channel interference 
From the perspective of adjacent channel and co-channel, the interference can be classified as the following two kinds:
· Adjacent channel interference: It can be called the adjacent channel leakage interference. The issues from the adjacent channel interference of inter-operator scenarios have been deeply discussed in the TDD-SDL (supplemental downlink) topic in Rel-12. Because it is not easy to coordinate between operators, these mechanisms that do not require coordination or only require a little coordination need to be considered. For the intra-operator scenario, the close coordination and rapid information exchange can be assumed. So, some more flexible coordination mechanisms can be designed to support and exploit the capability of the duplexing flexibility.

· Co-channel interference: For licensed spectrum, the co-channel interference only appears in the intra-operator scenarios. Meanwhile, the co-channel interference will appear in both intra-operator and inter-operator scenarios for unlicensed carrier and shared spectrum. The co-channel interference is a major problem to use the duplexing flexibility.
· Same-operator/cross-operator

As mentioned above, the cells in which cross-link interference occurs may belong to the same operator or different operators. For the cross-operator scenarios, it is difficult to eliminate cross-link interference if we are relying on sufficient information exchange and coordination between cells, which means we can only consider the mechanisms that do not require any coordination or only require simple coordination. However, for the same operator scenarios, most mechanisms including with/without coordination or with little/close coordination can be considered. Considering that the same operator scenarios are more common we should give priority to them.
· Dynamic and semi-static fluctuation interference

From the perspective of the frequency of the DL-UL interference fluctuations, the interference can be classified as the following two kinds:

Dynamic fluctuation interference: The dynamic fluctuation interference is led by dynamically DL-UL changing. So the method of dynamically DL-UL changing can only be used in intra-operator scenarios with the UL/DL traffic changing dynamically, such as hotspot. In intra-operator scenarios, the dynamic fluctuation interference can be reduced or avoided by the close coordination and/or rapid information exchange.

Semi-static fluctuation interference: The semi-static TDD leads Semi-static fluctuation interference. The semi-static TDD operation with slow wave interference does not need fast processing. So this method is more suitable for the scenario of the UL/DL traffic changing semi-static or the scenario that can't be quickly coordinated, such as macro-cell with large coverage, inter-operator. 
· Co-existence and/or multiplexing issues between different types of traffic with different numerologies
Different types of traffic transmitting in the same carrier will bring additional requirements of DL-UL changing, especially for cross-link multiplexing of eMBB and URLLC. For instance, assuming a downlink eMBB packed is being transmitted, if an uplink URLLC packet arrives, the serving cell has to change DL to UL for transmitting the UL URLLC packet immediately since URLLC has the highest priority. Meanwhile, if there is an eMBB transmission in the downlink of the neighbour cell and it has a strong interference to the target cell, the eMBB transmission also needs to be adjusted to ensure the reliable transmission of the UL URLLC packet arrival. Therefore, this type of DL/UL changing will impact both the service cell and the neighbour cell at the same time and should be studied carefully.
· Asynchronous / Synchronous network
The duplexing flexibility could be performed in an asynchronous or synchronous network. For asynchronous network, there will still be cross-link interference between two UEs/TRPs even if the transmission directions of them in a certain time (with respect to their timing) are aligned. For instance, assuming that TRP1 and TRP2 are async and the timing of TRP1 is ahead of TRP2, the DL signal in subframe n+1 sent by TRP1 will interfere with the UL signal in subframe n sent by TRP2. In synchronous network scenarios, the cross-link interference only occurs within a slot/subframe. While, in asynchronous network scenarios, the cross-link interference will occur both within a slot/subframe and within the cross slot(s)/subframe(s). Considering the complexity of standardization, we should first focus on the cross-link interference problem in the synchronous network scenarios. Common solutions can also be applied to the asynchronous network scenarios.
· Low/High power node and Het-Net
High power node (e.g. macro cells) is mainly used to guarantee coverage and mobility and its downlink transmission power is generally higher. Low power node (e.g. small cell) is mainly used in hot spots or to fill the coverage holes, hence its downlink transmission power is lower. Correspondingly, the uplink transmission powers of UEs that belong to different node types are usually not on the same level. Therefore, the characters of cross-link interference are very different between macro cell-macro cell, macro cell-small cell, and small cell-small cell. The study of cross-link interference in duplexing flexibility should include all of the above scenarios with co-channel or adjacent channel.
Proposal 4: The following deployment scenarios should be considered during the study of duplexing flexibility:

· Adjacent channel and co-channel interference

· Same-operator/cross-operator

· Dynamic and semi-static fluctuation interference

· Co-existence and/or multiplexing issues between different types of traffic with different numerologies
· Asynchronous / Synchronous network

· Low/High power node and heterogeneous network (Het-Net) 
3.2  Cross-link interference mitigation Schemes
3.2.1 Interference avoidance sensing based schemes
· Sensing based
The duplexing flexibility can be seen as cross-link spectrum sharing which leads to a random cross-link resource conflict. It is well known that sensing/LBT-like based mechanisms have been studied in-depth and are widely used in spectrum sharing scenarios (e.g. Wi-Fi, LAA, etc). So, we can naturally assume that we can also use some type of sensing based mechanism to reduce the probability of cross-link resource conflict in the scenario of performing the duplexing flexibility. 
In the proposed DL-UL cross-link interference sensing based mechanism, either the TRP or UE is required to sense on the co-channel and/or adjacent channel to see if there is any DL-UL cross-link interference by energy detection and/or signal detection. To sense the cross-link interference well, a time slot for sensing should be introduced in the new subframe for NR. UE/TRP can perform the DL-UL interference sensing in the time slot dynamically. The sensing procedure includes energy detection and/or signal detection, which is similar to LAA-LBT. The time slot length can be related to quality of service (QoS) or priority of the traffic. The higher priority traffic is with the shorter time slot compared with low priority traffic. 
Moreover, the sensing based schemes can also be used in conjunction with other methods (e.g. power control, advanced receiver, etc). More details refer to companion contribution [6][4] and
.
3.2.2 Interference coordination schemes

· Cross-link Coordinated Beamforming (CL-CBF)
Beamforming coordination can be utilized to relieve TRP-to-TRP interference and UE-to-UE interference. In this case, it can be named as cross-link coordinated beamforming (CL-CBF). The TRP or UE can use CL-CBF to suppress the cross-link interference from/to adjacent TRPs or UEs. For example, the beam of the uplink transmission in the UE should avoid directing to an adjacent UE which is receiving the downlink transmission at the same time and vice versa. In order to achieve the above target, the TRP or UE needs to identify the aggressors and get the interference/channel matrixes of them, which means that how to measure and coordinate between TRPs and UEs for CL-CBF is very important.
· Power control
Power control has been deeply studied and applied in many cases. The legacy schemes of power control are used for the same link scenarios. However, for cross-link scenarios, if strong cross-link interference is sensed, the scheduling of the data can be adjusted to reduce the transmission power. Therefore, a flexible power control scheme should be considered to reduce the interference between UE-to-UE and TRP-to-TRP since dynamic TDD in NR will face more changeable cross-link interference.
3.2.3 Interference cancellation/suppression advanced receiver schemes
· Advanced receiver and non-orthogonal transmitter
The duplexing can also be seen as cross-link superposition transmission which is similar to the non-orthogonal multiple access (MA). As the non-orthogonal multiple access, the issue of cross-link interference can be solved from two aspects of receiver and transmitter. For receiver, some advanced receivers can be used, e.g. successive interference cancellation (SIC)-like mechanism, minimum mean square error interference rejection combining (MMSE-IRC), and so on. For better solving the issues, the transmitter should also be enhanced at the same time, i.e. to introduce some enhanced non-orthogonal transmitters (e.g. multiple users shared access (MUSA), sparse code multiple access (SCMA), multiuser superposition transmission (MUST), etc). The study of advanced receiver and non-orthogonal transmitter should belong to the topic of non-orthogonal MA. Therefore, we propose that the requirements of duplexing flexibility should be considered when non-orthogonal MA is studied. At present, the discussion of the advanced receiver and non-orthogonal transmitter for duplexing flexibility should be with lower priority. We can wait for the results of the non-orthogonal MA for further enhancements of the receiver and transmitter for duplexing flexibility.
Proposal 5:  The following cross-link interference mitigation mechanisms should be considered during the study of duplexing flexibility:
· Sensing based

· Cross-link Coordinated Beamforming (CL-CBF)

· Power control

· Advanced receiver and non-orthogonal transmitter
4 General views about the standardization of duplexing flexibility
The feature of duplexing flexibility includes two aspects that are duplexing flexibility enablers and cross-link interference mitigation schemes. Many mechanisms to enable duplexing flexibility were proposed in last several meetings. Due to the limitation of time and the complexity of standardization, only a few of the duplexing flexibility enablers and cross-link interference mitigation schemes which are basic and/or simple should be specified in Rel-15. Most of the other duplexing flexibility enablers and cross-link interference mitigation schemes should be assigned lower priority and could be further studied and specified in Rel-16/17.
In RAN#74, a consensus was reached that the PHY layer design on flexible duplex of paired spectrum other than a common PHY layer design between paired and unpaired spectrum, which only mechanisms for TDD operation in unpaired spectrum will be studied in Rel-15. These mechanisms can also be used for TDD operation in paired spectrum, which belongs to implementation issues. The issues of regulation and co-existence should also be considered when the TDD operation is performed in paired spectrum.
The following duplexing flexibility enablers and cross-link interference mitigation schemes should be specified with high priority in Rel-15.
· Common PHY layer design between paired and unpaired spectrum as follows:
· Common slot/frame structure

· Common channel and reference signal (RS)
· Common Schedule/HARQ timing

· General procedure of dynamic TDD operation (e.g. subframe/scheduling/HARQ)
· Basic measurements and procedures for cross-link interference (CLI)
· RS design for CLI
· A few simple interference mitigation schemes (e.g. sensing based scheme, power control, link adaptation)
· Cross-link coordinated beamforming (CL-CBF), including the basic procedures and related measurements, also including some other aspects of forward compatibility for CL-CBF enhancements.
· Co-existence with LTE [8]
· Some aspects for forward compatibility (e.g. cross-link multiplexing of eMBB and uRLLC)
The other duplexing flexibility enablers and cross-link interference mitigation schemes could be further studied and specified in Rel-16/17.
· Cross-link coordinated beamforming (CL-CBF) enhancements 
· Advanced receiver and non-orthogonal transmitter for cross-link interference
· Frequency division multiplexing (FDM) 
· The requirements when mechanisms for TDD operation in unpaired spectrum are used for TDD operation in paired spectrum [RAN4]. 
· E.g. Both DL and UL carrier of FDD system can be seen as a TDD carrier and is able to reuse schemes of dynamic TDD operation directly, which requires that a UE is also able to aggregate at least two TDD carriers and has two UL transmitters.
· FFS: To study specific schemes for TDD operation to be performed in paired spectrum
· Further enhanced mechanisms
5 Conclusion 
In this contribution, we discussed aspects of duplexing mechanisms and cross-link interference mitigation briefly. Based on the analysis, we provide the following proposals.
Proposal 1: In order to perform duplexing flexibility effectively, the following design principles of NR aspects should be considered during the study of duplexing flexibility

· Duplexing operation manner
· Frame/slot structure 
· HARQ/Scheduling
· Cross-link Multiplexing of eMBB and URLLC
· Cross-link timing
· Procedures and related signalling design
Proposal 2: A sensing time slot should be defined in a NR subframe/slot structure for duplexing flexibility.
Proposal 3: Measurements and RS design should be considered during the study of duplexing flexibility.
 Proposal 4: The following deployment scenarios should be considered during the study of duplexing flexibility:

· Adjacent channel and co-channel interference

· Same operator-/cross-operator

· Dynamic and semi-static fluctuation interference

· Co-existence and/or multiplexing issues between different types of traffic with different numerologies
· Asynchronous / Synchronous network

· Low/High power node and heterogeneous network (Het-Net) 
Proposal 5:  The following cross-link interference mitigation mechanisms should be considered during the study of duplexing flexibility:

· Sensing based

· Cross-link Coordinated Beamforming (CL-CBF)

· Power control

· Advanced receiver and non-orthogonal transmitter
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