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Introduction
[bookmark: _Ref129681832]During RAN1#87, the following agreements [1] are achieved on duplexing:
	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 


[bookmark: OLE_LINK3][bookmark: OLE_LINK20]In this contribution, we discuss the necessity of cross-link interference coordination and its enabling schemes for duplexing flexibility.
Discussion
For duplexing flexibility, cross-link interference exists in the case that neighboring cells use different transmission directions on the same or partially-overlapping time-frequency resources. There are two cross-link interference types (TRP-to-TRP, UE-to-UE). Since the transmission power of TRP is large and UEs may be very close to each other, the cross-link interference may be strong and then leads to the performance degradation.
As shown in Figure 1, it can be observed that the received power of a single cross-link interference is of a wide range, and the interference power may be extremely larger than that of wanted signal. Moreover, since the transmission direction on a certain spectrum in each cell can be changed dynamically and the amount of DL traffic may be larger than UL traffic, it makes one UL wanted signal probably interfered by multiple DL interferences and the total cross-link interference could be strong.
To tackle such issue, coordination schemes such as coordinated beamforming/scheduling and power control can be considered to help avoid strong cross-link interference. Moreover, since interference coordination schemes need cross-link interference information and some assistance information is required to be exchanged among TRPs or UEs, additional schemes, e.g. interference measurement, interference sensing and OTA signaling can be investigated to enable the interference coordination schemes and deal with the cross-link interference fluctuation. Certainly, these schemes can be applied to both unpaired and paired spectrum.
[image: ]
Figure 1. CDF of received power for wanted signal and interference
[bookmark: OLE_LINK5]Proposal 1: Cross-link interference coordination needs to be supported for NR duplexing flexibility.

Interference coordination schemes
To facilitate the cross-link mitigation, some interference coordination schemes are identified to combat the cross-link interference by carefully coordinating beams, transmission directions, scheduled resource and transmission power. Simulation results of dense urban scenario [2] are given in table 1, which shows the performance gain by using appropriate beam coordination. It is observed from the simulation results that the beam coordination with appropriate interference measurement/sensing can greatly improve the system performance. Besides, simulation results show that with coordination scheme, the proportion of TRPs or UEs suffering more than 2 strong cross-link interference sources is less than 10%. The remaining strong cross-link interference can be dealt with by interference suppression schemes, which are discussed in our companion contribution [3].
Table 1  Uplink Performance on 4GHz carrier
	Ratio of DL/UL traffic
	Feature
	UL Average UPT (Mbps)
	Gain
	[bookmark: OLE_LINK2]5%-tile
UL UPT
(Mbps)
	gain

	1:1
	Duplexing flexibility -
Semi-static beam
	27.44

	
	6.18

	

	
	Duplexing flexibility -
Dynamic beam
	33.13

	+20.74%
	9.17

	+48.38%

	2:1
	Duplexing flexibility -
Semi-static beam
	27.84

	


	7.48

	

	
	Duplexing flexibility -
Dynamic beam
	34.23

	+22.95%
	9.22

	+23.26%

	4:1
	[bookmark: OLE_LINK18]Duplexing flexibility -
Semi-static beam
	18.75

	
	3.69

	

	
	Duplexing flexibility -
Dynamic beam
	26.66

	+42.19%
	6.48

	+75.61%



In the simulations, the delay assumption used for dynamic beam coordination and schedule coordination is 4 ms, while the delay for semi-static beam coordination is 20ms.
[bookmark: OLE_LINK7]To enable above interference coordination schemes, certain assistance information needs to be exchanged among TRPs, e.g. beams and transmission directions. The ICIC based schemes can be considered as a starting point, where assistance information is exchanged via X2-based backhaul whose latency is on the order of 20ms. However, for duplexing flexibility in NR, the transmission direction is desired to be changed more dynamically, e.g., several ms or several hundred us in order to achieve higher spectrum efficiency and assistance information of larger channel bandwidth. As a consequence, the X2-based ICIC schemes cannot satisfy the dynamic transmission change for NR duplexing flexibility. Some enhanced schemes should be investigated to support more dynamic assistance information exchange. For example, subframe-level exchange, e.g. OTA, can be considered.
[bookmark: OLE_LINK10]Proposal 2: Subframe-level exchange of assistance information among TRPs/cells should be studied.
The interference coordination is a distributed coordination behaviour. So the transmission manner of the assistance information needs to be designed carefully. 
Power control
[bookmark: OLE_LINK11]Power control has been discussed to be one promising mechanism to mitigate the cross-link interference in eIMTA [4]. To mitigate the cross-link interference of NR duplexing flexibility, power control can be one potential method. For the UL power control, the cross-link interference needs to be considered. For example, based on the cross-link interference measurement, the influences of the cross-link interference generated to the neighboring cells can be represented by some cross-link interference specific parameters indicated by gNB. 
[bookmark: OLE_LINK6]Alternatively, based on some instant interference measurement/sensing information, UE could determine its UL transmission power according to the candidates of power control parameters configured by gNB semi-statically or dynamically. It facilitates to efficiently utilize the results of instant interference measurement/sensing and provide more accurate power control.
According to the simulation results of indoor hotspot scenario [5], shown in table 2, it is observed that power control based on the cross-link interference measurement can bring performance gains in duplexing flexibility. 
Besides, with dense urban scenario in [2] except that the number of micro TRPs per macro TRP increases from 3 to 6, it will show that when the ratio of DL/UL traffic is 2:1,  the gain of 5%-tile DL UPT on 30GHz can reach 139% with power control mechanism based on instant sensing.
[bookmark: _Ref465932006]Table 2 5%-tile DL UPT Performance with/without UE-UE interference coordination
	Carrier Frequency
	Radio of DL/UL traffic
	Without coordination (Mbps)
	With coordination (Mbps)
	Gain

	30GHz
	1:1
	75.91
	82.79
	9.06%

	
	2:1
	73.39
	83.80
	14.18%

	
	4:1
	78.62
	83.51
	6.2%



In eIMTA, based on the predefined DL/UL configurations, two different slot sets, i.e., fixed slot set and flexible slot set, are defined to distinguish different types of inter-cell interference, and different parameter sets are predefined for these two slot sets respectively for UL power control. In RAN1#87[1], it has been agreed that NR should support dynamically assigned transmission directions at least for data on a per-slot basis. Obviously, the design of eIMTA power control can’t fulfil the requirements of NR duplexing flexibility, since fast UL/DL switching and more flexibility of slot utilization are required.
[bookmark: OLE_LINK9]Proposal 3: The cross-link interference and per-slot changed transmission directions need to be considered for power control of NR duplexing flexibility.
Cross-link interference measurement and sensing
[bookmark: _GoBack]Due to various deployment scenarios and flexible resource scheduling of NR, flexible interference measurement and sensing mechanisms should be considered to assist centralized/distributed interference coordination schemes to deal with interference fluctuation.
[bookmark: OLE_LINK8][bookmark: OLE_LINK1]For some duplexing flexibility scenarios, strong cross-link interference can be avoided by coordinated beamforming/scheduling, which is based on some large scale interference measurement including RSRP or coupling loss. To identify the cross-link interference, one needs to define sensing signal for interference measurement. For example, in Figure 2, sensing signal transmission from one aggressor UE can be measured by another victim UE. To identify which neighbor cell the cross-link interference comes from, the sensing signals from different cells could be orthogonal. Typically, the sensing signal could reuse a physical reference signal, such as SRS, DMRS, CSI-RS or any other sequences. 
Some resource could be used for interference measurement. Since the cross-link timing alignment is difficult to achieve for all neighboring cells, it is better to assign multiple measurement resources in each cell to obtain accurate measurement results. Further, some reserved/specific measurement resources or slots could be defined to centrally measure inter-UE and/or inter-cell interference and which UEs to measure cross-link interference could be configured.
Proposal 4: Sensing signal based interference measurement needs to be supported for NR duplexing flexibility.
[image: ]
Figure 2. Illustration of sensing signal based UE-to-UE measurement

Measurement mechanisms discussed above are based on pair-specific signal to identify the long-term interference information, which can be used in the coordination to avoid the strong cross-link interference. However, coordination mechanism may be disabled in some scenarios including per-slot dynamic TDD with flash interference fluctuation, inter-operator adjacent channel cross-link interference without coordination. Thus, some advanced sensing and interference mitigation (e.g. avoidance) for unpredictable interference should be designed.
For example, UEs with DL scheduling send specific signal to reveal the interference meanwhile UEs with UL scheduling instantly sense the interference over specific measurement resource as illustrated in Figure 3. One issue is the sensing resource overhead including measurement and potential TX-RX transition gap. Thus, some advanced sensing mechanisms with low overhead should be studied.


     
Figure 3. Illustration of interference sensing on cross link

Proposal 5: Advanced sensing mechanisms handling unpredictable interference condition need to be supported for NR duplexing flexibility.
Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Based on all previous discussions, we have the following proposals:
Proposal 1: Cross-link interference coordination needs to be supported for NR duplexing flexibility.
Proposal 2: Subframe-level exchange of assistance information among TRPs/cells should be studied. 
Proposal 3: The cross-link interference and per-slot changed transmission directions need to be considered for power control of NR duplexing flexibility.
Proposal 4: Sensing signal based interference measurement needs to be supported for NR duplexing flexibility.
Proposal 5: Advanced sensing mechanisms handling unpredictable interference condition need to be supported for NR duplexing flexibility.
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