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1	Introduction
The Work Item on Cross-Link Interference management was adopted in RAN [1]. The objectives of the work are:
The work item should specify cross-link interference mitigation techniques to support flexible resource adaptation. Furthermore, it also specifies remote-interference management techniques. 

The detailed objectives for cross-link interference mitigation to support flexible resource adaptation for unpaired NR cells are: 
· Specify cross-link interference measurements at a UE (e.g., CLI-RSSI and/or CLI-RSRP) [RAN1, RAN4] 
· Identify when cross-link interference mitigation techniques based on such measurement(s) provide benefits with practical RF performance [RAN4]
· Specify network coordination mechanism(s) including at least exchange of intended DL/UL configuration [RAN1, RAN3]
· Perform coexistence study to identify conditions of coexistence among different operators in adjacent channels [RAN4]
· Target no or very minimal impact on RF requirement

Note: The objectives for remote-interference management will be updated once study on RIM is completed. 
Note: Measurement and coordination mechanisms can be applicable to IAB nodes. 

This document presents proposals on the co-existence study among different operators in adjacent channels.
2	Discussion
2.1	General
So far in RAN4, synchronized operation with aligned TDD configurations have been assumed for each TDD band, and RF performance requirements have been derived from coexistence studies targeting such operating mode. This mitigates interference across operators; the unwanted emissions (e.g. ACLR) and finite receiver selectivity (e.g. ACS and blocking) can be managed through network planning. Since typically operators deploy base stations at the same sites, adjacent channel interference issues are minimized.
In dynamic TDD, operators may use different TDD configurations within a single band, and potentially do not have the same frame timing. A base station transmitting DL may cause interference to another base station receiving UL on the adjacent channel. Similarly, a UE transmitting UL can interfere with a nearby UE receiving DL on the adjacent channel. Since the adjacent channel operator TDD configuration may change, the interference environment may be unpredictable.
2.2	Base station to base station interference (DL-to-UL)
For most operating bands on FR1, the base station ACLR requirement is 45 dB and the ACS requirement around 43 dB, for a combined ACIR of roughly 41 dB. The test conditions allow up to 6 dB of receiver desense. The minimum coupling loss between base stations of different classes based on current RAN4 RF performance requirements are shown in Table 1:
Table 1: Base station minimum coupling loss for 20 MHz channel bandwidth (6 dB desense)
	Base station class
	Wide Area
	Medium Range
	Local Area

	Conducted TX power
	46 dBm (NOTE)
	38 dBm
	24 dBm

	REFSENS
	-95.3 dBm
	-90.3 dBm
	-87.3 dBm

	REFSENS +6dB
	-89.3 dBm
	-84.3 dBm
	-81.3 dBm

	ACIR
	41 dB
	41 dB
	41 dB

	Max adjacent channel power
	-48.3 dBm
	-43.3 dBm
	-40.3 dBm

	Minimum Coupling Loss
	94.3 dB
	81.3 dB
	64.3 dB

	NOTE: There is no upper limit for Wide Area base station output power, this analysis is based on 46 dBm conducted power.



[bookmark: _GoBack]Co-location: Typically, FR1 co-location requirements assume 30 dB antenna isolation (between the antenna connectors). For macro layer co-location, more than 64 dB of isolation is missing. No co-location solution is feasible with any base station class using the existing RAN4 minimum requirements on FR1. For co-location, the ACIR values that would be required for 6 dB receiver desense are 105.3 dB, 92.3 dB, and 75.3 dB for Wide Area, Medium Range, and Local Area base station respectively. Further, the actual receiver desense should be significantly smaller than 6 dB in order to maintain the cell coverage area, indicating higher ACIR or isolation needs.
Observation 1: Current RAN4 minimum RF requirements do not guarantee dynamic TDD base station co-location on FR1.
Co-existence: The ECC Report 281 [2] shows study results on adjacent channel co-existence of unsynchronized macro deployments at 3.4 to 3.8 GHz frequency range. Two network geometries were studied: hexagonal grid with 500 meter inter-site distance, with one of the networks shifted by 70 meters or 288 meters. The results indicate that around 75 to 85 dB ACIR would be required to keep UL throughput loss at a low level (0 to 10%).
Observation 2: Current RAN4 minimum RF requirements do not guarantee dynamic TDD co-existence in macro deployments on FR1.
Based on the observations, a possible solution for dynamic TDD are Local Area base stations, possibly deployed indoors. Indoor deployment may allow sufficient isolation to the macro layer due to path and wall penetration losses. Due to the lower output power of a small base station compared to macro, if the small base station does not suffer from significant adjacent channel interference, it should also not generate significant interference to the macro base stations. Indoor co-existence between different networks may also be easier both due to smaller required MCL, and due to higher expected UL margins as the UEs are typically close.
Observation 3: Current RAN4 minimum RF requirements may be sufficient to facilitate dynamic TDD adjacent channel co-existence in indoor deployment on FR1 (macro/indoor and indoor/indoor). 
On FR2, the higher propagation losses and beamforming aspects may reduce the likelihood of interference. Closely located base stations could have sufficient MCL if the antenna panels are arranged in a careful manner. The feasible deployment scenarios may be different in FR2 compared to FR1.
Based on the above observations on BS-to-BS interference issues, we propose the following to progress the dynamic TDD work:
Proposal 1: RAN4 shall study dynamic TDD scenarios which may facilitate sufficient BS-to-BS adjacent channel co-existence.
Proposal 2: The following BS-to-BS scenarios are studied with priority:
a) FR1 outdoor wide area BS co-existence with indoor local area BS
b) FR1 co-existence between indoor local area BSs
c) FR2 co-existence between outdoor (wide area and/or medium range) BSs that are co-located or closely located
Studies on other scenarios are not precluded and results may be presented in RAN4.
2.2	UE to UE interference (UL-to-DL)
For frequency ranges above 3.3 GHz on FR1, the NR UE ACLR requirement is 30 dB and the ACS requirement 33 dB, for a combined ACIR of roughly 28 dB. The minimum coupling loss between UEs based on current RAN4 RF performance requirements are shown in Table 2, for 6 dB receiver desense:
Table 2: UE minimum coupling loss for 20 MHz channel bandwidth (6 dB desense)
	UE power class
	3

	Conducted TX power
	23 dBm (NOTE1)

	REFSENS
	-95.8 dBm (NOTE2)

	REFSENS +6dB
	-89.8 dBm

	ACIR
	28 dB (NOTE3)

	Max adjacent channel power
	-61.8 dBm

	Minimum Coupling Loss
	84.8 dB

	NOTE1:	Output power will be affected by the modulation and resource allocation.
NOTE2:	Sensitivity depends on operating band and channel bandwidth.
NOTE3:	ACLR (and therefore ACIR) will be affected by the aggressor UE output power and resource allocation.



It can be noted that in the worst case, a large MCL is required to guarantee interference free operation between the adjacent channel UEs. However in typical cases, the adjacent channel unwanted emissions are significantly lower, as they depend on uplink resource configuration and output power. In many practical scenarios, it is likely that receiver selectivity and blocking performance dominate as the interference mechanism.
Observation 4: Current RAN4 minimum RF requirements do not guarantee UE-to-UE adjacent channel co-existence with dynamic TDD on FR1.
On FR2, the likelihood of UE-to-UE interference maybe reduced compared to FR1, because of the higher propagation losses and potential UE TX beamforming.
While the UE-to-UE co-existence is not expected to be a major issue in dynamic TDD, at least compared to BS-to-BS co-existence, we think that scenarios which have high probability of such UE interference should be studied. The same scenarios outlined in Proposal 2 should also be evaluated from UE perspective. Based on this discussion, we propose the following:
Proposal 3: RAN4 shall study dynamic TDD scenarios which may facilitate sufficient UE-to-UE adjacent channel co-existence. UE co-existence is evaluated in the same scenarios as outlined in Proposal 2 to give better understanding of dynamic TDD system performance.
2.3	Co-existence evaluation scenarios
To minimize the study and simulation work, existing scenarios from e.g. HetNet and LAA/NR-U studies should be re-used as much as possible.
Considering the indoor scenario, NR-U defines an office layout [3]. This is similar as the small cell enhancements study scenario #3 [4] but with two operators. It is also similar to the indoor office layout presented in TR 38.901 [5] but has the two operators already included in the layout.
[image: cid:image001.png@01D3E3E6.8A8631F0]
Figure 1: Indoor sub7 simulation office layout (from [3])
The MCL analysis indicates that some distance between the adjacent channel base stations is required. The distances 
b and d should result in a reasonable DL-to-UL interference level compared to UL sensitivity. The number of base stations could be lower if e.g. 3.5 GHz frequency is assumed, as the propagation losses are not as high as at 5 GHz. Also other details could be left for companies to determine, as different input parameters could result in different findings which may not be evident otherwise.
This scenario presents a reasonable BS-to-BS co-existence setup. Also UE-to-UE interference is present.
Proposal 4: Re-use the NR-U indoor scenario in dynamic TDD adjacent channel co-existence study. This model applies to Proposal 2b (FR1 co-existence between indoor local area BSs).
Considering difficult UE-to-UE co-existence cases, the small cell enhancements study scenario #2b [4] could provide a reasonable starting point. 
[image: ]
Figure 2: Small cell deployment scenario #2b (from [4])
In the scenario, there is a macro cell (outdoor) on frequency F1 and small cells (indoor) on frequency F2. Assuming F1 and F2 are adjacent channels and belong to different operators, the scenario can be used to evaluate both BS-to-BS interference (i.e. under which conditions the small cells may operate under different TDD configuration than the macro) and UE-to-UE interference. Of course, there is no coordination between the networks of the two operators, unlike in the figure which assumes a single operator.
If the UEs are deployed indoors, the ones connected to the outdoor macro will likely have high transmit output power (causing interference to other UEs) and also be more susceptible to interference due to DL operation near sensitivity level.
Proposal 5: Re-use the small cell deployment scenario #2b in dynamic TDD adjacent channel co-existence study. This model applies to Proposal 2a (FR1 outdoor wide area BS co-existence with indoor local area BS).
Outdoor Urban Micro – street canyon model in TR 38.901 [5] may be used to evaluate the FR2 co-existence or co-location of outdoor base stations. Some modifications may be needed as the FR2 BS co-location with dynamic TDD may not be guaranteed with current RAN4 minimum RF requirements.
Proposal 6: Re-use the Urban Micro – street canyon model in TR 38.901 in dynamic TDD adjacent channel co-existence study with required modifications. This model applies to Proposal 2c (FR2 co-existence between outdoor (wide area and/or medium range) BSs that are co-located or closely located).
The target of the WI is not to introduce new RF requirements (or at least minimize the impact) to facilitate dynamic TDD. Hence from RAN4 RF requirements perspective, dynamic TDD may be rather transparent. However, as discussed in this document, the minimum RF performance does not guarantee co-location or co-existence when dynamic TDD is used. Without proper documentation of the study evaluation results, the feasible deployments when dynamic TDD may be used is not clear to the operators. Therefore, the evaluation results and potential guidelines for practical deployments should be documented in a Technical Report, preferably 38.9xx series.
Proposal 7: Include evaluation results in a new Technical Report (38.9xx series).
3	Conclusion
In this document, we have illustrated the potential issues in dynamic TDD between adjacent channel operators, and pointed out the large minimum coupling losses required for interference-free operation.
The following observations were made:
Observation 1: Current RAN4 minimum RF requirements do not guarantee dynamic TDD base station co-location on FR1.
Observation 2: Current RAN4 minimum RF requirements do not guarantee dynamic TDD co-existence in macro deployments on FR1.
Observation 3: Current RAN4 minimum RF requirements may be sufficient to facilitate dynamic TDD adjacent channel co-existence in indoor deployment on FR1 (macro/indoor and indoor/indoor). 
Observation 4: Current RAN4 minimum RF requirements do not guarantee UE-to-UE adjacent channel co-existence with dynamic TDD on FR1.
To progress the dynamic TDD work, we propose the following:
Proposal 1: RAN4 shall study dynamic TDD scenarios which may facilitate sufficient BS-to-BS adjacent channel co-existence.
Proposal 2: The following BS-to-BS scenarios are studied with priority:
a) FR1 outdoor wide area BS co-existence with indoor local area BS
b) FR1 co-existence between indoor local area BSs
c) FR2 co-existence between outdoor (wide area and/or medium range) BSs that are co-located or closely located
Proposal 3: RAN4 shall study dynamic TDD scenarios which may facilitate sufficient UE-to-UE adjacent channel co-existence. UE co-existence is evaluated in the same scenarios as outlined in Proposal 2 to give better understanding of dynamic TDD system performance.
Proposal 4: Re-use the NR-U indoor scenario in dynamic TDD adjacent channel co-existence study. This model applies to Proposal 2b (FR1 co-existence between indoor local area BSs).
Proposal 5: Re-use the small cell deployment scenario #2b in dynamic TDD adjacent channel co-existence study. This model applies to Proposal 2a (FR1 outdoor wide area BS co-existence with indoor local area BS).
Proposal 6: Re-use the Urban Micro – street canyon model in TR 38.901 in dynamic TDD adjacent channel co-existence study with required modifications. This model applies to Proposal 2c (FR2 co-existence between outdoor (wide area and/or medium range) BSs that are co-located or closely located).
Proposal 7: Include evaluation results in a new Technical Report (38.9xx series).
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