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Introduction
[bookmark: _Hlk89796625]Study the potential enhancements on dynamic/flexible TDD is one of the objectives for the SI on evolution of NR duplex operation [1]. As the discussion scope division, the potential gNB-to-gNB and UE-to-UE CLI handling schemes that are specific for dynamic/flexible TDD and schemes that are common for both SBFD and dynamic/flexible TDD are to be handled under AI 9.3.3 [2].
For gNB-to-gNB CLI handling schemes, feasibility/potential benefits of gNB-to-gNB co-channel CLI measurement and spatial domain coordination are to be studied, and a set of corresponding agreements were achieved in previous meetings.
	· From RAN1 #110 meeting [3]:
Agreement
Study the feasibility and potential benefits of gNB-to-gNB co-channel CLI measurement for gNB-to-gNB CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD, at least includes:
· Measurement resource configuration
· Measurement details
· Relevant information exchange
· Usage of measurement
Agreement
Study the feasibility and potential benefits of spatial domain coordination method for gNB-to-gNB co-channel CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD, the study at least includes:
· Details for spatial domain coordination 
· Relevant information exchange
Note1: Study can include method for FR1 and FR2

· From RAN1 #110bis-e meeting [4]:
Agreement
For gNB-to-gNB co-channel CLI measurement, the potential benefit of uplink resources muting can be studied further.
Note: Proponents of uplink resource muting are encouraged to provide evaluation result for comparison of performance between two cases when uplink resource muting based gNB-gNB CLI handling schemes including both UE transparent and non-UE transparent schemes is applied or not.
Agreement
For gNB-to-gNB co-channel CLI measurement, consider as baseline reusing existing DL channel(s)/signal(s)/ measurement_resource(s)
· For example, SSB, NZP/ZP-CSI-RS, DMRS for PDCCH/PDSCH, CSI-IM, RSSI measurement resource, etc.
· FFS: Which type of DL channel(s)/signal(s) can be used for gNB-to-gNB co-channel CLI measurement
· FFS: How resources are used/configured
Agreement
For details of spatial domain coordination method for gNB-to-gNB co-channel CLI handling, at least followings can be studied. 
· Recommended/restricted Beams between gNBs
· Beam nulling between gNBs
· Beam pairing between gNBs
· Other schemes are not precluded.

· From RAN1 #111 meeting [5]:
Agreement
For gNB-to-gNB co-channel CLI measurement and/or channel measurement, at least periodic NZP CSI-RS/SSB is the baseline in RAN1 study.
· FFS: Whether SSB is CD-SSB or NCD-SSB
In the study RAN1 assumes that exchange of configuration for NZP CSI-RS /SSB can be an enabler for gNB-to-gNB CLI measurement and/or channel measurement. 
Agreement
For spatial domain coordination, the exchange of beam related information among gNB(s) (e.g., victim gNB(s) and aggressor gNB(s)) can be an enabler for inter-gNB co-channel CLI management.
· For example 1 (from aggressor gNB to victim gNB), DL beam indication from aggressor gNB(s)
· For example 2 (from victim gNB to aggressor gNB), preferred/restricted DL beam and associated resource configuration, beam based inter-gNB co-channel CLI measurement result from victim gNB
· FFS: how to define DL beam indication
· FFS: how to define DL beam
Note: The above examples are only provided as starting point for further discussions

Agreement
For gNB-to-gNB co-channel CLI handling, beam level (i.e., based on measurement result per SSB resource and/or per CSI-RS resource) CLI measurement can be considered for study.

· From RAN1 #112 meeting [6]:
Agreement
For the study of gNB-to-gNB co-channel interference measurement, it is assumed that both CD-SSB and NCD-SSB can be used for gNB-to-gNB CLI measurement.
Agreement
For spatial domain enhancement of gNB-to-gNB co-channel CLI handling, DL Tx beam information of the gNB can be exchanged between gNBs. Reference signal resource ID (e.g., NZP-CSI-RS resource ID, SSB index) can be used as beam information exchange between gNBs.
Agreement
For spatial domain enhancement of gNB-to-gNB CLI handling, study the benefit and the procedure of the information exchange of at least the preferred/non-preferred DL beams of the aggressor gNBs, based on the beam information exchanged between gNBs

· From RAN1 #112bis-e meeting [7]:
Agreement
For the gNB-gNB co-channel CLI measurement, both RSRP and RSSI can be used as measurement metric for evaluation purposes only.

Agreement
For gNB-gNB co-channel CLI measurement and channel measurement, study the impact on system performance because of CLI measurement inaccuracy at victim gNB due to misalignment between UL timing at victim gNB and DL reception timing at victim gNB of CLI measurement resource transmitted from one or more aggressor gNB.
· Including potential impact on UL performance
· Option 1: Only one set of parameters for open loop power control can be reused. 
· Option 2: Separate sets of parameters for open loop power control can be applied with/without CLI.
Agreement
For enhancement of gNB-to-gNB co-channel CLI measurement and/or channel measurement, following options are studied for UL resource muting. 
· Option 1: Transparent UL resource muting method (e.g., avoid the scheduling on measurement resource)
· Option 2: Non-transparent UL resource muting method (e.g., define UL resource muting pattern with one or more RE/RB muting patterns)



[bookmark: OLE_LINK5][bookmark: OLE_LINK8]We have carried out field tests verifying the benefits of gNB-to-gNB co-channel CLI measurement and spatial domain coordination (beam nulling) to deal with the CLI, when different TDD UL/DL configurations are used in co-channel neighbouring cells. This contribution gives introduction for the test, shows the CLI suppression results and UL/DL throughput performance.
Test scenario and gNB-to-gNB CLI handling scheme
In the tested deployment, the neighbouring gNBs are deployed in the same frequency. The aggressor gNB uses DL dominant TDD UL/DL configuration, i.e. DDDSUDDSUU (7D3U within one period), while the victim gNB is configured with UL dominant frame structure, i.e. DSUUUDSUUU (1D3U within one period). As illustrated in figure 1, in slot 2/3/7, the high-power DL transmission from the Macro aggressor gNB interferes the UL transmission sending from the UEs under the victim gNB, which is called gNB-to-gNB inter-cell co-channel interference. In other slots, there is no such interference.
[image: ]
Figure 1 TDD UL/DL configuration for the aggressor/victim gNB and the gNB-to-gNB co-channel interference
The gNB-to-gNB inter-cell co-channel interference handling schemes aim to improve the UL performance of the victim gNB. The gNB-to-gNB interference is handled from victim gNB side and aggressor gNB side in the test. From the victim gNB side, schemes such as slot AMC and IRC receiver are utilized to counter the interference. The aggressor gNB makes beam nulling on the high interfering Tx beam based on the beam level CLI measurement information exchanged between the gNBs. The test is carried out in gymnasium of Xiaoshan District and factory of Lierda Science & Technology Group in Hangzhou, China. The test results are provided in next two sections.
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Figure 2 gNB-to-gNB CLI handling
Test in gymnasium
When indoor gNB is configured with UL dominant frame structure 1D3U to cover the gymnasium of Xiaoshan District, Hangzhou, the UL slot 2/3/7 suffers from DL transmission interference from the Urban Macro gNB configured with 7D3U as shown in figure 1. In the test, light DL load (DLPRB usage<5%), full DL load for UE at point A, point B, point C as in figure 3 (b) are transmitted and tested respectively for different inter gNB interference cases.
[image: ] [image: ]
Figure 3 (a)Deployment of Urban Macro gNB and indoor gNB to cover the gymnasium (b) DL interference generated by the aggressor gNB to serve full load downloading service for UE at point A, point B, point C
The Macro aggressor performs beam nulling in slot 2/3/7, which directly reduces interference to these three slots while having little effect on other time slots. Figure 4 shows the noise plus interference level at victim gNB in slot 7 and slot 4 with aggressor gNB beam nulling performed or not. It is observed from the figure beam nulling can suppress the inter gNB interference up to 15.7dB in Slot 7 which is a high interfered slot. And performing beam nulling has no impact on slot 4 with little interference.
[image: ]
Figure 4 Noise plus interference level at victim gNB in slot 7 and slot 4 w/&w/o beam nulling performed at aggressor gNB
The UL throughput in victim slot at victim gNB w/ and w/o beam nulling performed at aggressor gNB is plotted in figure 5 (a). There is significant increase of the UL throughput in victim slot owing to beam nulling by aggressor gNB. Comparing the test result for different inter gNB interference cases, it is seen the DL traffic load and DL transmission direction has obvious influence on the interference of the victim. Under the light DL load, the DL transmission generates little interference for the UL reception, and the UL throughput improvement by beam nulling is moderate. The interference generated by aggressor gNB for serving UE full load downloading at point C has a significant impact on the victim slot UL reception, and beam nulling at this interference case can significantly suppress the interference and improve the UL throughput.
The DL throughput at aggressor gNB is also observed in figure 5 (b). Beam nulling performed in slot 2/3/7 has impact on the DL throughput of the aggressor gNB. Beam nulling for DL traffic serving UE at point A and point B has almost no impact on the DL throughput. However, the beam nulling for DL traffic serving UE at point C affects the DL throughput, which decreases by about 18.5%. The average decreasing of DL throughput is 5.7%.
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Figure 5 (a) UL throughput in victim slot at victim gNB (Mbps) (b) DL throughput at aggressor gNB (Mbps)
Figure 6 compares the UL throughput w/o interference suppression and w/ interference suppression at victim side and aggressor side. When the frame structure is adjusted to 1D3U in the gymnasium, the UL throughput is decreased instead of rising comparing with the baseline 7D3U structure, due to the strong interference from cluster 1 Macro gNB. When the victim gNB counters interference via slot AMC, IRC, etc., the UL throughput is increased by 24% compared with the baseline and increased by 97% compared with the 1D3U w/o interference handling. When further beam nulling is done by cluster 1, the UL throughput of cluster 2 can be further increased by 28%. The overall increase is 60% compared with the baseline 7D3U case.
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Figure 6 Comparison of UL throughput
Test in factory
The similar test is also carried out with indoor gNB configured with UL dominant frame structure 1D3U in factory of Lierda Science & Technology Group, while the Urban Macro gNB is configured with 7D3U for continuous coverage. Also light DL load (DLPRB usage<5%), full DL load for UE at point A, point B, point C shown in figure 7 (b) are transmitted from Macro gNB and tested respectively as different inter gNB interference cases.
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Figure 7 (a)Deployment of Urban Macro gNB and indoor gNB to cover the factory (b) DL interference generated by the aggressor gNB to serve full load downloading service for UE at point A, point B, point C
The victim slots are UL slot 2/3/7, in which beam nulling is performed by aggressor gNB. Figure 8 shows the noise plus interference level at victim gNB in slot 7 and slot 4 when aggressor gNB beam nulling is performed or not. As shown in the figure, beam nulling can suppress the inter gNB interference up to 16.38dB in Slot 7 and having little effect on slot 4.
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Figure 8 Noise plus interference level at victim gNB in slot 7 and slot 4 w/&w/o beam nulling performed at aggressor gNB
The UL throughput in victim slot at victim gNB w/ and w/o beam nulling performed and DL throughput at aggressor gNB are plotted in figure 9 (a) and (b) respectively. Observation is similar as figure 5 (a) and (b). The interference generated by aggressor gNB for serving UE full load downloading at point A has a significant impact on the victim slot UL reception, in this case beam nulling can suppress the interference and improve the UL throughput effectively. Beam nulling for DL traffic serving UE at point B and point C has almost no impact on the DL throughput. However, the beam nulling for DL traffic serving UE at point A decreases the DL throughput by about 14.5%. The average decreasing of DL throughput is 4.9%.
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Figure 9 (a) UL throughput in victim slot at victim gNB (Mbps) (b) DL throughput at aggressor gNB (Mbps)
Figure 10 compares the UL throughput w/o interference suppression and w/ interference suppression at victim side and aggressor side. The trend is similar as Figure 6. The overall increase is 74% compared with the baseline 7D3U case.
[image: ]
Figure 10 Comparison of UL throughput
Summary and conclusion
[bookmark: _GoBack]Based on the test results shown in section 3 and 4, we have the following observations:
Observation from figure 4 and 8: Beam nulling by aggressor gNB at victim slots can suppress the inter gNB interference larger than 15dB for victim slots and having little effect on other slots.
Observation from figure 5(a), 6, 9(a), 10: When there is serious inter gNB interference, beam nulling can significantly suppress the interference and improve the UL throughput.
Observation from figure 5(b), 9(b): The percentage of the DL throughput decrease caused by beam nulling is much lower than the UL throughput increasing percentage.
Based on the observations, the proposal is:
Proposal: Recommend to specify gNB-to-gNB co-channel CLI measurement and measurement information exchange for spatial domain coordination (beam nulling) to handle gNB-to-gNB CLI for dynamic/flexible TDD and SBFD in the follow up WI.
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