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1 Introduction
At the RAN1 #89 meeting, it was agreed that [1]
· Companies are encouraged to provide more details on and to further evaluate enablers for CLI management using an existing RS covering UE-to-UE interference 

· Details for the enablers, including:

· detailed configurations (RS time/frequency positions, periodicity, # of ports, bandwidth, etc.)

· detailed reporting 

· performance metrics

· long-term and/or short-term

· timing offset considerations

· overhead

· whether or not to identify the aggressor(s)

· whether or not to use the same framework as in MIMO (if so, how)

· Aim to make a decision whether or not to support CLI management using an existing RS covering UE-to-UE interference in the next RAN1 meeting and if so, the details

· Companies are encouraged to provide more details on and to further evaluate enablers for CLI management using an existing RS covering TRP-to-TRP interference 

In our companion contribution [2], we discussed details on the CLI measurement procedure, requirements on the RS for CLI measurement and measurement reporting. In this contribution, we focus on discussing the RS transmission location for cross-link interference measurement in NR.  
2 Discussion 
In NR, with large number of antennas, high peak data rate, dense UE deployment and traffics of varies packet sizes, the cross-link interference environment in dynamic TDD is expect to be dynamic. Figure 1 shows the slot by slot variation on the received interference at a TRP in an indoor scenario with (4,4,2,1,1) antenna configuration at the TRP and FTP traffic model 3 with 0.1MB packet size. The interference variation is calculated as the received interference difference between two consecutive slots. It can be observed that interference difference of more than 5 dB counts for 35% of the total observations. Factors such as Tx beamforming/precoding and power control contribute to the interference variation. 
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RS and mechanism shall be defined to enable cross-link interference measurement capturing both BS-BS interference and UE-UE interference in a timely manner. The performance gain by rate adaptation based on short-term cross-link interference measurement has been demonstrated in our contributions [3]-[5]. 
Proposal 1: NR shall define RS and mechanism to enable cross-link interference measurement capturing both BS-BS interference and UE-UE interference in a timely manner 
2.1 Options on RS transmission locations
Requirements on the RS for CLI measurement have been discussed in our companion contribution [2]. To enable the cross-link interference measurement, two options on RS transmission location in a slot can be considered. 
Option 1: DL-RS and UL-RS transmit in separate locations of a slot
In this option, the DL-RS and UL-RS for cross-link interference measurement are transmitted in separate symbols in a slot. A TRP measures the DL-RS from the neighboring TRP on BS-BS interference. A UE measures the UL-RS from the neighboring UEs on UE-UE interference. Energy detection or signal detection can be applied when doing the measurement. When signal detection is applied, the reference sequence transmitted by the neighboring TRP or UE shall be aware by the TRP or UE that conducts measurement. The UE reports the measured UE-UE interference to its serving TRP. The TRP will then adapt the subsequent transmission based on the BS-BS measurement and the UE-UE measurement. Figure 1 shows an exemplary slot structure on this option. Measurement and reporting are conducted in the slot prior to the data transmission on which the measurement and reporting will be applied. A gap is added during each Tx to Rx switch and Rx to Tx switch, e.g., a gap is added when a TRP switches from Tx to Rx to receive DL-RS from the neighboring TRPs, and a gap is added when a UE switches from Tx to Rx to receive UL-RS from the neighboring UEs. Figure 1 illustrates the DL-RS and UL-RS transmissions in slot #n under different combinations on data channel transmission directions in two consecutive slots. The DL-RS and UL-RS transmissions in slot #(n+1) will depend on the data channel transmission direction in slot #(n+2) and are not explicitly plotted. 
To prepare for DL data transmission in slot #(n+1), in slot #n: 
· TRP transmits DL-RS so that neighboring TRPs that have UL transmission scheduled in slot #(n+1) can measure the BS-BS interference

· UEs that are scheduled to receive DL data in slot #(n+1) measure the UL-RS from UEs in neighboring cells, and report the measured cross-link interference level to its serving TRP in PUCCH of slot #n 
To prepare for UL data transmission in slot #(n+1), in slot #n:
· TRP measures DL-RS from the neighboring TRPs that have DL transmission scheduled in slot #(n+1)
· UEs that are scheduled to transmit UL data in slot #(n+1) transmit UL-RS so that UEs in neighboring cells can measure the UE-UE interference if scheduled to have DL data reception in slot #(n+1)
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Figure 1  An example on DL/UL-RS location option 1 (showed in slot #n)
Option 2: DL-RS and UL-RS transmit in aligned location of a slot
In this option, the DL-RS and UL-RS for cross-link interference measurement are transmitted in the same symbol location in a slot. In each slot, a TRP can either transmit DL-RS or perform SINR measurement by measuring the UL-RS from its served UE and the DL-RS from the neighboring TRP. A UE can either transmit UL-RS or perform SINR measurement by measuring the DL-RS from its serving TRP and the UL-RS from the UEs in neighboring cells. Signal detection can be applied when doing the measurement. A TRP or a UE only needs to detect the RS from its scheduled corresponding UE or TRP. No knowledge on the neighboring cells’ RS is needed. Figure 2 shows an exemplary slot structure on this option where the DL-RS and UL-RS are transmitted in symbols in between PDCCH and PDSCH/PUSCH. Measurement and reporting are conducted in the slot prior to the data transmission on which the measurement and reporting will be applied. A gap is added during each Tx to Rx switch and Rx to Tx switch. Figure 2 illustrates the DL-RS and UL-RS transmissions in slot #n under different combinations on data channel transmission directions in the two consecutive slots. The DL-RS and UL-RS transmissions in slot #(n+1) will depend on the data channel transmission direction in slot #(n+2) and are not explicitly plotted. 
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Figure 2 An example on DL/UL-RS location option 2 (showed in slot#n) 
To prepare for DL data transmission in slot #(n+1), in slot #n: 
· TRP transmits DL-RS 
· UE detects the DL-RS from its serving TRP and measures the received SINR. The interference includes the DL-RS transmitted from neighboring TRPs that have DL traffic scheduled in slot #(n+1) and the UL-RS transmitted from UEs in neighboring cells that have UL traffic scheduled in slot #(n+1). UE reports the measured SINR in the PUCCH to its serving TRP in slot #n
To prepare for UL data transmission in slot #(n+1), in slot #n: 
· TRP detects the UL-RS transmitted from its UE that has UL transmission scheduled in slot #(n+1) and measure the received SINR. The interference includes the DL-RS transmitted from neighboring TRPs that have DL traffic scheduled in slot #(n+1) and the UL-RS transmitted from UEs in neighboring cells that have UL traffic scheduled in slot #(n+1)
· UE that are scheduled to transmit UL data in slot #(n+1) transmits UL-RS
Please note that when same-slot resource scheduling, measurement and measurement reporting is needed, an UL feedback on measurement reporting in the front of a slot before PDSCH would be needed as described in our companion contribution [6].  
Comparing options 1 and 2, it can be observed that

· Option 2 has less overhead 
· Option 2 is based on signal detection for SINR measurement without requiring knowledge on the neighboring cells’ RS. Signal detection is expect to have better performance than energy detection 
· Option 2 conducts measurement in the front of a slot so that give UE more time to process the measurement and prepare UCI feedback 
Proposal 2: NR shall have time aligned DL-RS and UL-RS transmission for cross-link interference measurement 
3 Conclusion 

In this contribution, we presented our views on cross-link interference measurement in NR dynamic TDD. Based on the discussion we draw the following observations and proposals:
Proposal 1: NR shall define RS and mechanism to enable cross-link interference measurement capturing both BS-BS interference and UE-UE interference in a timely manner 

Proposal 2: NR shall have time aligned DL-RS and UL-RS transmission for cross-link interference measurement 
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