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1
Introduction
In RAN1 NR Ad-hoc #2, the following agreements have been made on cross-link interference management [1]
Agreements:

· For CLI management, support UE-to-UE interference measurement and reporting without the introduction of new RS(s)
Agreements:

· For UE-to-UE interference, support CLI measurement metrics which include at least one of

· RSRP for the purpose of CLI

· FFS the definition (e.g., based on SRS, DM-RS, etc.) and the corresponding reporting

· RSSI for the purpose of CLI

· FFS the definition (e.g., resources for the measurement) and the corresponding reporting

· For UE-to-UE interference, FFS additionally support CQI/CSI as the CLI measurement metrics and if so, its definition/reporting

In this contribution, we have proposed cross-link interference management scheme based on TDD slot coordination which is more practical without big specification impact in Release 15. To achieve the coordination gain, CLI measurement principle and backhaul operations are provided. 

2
Basic frameworks for backhaul Xn based TDD coordination 
In line with the quoted RAN1 agreements, we suggest having basic Xn backhaul procedures in place that facilitate operation as indicated in Fig. 1. Meaning that there shall be Xn procedures defined to facilitate that the radio frame configurations (i.e. downlink/uplink switching pattern) could be fully aligned between neighboring gNBs (especially relevant for macro cellular scenarios below 6 GHz). The individual gNBs shall be able to monitor the performance per cell, and in particularly detect if there is a benefit from changing the radio frame configuration (downlink/uplink switching pattern) to better match the offered traffic conditions. 
When a gNB first detects a benefit for changing its radio frame configuration, it enters a negotiation phase with its neighbouring gNBs, essentially coordinating (estimating) if modifying the radio frame configuration of one gNB can be tolerated by the neighbouring gNBs. When the system is operated in the mode where not all gNBs have the same radio frame configuration (i.e. cross link interference is present), the gNBs shall be able to monitor if the cross-link interference become too high, i.e. causing problems that jeopardize the performance. This type of monitoring could be based on both gNB measurements, as well as measurements collected from UEs. If detected that cell performance on a gNB suffer from cross-link interference problems, there needs to be Xn procedures in place to accommodate efficient recovery mechanisms, where neighboring gNBs resolve such problems by modifying their radio frame configuration in a coordinated manner.

To reduce overall cross-link interference level in the system, clustering of gNBs can be considered as part of the negotiation process for a common determination of the used radio frame pattern configuration inside the cluster. gNB clustering can still offer enough flexibility and it ensures fully aligned radio frame pattern configuration without cross-link interference between gNBs of the same cluster. gNB candidates eligible to form a cluster could be based on metrics as similar DL/UL traffic characteristics. For clustering, gNBs should support the exchange of traffic conditions (e.g. scheduler-buffer-sizes in DL and UL) with neighbor gNBs and to coordinate on a common frame configuration. Allowing gNBs to organize in clusters shifts the cross-link interference problem towards the cluster edges where further enhanced schemes can deal with the mitigation. When clustering is not feasible, the negotiation phase is conducted on individual gNB level.
For scenarios where cross-link interference is tolerable (i.e. for advanced small cell scenarios where cross-link interference is fully mitigated by use of advanced gNB and UE receivers), the gNBs shall naturally be allowed to operate in fully dynamic TDD mode, where each individual gNB decide on its own how to configure each slot (i.e. downlink-only, uplink-only, or bi-directional) without prior coordination with neighboring gNBs.
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Figure 1: Simple illustration of modes of operation for backhaul-based (Xn) TDD coordination.
Given those considerations, the following basic proposals are put forward:

Proposal 1: It shall be possible for one gNB to inform a neighboring gNB of the radio frame configuration that it is using for its cells. 
· The radio frame configuration includes the duplexing types of individual slots in the radio frame, i.e. 
· Fixed slot (downlink or uplink) or flexible slots.
Proposal 2: It shall be possible for gNBs to recover from high cross-link interference by modifying their radio frame configuration in a coordinated manner. Detailed procedure is FFS.

Proposal 3: gNBs should be able to exchange measurements to facilitate detecting if cross-link interference is starting to cause problems. Details of Xn-based measurement exchange procedures and definitions are FFS.

Proposal 4: gNBs should be able to build clusters in a coordinated way in which the gNBs commonly decide for the frame configuration that is to be used by the cluster. Detailed procedure is FFS.
Proposal 5: RAN1 send LS to RAN3 to share the status on the agreed backhaul signalling required for cross-link interference management, and to be referred for Xn related work
3.
Enhanced schemes for mitigating cross-link interference
Until the previous meeting, we have proposed enhanced schemes for mitigating cross-link interference based on coordinated scheduling and advanced receiver [2]
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 \* MERGEFORMAT [3]. Though we have observed the clear gain from the schemes, and the interference cancellation was truly essential to improve the performance with macro or micro environment, there are still some concerns on the feasibility of developing all the specification in Release-15.
In [4], we have studied few dynamic TDD schemes like the Hybrid scheme and spectral efficiency based Traffic Scheme and provide comparative evaluation of their performance benefits when deployed with and without advanced interference cancellation techniques that require inter-cell co-ordination. The Traffic scheme provides per-slot fast adaptation to varying traffic demands. In case of the Hybrid scheme, the accuracy of the semi-static frame level TDD configuration requires good estimate of the offered traffic. From the evaluation, we can have the following observations. At low loads, because of smaller occurrence of cross link interference, dynamic TDD can provide good gains even without IC. As the load increases, the occurrence of cross link interference should either be limited (e.g., using the Hybrid scheme) or good IC schemes should be in place to obtain the performance gains. Therefore, enhanced schemes (e.g. interference cancellation, beam coordination) should be introduced for higher flexibility and spectral efficiency at the next release. Though, the centralized architectures are widely considered to be implemented, and it is possible to carry out interference cancellation without Xn-based operation by using centralized scheduler. Though the centralized deployment cannot cover all the deployment scenarios, we can consider first implementation based optimization instead of specifying details at the initial phase of NR deployment. 
In addition, there is still further investigation is required to see the exact impact of coordinated scheduling, because NR physical layer structure is not finalized yet. And the evaluations have been performed with LTE-like approximation. Thus, to have better specification, such enhancement can be discussed separately after completion of first NR specification.

Observation 1: Enhanced schemes for mitigating cross-link interference have not been fully investigated with exact physical layer structure of NR, and it is required to be studied further after completion of initial specification.
Proposal 6: RAN1 should prioritize the TDD frame coordination based on the long-term interference measurement, and consider further enhancement at the next release. 

4
Cross-link interference measurement frameworks
4.1 TRP-to-TRP CLI measurement framework
Based on the discussion in section 2, we have investigated the measurement frameworks on cross-link interference. 
There have been discussed on the frame work for measuring cross-link interference during previous RAN1 meetings, and we have proposed the following principles. There are two categories of measurement in terms of measurement period, long-term and short-term measurement. The long-term measurement can be used for controlling the average level of interference while short term measurement can be used for coordinated scheduling. On the TRP-to-TRP interference, the long-term measurement can be performed without coordination based on the prior knowledge and some implementation based scheme. Though the short-term measurement could provide more accurate control of the interference, the specification impact should be investigated with respect to the performance gain.

Observation 2: Long-term TRP-to-TRP interference can be measured by implementation without specification impact, and the specification impact and real gain of the short-term measurement should be investigated.

Proposal 7: Implementation-based TRP-to-TRP measurement should be solely supported in Release-15 without RAN1 specification impact.

4.2 UE-to-UE CLI measurement framework for Rel-15 

There have been discussed on the frame work for measuring UE-to-UE CLI during previous RAN1 meetings. There are two categories of measurement in terms of measurement period, long-term and short-term measurement. The long-term measurement can be used for controlling the average level of interference by coordinated gNBs as discussed in section 2, while short term measurement can be used for enhanced schemes in section 3 (e.g. beam coordination, advanced receiver). 

From the agreements in RAN1 NR Ad-hoc #2, NR will reuse existing RS for UE-to-UE measurement to simplify the system design. In this contribution, two options can be considered:

Option 1: DL users blindly detect the neighbour cell’s UL users’ DM-RS transmission. If the received CLI power is larger than a threshold, such measurements will be reported by the DL cell’s UEs to its serving cell, which then correlates that with the scheduled UL UE in the neighboring cell.
Option 2: Firstly, all the DL users measure the aggregate received power of SRS from all neighboring cells and identify the victim UEs. Next, aggressive UE for specific victim UE is identified and the CLI channel information is also reported to its serving cell.

For UE-to-UE measurement, DM-RS has the following advantages: 

(1) DM-RS is reflecting real interference. The beamforming/precoding of DM-RS is the same with data. 

(2) DM-RS sequence is derived cell-specifically. 

(3) DM-RS is transmitted this time in the scheduled BWs of the aggressor UE, and hence this is the interference needed by the victim UE. Average level of interference can be voluntarily measured by UE w/wo data demodulation. 

UE can be configured with CLI measurement using DM-RS, and new report hypothesis should be defined to indicate the rise of the interference to request interference coordination. 

Observation 3: DMRS-based UE-to-UE interference measurement is possible to be applicable for long-term UE-to-UE CLI measurement, and it doesn’t impact on both transmission and reception 

Proposal 8: DMRS-based measurement should be prioritized in Release-15 for UE-to-UE interference, and define new report hypothesis to mitigate the higher CLI. 

4.3 UE-to-UE CLI measurement framework for further enhancement
DMRS-based UE-to-UE interference measurement has a limitation to measure potential interference from aggressive UL users not transmitting data for long time. In order to measure the CLI from these users, SRS-based CLI measurement can be possible option to be considered. 
The key point of SRS-based UE-to-UE CLI measurement framework is the sounding/measurement configuration design. With the constraint of signalling overhead and measurement resource cost, we will maximize the number of successful measurements, ensuring that every DL user must have the opportunity to measure CLI sounding signal from every potential interfering UL users of neighboring cells.

Two-step SRS-based UE-to-UE CLI measurement framework that make full use of measurement resources and reduce the system overhead. The first step of measurement (static measurement) designs a periodical sounding/measurement pattern for all cells in the cluster. Potential aggressive UL UEs in the same cell could be configured with the same resources for transmitting the reference signal associated with CLI measurement. At the same time, the sounding transmission form UEs of two different cells could not share the resource. Each gNB should further select a sub-band in frequency domain or a code sequence in code sequence domain. 

The pattern design will maximize the number of successful measurements at the minimal sounding/measurement resource, ensuring that every user must have the opportunity to measure CLI sounding signal from every potential interfering UL users of neighbouring cells. The sounding/measurement pattern is depended on the cell number N in the cluster. In order to maximize the number of successful measurements at each sounding/measurement resource, the optimal scheme is that in each opportunity, set half of the cells in the cluster transmitting the sounding signal while the other cells receiving the sounding signal. The choice of cells transmitting or receiving sounding signal for each sounding/measurement opportunity will be present in the appendix, which ensures that every user must have the opportunity to measure CLI sounding signal from every potential interfering UL users of neighbouring cells in one period.

After periodic sounding/measurement between each DL user and UL users in the neighbouring cells, the victim UE could be identified if the aggregate received power from all the neighbouring cells is higher than a threshold.

From the first step of measurement results, the victim user could also identify which cell contains dominant aggressive UE. Then we start the second step of measurement (dynamic measurement) only for victim UE and subset of potential aggressive UEs. 

In this step, potential aggressive UL UEs in the same cell could not share the resource. Every potential aggressive UL UE must select a sub-band in frequency domain or a code sequence in code sequence domain. In this step, aggressive UE for specific victim UE could be identified and the CLI channel information has also be obtained.

Observation 4: SRS-based UE-to-UE measurement has benefit of measuring the CLI from UL users without scheduling data which is useful to support enhanced coordination schemes. 

Proposal 9: NR should consider two-step SRS-based CLI measurement schemes for further enhancement of CLI management schemes at the next release. 
5
Timing alignment 

As described in [5], the symbol level timing alignment between DL and UL data is essential to enable e.g. cross-link orthogonal reference signals and usage of advanced receivers. In LTE, TA-offset has been specified for TDD with the length of 624Ts (around 20µs), which is based on the minimum requirement of UL-to-DL switching time. However, the requirement is required to be updated to support smaller slot lengths in NR, 3GPP RAN4 has agreed to reduce the required time for this purpose, and according to the frequency range, different requirements have been defined. Based on RAN4 agreement, for frequencies below 6 GHz, UE transient period for NR is 10 µsec, and for frequencies above 24 GHz, UE transient period for NR is 5 µsec [6]. Though there is a still an open discussion on BS requirement, we can simply discuss based on UE’s requirement first. 
Table 1 shows the timing misalignments with respect to symbol length according to subcarrier spacing and carrier frequencies considering cell deployment scenario. The maximum timing misalignment can be calculated by 
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where TAmax is the maximum timing advance considering cell radius. TAoffset is a function of the subcarrier spacing and the switching time, the amount of timing misalignment observed are different in each case. For example, with 15kHz subcarrier spacing, since the symbol length is large, TAoffset (308 samples) is relatively small, and timing misalignment is also small (14~16% of one symbol) comprising negligible performance loss. If symbol size is small (e.g. 120kHz subcarrier spacing), the level of timing misalignment is relatively large, and reach to more than half symbol. This can make a serious impact to the performance of the advanced receiver. Thus, at least for such severe case, additional specification support is required to minimize performance degradation.
Table 1, Maximum timing misalignment for various subcarrier spacing and deployment scenarios (2K FFT).
	Carrier frequency
	Subcarrier spacing (kHz)
	TAoffset(samples)
	Maximum timing misalignment/symbol length

	
	
	
	ISD 20m
	ISD 200m
	ISD 500m

	Below 6GHz
	15
	308
	0.14
	0.15
	0.16

	
	30
	615
	0.28
	0.3
	0.33

	
	60
	1229
	0.56
	0.6
	0.65

	Above 24GHz
	60
	615
	0.28
	0.32
	0.37

	
	120
	1229
	0.56
	0.64
	0.74


To support DL-UL symbol-level timing alignment, we have proposed to introduce timing gap between DL control and DL data region[5], as shown in Figure 2. According to the deployment scenario, if the level of timing misalignment is high, the additional gap might provide the better opportunity to fully exploit advanced receiver’s benefit.
Based on the proposal, the required gap is calculated as 
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The required gap is, for example, 0.35~0.44 symbol for 60kHz subcarrier spacing in below 6GHz and 0.26~0.44 symbol for 120kHz subcarrier spacing in above 24GHz respectively. So, we can simply consider some predefined values like quarter symbol, a third symbol or a half symbol of gap for TRP’s configuration. 
A new advanced slot format should be defined for inserting the gap. There are two types of DL slots, DL only and bi-directional DL slots. In case of DL only slot, because of the gap, the last symbol in a slot cannot be used for transmission. With bi-directional DL slot, the gap can be inserted by reducing the length of GP length. Since the gap is mostly considered with small cell, GP is relatively larger than propagation delay if gap is required. With the such case, it is possible to share GP with gap without loss of the performance. However, in case of large cell, additional GP symbol should be considered for mitigating the impact from reduction of GP. 
[image: image4.emf]
Figure 2. Extended NR slot structure with additional gap between DL control and data in order to support symbol alignment in cross-link
The length of the additional gap is possible to be defined as cell specific parameter, and it can be signalled through RRC configuration, broadcast messages. For simplicity, regardless of existence of UL slots in adjacent cells, it is better to be used as cell common configuration as semi-static manner. The actual length of the additional gap may be defined in terms of samples.

Proposal 10: NR should support TRP could configure addition gap between DL control and DL data symbol to support symbol-level timing alignment of DL and UL data. Study the efficient signaling (e.g. PBCH, RRC signaling)

6
Conclusion
In this contribution, we made the following proposals and observation on cross-link interference management. 
Proposal 1: It shall be possible for one gNB to inform a neighboring gNB of the radio frame configuration that it is using for its cells. 
· The radio frame configuration includes the duplexing types of individual slots in the radio frame, i.e. 
· Fixed slot (downlink or uplink) or flexible slots.
Proposal 2: It shall be possible for gNBs to recover from high cross-link interference by modifying their radio frame configuration in a coordinated manner. Detailed procedure is FFS.

Proposal 3: gNBs should be able to exchange measurements to facilitate detecting if cross-link interference is starting to cause problems. Details of Xn-based measurement exchange procedures and definitions are FFS.

Proposal 4: gNBs should be able to build clusters in a coordinated way in which the gNBs commonly decide for the frame configuration that is to be used by the cluster. Detailed procedure is FFS.

Proposal 5: RAN1 send LS to RAN3 to share the status on the agreed backhaul signalling required for cross-link interference management, and to be referred for Xn related work

Observation 1: Enhanced schemes for mitigating cross-link interference have not been fully investigated with exact physical layer structure of NR, and it is required to be studied further after completion of initial specification.

Proposal 6: RAN1 should prioritize the TDD frame coordination based on the long-term interference measurement, and consider further enhancement at the next release. 

Observation 2: Long-term TRP-to-TRP interference can be measured by implementation without specification impact, and the specification impact and real gain of the short-term measurement should be investigated.

Proposal 7: Implementation-based TRP-to-TRP measurement should be solely supported in Release-15 without RAN1 specification impact.

Observation 3: DMRS-based UE-to-UE interference measurement is possible to be applicable for long-term UE-to-UE CLI measurement, and it doesn’t impact on both transmission and reception 

Proposal 8: DMRS-based measurement should be prioritized in Release-15 for UE-to-UE interference, and define new report hypothesis to mitigate the higher CLI. 

Observation 4: SRS-based UE-to-UE measurement has benefit of measuring the CLI from UL users without scheduling data which is useful to support enhanced coordination schemes. 

Proposal 9: NR should consider two-step SRS-based CLI measurement schemes for further enhancement of CLI management schemes at the next release.
Proposal 10: NR should support TRP could configure addition gap between DL control and DL data symbol to support symbol-level timing alignment of DL and UL data. Study the efficient signaling (e.g. PBCH, RRC signaling)
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