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Introduction
In RAN1#89 meeting, the following agreements were related to cross-link interference (CLI) management [1]:
	Agreements:
· 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 RAN1#90 meeting, it was agreed that TRP-to-TRP measurement is not specified at least in NR Rel-15, and following agreements related to UE-to-UE CLI measurement and reporting were achieved [2]:
	Agreement:
· TRP-to-TRP measurement is not specified in NR Rel-15 (i.e., left to NW implementation)

Agreements:
· UE-to-UE interference measurement and reporting can be configured to be ON or OFF semi-statically and UE-specifically
· Note: there may or may not be an explicit ON/OFF indicator; in the latter case, it can be implicitly derived by other parameters (if any)

Agreements:
· Definitions of metrics for CLI:
· SRS-RSRP:
· Linear average of the power contributions of the SRS to be measured over the configured resource elements within the considered measurement frequency bandwidth in the time resources in the configured measurement occasions
· RSSI:
· The linear average of the total received power observed only in certain OFDM symbols of measurement time resource(s), in the measurement bandwidth, over the configured resource elements for measurement by the UE
· For SRS-RSRP based UE-UE CLI measurement  
· At least SRS can be used for UE-UE CLI measurement
· The specification should provide a mechanism for the network to configure at least a same SRS sequence for one or more UEs transmitting SRS
· Note: This intends to support cell-level, UE-group-level, and UE-level interference differentiation 
· UE can be configured with one or more SRS resource(s) (including time-frequency resource(s), sequence(s), cyclic shift(s), periodicity, etc) to measure UE-UE CLI interference. 
· FFS details, e.g. configuration signaling, measurement triggering mechanism
· Every SRS resource has to be explicitly configured, i.e. there is no SRS blind acquisition by the UE required.
· FFS the maximum of SRS resources – aim to limit the number of resources to reduce complexity while considering performance aspect
· Mechanism to limit the UE complexity for UE-UE CLI measurement is supported
· FFS details, [e.g. by limiting the number of root sequence of SRS for UE-UE CLI measurement that a UE needs to detect within a certain amount of time, longer periodicity.]
· FFS whether there is spec impact. 
· FFS: The specification should provide a mechanism to avoid potential DL transmission interfering the SRS for UE-UE CLI measurement
· FFS exact details, [e.g. by rate matching the DL transmission around the SRS]
· FFS: Transmission timing advance of SRS for CLI measurement can be different from the transmission timing advance of its PUSCH, e.g D2D channel transmission timing 
· The UE is not required to perform time tracking or time adjustment relative to DL operation in order to perform RSRP measurement
· FFS whether or not to have measurement accuracy relaxation
· For RSSI based UE-UE CLI measurement  
· UE can be configured with a set of resource elements to measure UE-UE CLI interference.
· FFS details, e.g. the set of resource elements can be SRS or DM-RS resource, configuration signaling, measurement triggering mechanism
· FFS whether additional mechanism for SRS transmission is needed for RSSI based UE-UE CLI measurement
· FFS: The specification should provide a mechanism to avoid potential DL transmission in the RSSI measurement resource elements for UE-UE CLI measurement
· FFS exact details, e.g. by rate matching the DL transmission around the resource elements for RSSI UE-UE CLI measurement
· To conclude whether or not to down-select the above two approaches in the next meeting



In this contribution, we would like to discuss the necessity of supporting dynamic TDD in high-speed train (HST) scenario and also address some issues related to its CLI management from the following perspectives:
· Dynamic TDD for HST scenario
· CLI management
· Relay-to-Relay CLI
· Timing alignment and resource puncturing

Discussion
In the NR, HST scenario is considered as one of the deployment scenarios [3][4], and it focuses on providing continuous coverage along HST tracks using either 4 or 30 GHz frequency band as shown in Figure 1 and Figure 2. For the HST scenario, two communication scenarios are being considered. One is a direct communication between RRHs and UEs carried by onboard passengers, and the other is RRH-relay-UE scenario where a relay node is located on the train to form a two-hop relay communication. In this contribution, we would like to discuss dynamic TDD and CLI management for the RRH-relay-UE scenario as a starting point of the discussion. 
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[bookmark: _Ref490231894]Figure 1 Cell layout for HST (4GHz, non-SFN model)
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[bookmark: _Ref490231899]Figure 2 Cell layout for (30 GHz, non-SFN model)

Dynamic TDD for HST scenario
Although only one relay per train is depicted in Figure 1 and Figure 2 [3][4], from an implementation perspective, multiple relays can be installed on a train and each relay on the train can be viewed as an independent relay user. In this case, if multiple relays deployed on the train uses same frequency band using beam coordination techniques, it is advantageous to increase spectral efficiency. Since each relay on the train have different traffic demand on downlink and uplink, dynamic TDD can be a good solution to further increasing the throughput. For simplicity of explanation, as illustrated in Figure 3, in case two relays are installed on top of the front and rear sides of the train, each relay is able to receive independent downlink data from its corresponding RRH, which can double the spectral efficiency per train. If we further assume that the train consists of 10 carriages, the front-side relay could be configured to cover the first 5 carriages while the last 5 carriages can be covered by the rear-side relay. Similar with other scenarios where users in each cell require different ratio of uplink to downlink data traffic, users in each carriage of the train would also have different data demand for downlink and uplink, which results in different data demand for downlink and uplink from relays perspective. In this regard, dynamic TDD is also necessary for the HST scenario. Similarly, in the case of two trains close to each other (e.g. when two trains pass by each other), dynamic TDD can be also applied.
Observation 1: Dynamic TDD can be applied to the HST scenario.

Cross-link interference management
As mentioned in the previous section, if multiple relays deployed on top of the train communicate with corresponding RRHs with different TDD configurations, CLI (relay-to-relay and TRP-to-TRP) might be an issue in this case. 
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[bookmark: _Ref490214540][bookmark: _Ref490214535]Figure 3 An exmaple of cross-link interference in HST scenario

Cross-link interference measurement
For simplicity, we first assume that two relays are deployed on the train. In this case, the two relays can be spatially separated and communicate with the respective RRHs in the opposite direction. Then, we can simply imagine that TRP-to-TRP CLI received by main lobe of a RRH comes from main lobe of the other RRH which significantly affects uplink performance. For the mitigation of TRP-to-TRP CLI, beam coordination, advanced receiver (e.g. MMSE-IRC) with interference cancellation (IC) can be a good solution. As long as the TRP-to-TRP CLI channel between RRHs can be estimated at the victim RRH and packet of aggressor RRH is shared via X2 interface, the interference signal can be reconstructed and subtracted from the received signal at victim RRH. However, in the last meeting (RAN1#90 [2]), it was agreed that TRP-to-TRP measurement will not be specified in NR Rel-15 (i.e., left to NW implementation), but we think the TRP-to-TRP CLI issues should be revisited in the later release.
Contrary to TRP-to-TRP CLI, if a narrow beam at two relays can be created to point toward the opposite direction, the relay-to-relay CLI transmitted from back lobe of a relay is received by back lobe of the other, which will reduce the interference signal strength. However, if the beam created at each relay is not enough to suppress the CLI, it will still cause significant performance degradation in downlink transmission. So, in this case, beam coordination or advanced receiver should be considered for further interference mitigation. Since RSRP has better accuracy on CLI measurement than RSSI, RSRP-based CLI measurement in this cases where aggressor relay can be easily identified without high complexity, might be beneficial.
Proposal 1: At least RSRP-based CLI measurement needs to be supported as a CLI measurement metric.

Timing alignment and resource puncturing
In the NR, DMRSs of uplink and downlink are designed as common structure in order to support the advanced receivers. However, it is necessary for the timing of the received signal and CLI to be aligned in a symbol level in order to support an efficient CLI measurement/mitigation and advanced receivers. In the case of relay-to-relay CLI, symbol-level timing between the received downlink signal and the relay-to-relay CLI signal needs to be aligned. However, due to the following factors, timing misalignment between the above two signals occurs most of the time.
· Switching time between downlink and uplink
· Different propagation delay and corresponding TA of UE1(relay1) and UE2(relay2)
Therefore, we need to figure out a proper solution to resolving the symbol-level timing misalignment. Especially in some of above-6GHz deployment scenarios like HST scenario, in order to support high mobility of up to 500km/h, numerologies with large subcarrier spacing (e.g. 120kHz and 240kHz) can be configured and corresponding symbol duration is very short, which is highly vulnerable to timing misalignment. In order for the signals to be synchronized in a symbol level, a proper timing adjustment is required. In the case of HST scenario, one simple way is to set the uplink TA (both uplink data and control) of aggressor relay to the TA of sidelink so that the downlink signals of victim relay and the uplink signals of aggressor relay received at the victim relay are aligned in a symbol level.
Proposal 2: In order for the downlink signals of victim UE(relay) and the uplink signals of aggressor UE(relay) received at the victim UE(relay) to be aligned in a symbol level, the uplink TA (both uplink data and control) of the aggressor UE(relay) can be set to the TA of sidelink.
Furthermore, due to the large timing misalignment compared with the symbol length in the HST scenario with large subcarrier spacing, it might be unable to multiplex the uplink DMRS and downlink DMRS in the DMRS symbol in a FDM/CDM manner, and the uplink DMRS of the aggressor relay may collide with the received downlink data symbols (PDSCH) of victim relay as illustrated in Figure 4. So, it is necessary for the NR to support that some of downlink resources of a victim relay overlapping with the uplink DMRS of an aggressor relay need to be punctured as shown in Figure 4. In addition, since the relative speed between two relays are equal to zero, which means that the relay-to-relay CLI channel doesn’t change rapidly in the time domain, there is no need to puncture all the DMRS in the time domain. For example, in time domain only the downlink resources colliding with front-loaded uplink DMRS can be punctured to receive the uplink DMRS from aggressor relay as shown in Figure 4. Therefore, depending on the situation, only certain parts of colliding resources in time domain or/and frequency domain can be punctured instead of puncturing all the downlink resources colliding with the uplink DMRS from aggressor relay, and the exact number of punctured resources can differ depending on the situation, which would be efficient from a resource utilization point of view.
Proposal 3: In the case of relay-to-relay CLI measurement in a numerology with large subcarrier spacing, the downlink data resources (not in the RS symbol) of a victim relay colliding with the uplink reference signals (e.g. DMRS) of an aggressor relay need to be punctured.
Proposal 4: Only certain parts of colliding resources in time domain or frequency domain can be configured to be punctured instead of puncturing all the colliding resources depending on the situation.



[bookmark: _Ref490224965]Figure 4 An example of resource puncturing

Conclusion
This contribution has investigated some issues related to dynamic TDD and CLI management in HST scenario, and made the following observations and proposals.
Observation 1: Dynamic TDD can be applied to the HST scenario.
Proposal 1: At least RSRP-based CLI measurement needs to be supported as a CLI measurement metric.
Proposal 2: In order for the downlink signals of victim UE(relay) and the uplink signals of aggressor UE(relay) received at the victim UE(relay) to be aligned in a symbol level, the uplink TA (both uplink data and control) of the aggressor UE(relay) can be set to the TA of sidelink.
Proposal 3: In the case of relay-to-relay CLI measurement in a numerology with large subcarrier spacing, the downlink data resources (not in the RS symbol) of a victim relay colliding with the uplink reference signals (e.g. DMRS) of an aggressor relay need to be punctured.
Proposal 4: Only certain parts of colliding resources in time domain or frequency domain can be configured to be punctured instead of puncturing all the colliding resources depending on the situation.
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