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Introduction
In RAN1#89 meeting [1], the following agreements were related to cross-link interference (CLI) management.
	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 this contribution, we would like to discuss dynamic TDD and CLI management for high-speed train (HST) scenario from the following perspectives:
· Dynamic TDD for HST scenario
· CLI management
· Relay-to-Relay CLI
· TRP-to-TRP CLI
· Timing alignment and resource puncturing

Discussion
In the NR, HST scenario is considered as one of the deployment scenarios [2][3], 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 of 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 4GHz deployment


[bookmark: _Ref490231899]Figure 2 30GHz deployment

Dynamic TDD for HST scenario
Although only one relay per train is depicted in Figure 1 and Figure 2, multiple relays can be installed on the train and the additional relays on the train can be viewed as independent relay users. Therefore, if multiple relays deployed on the train share same frequency band, it is advantageous to increase spectral efficiency. 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. In this case, 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. In this regard, dynamic TDD is also necessary for the HST scenario.
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

Relay-to-relay cross-link interference
For simplicity, we first assumed 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 the relay-to-relay CLI can be simply suppressed by beam coordination method. Moreover, since a narrow beam at two relays can be created to point toward the opposite direction most of the time, the CLI transmitted from back lobe of a relay is received by back lobe of the other, which will significantly reduce the interference signal strength. Even though it is not sufficient to perfectly eliminate the interference, there are various ways to further reduce. For example, it is possible to physically block the propagation path between two relays.

TRP-to-TRP cross-link interference
Contrary to the relay-to-relay CLI, 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, which is one of the promising techniques for TRP-to-TRP CLI mitigation in the dense urban scenario, might not be a good solution to the HST scenario since almost fixed Tx and Rx beamforming would be used at RRH considering that high-speed movement of the train and the short distance between the RRH and railway track. Instead, interference cancellation (IC) method can be a good alternative. As long as the TRP-to-TRP CLI channel between RRHs can be estimated at the interfered RRH, the interference signal can be reconstructed and subtracted from the received signal. 
For the purpose of the CLI mitigation with IC in HST scenario, the following information is required to be exchanged between RRHs.
· Transmission data
· TDD configuration
· Reference signal pattern
In case both RRHs are connected to the different BBU, the information should be shared via X2 interface.
Proposal 1: For the purpose of CLI management in HST scenario, interference cancellation method should be considered and some information (transmission data, TDD configuration, reference signal pattern and etc.) needs to be exchanged between RRHs.

Timing alignment and resource puncturing
In order to estimate the TRP-to-TRP CLI channel, it is necessary for the RRH in this case to receive downlink reference signals from the interfering RRH in order to estimate the TRP-to-TRP CLI channel. Considering that the downlink reference signals of the interfering RRH may collide with the uplink signals of the relay, some of uplink resources overlapping with the downlink reference signals of the interfering RRH need to be punctured as shown in Figure 4, and the number of punctured resources for receiving reference signals can differ depending on the situation. For example, in the case of HST scenario, since the CLI channel doesn’t change rapidly in the time domain, there is no need to puncture all the resource in time domain for receiving the downlink reference signal from RRH as shown in Figure 4. 
Proposal 2: Some of uplink resources overlapping with the downlink reference signals of the interfering RRH need to be punctured for CLI channel estimation and in some cases there is no need to vacate all the colliding resources.
For the HST scenario, the time durations of OFDM symbol and CP are very small since the subcarrier spacing in this case is typically designed to be large in order to support high-mobility. Therefore, depending on the locations of interfering RRH and serving relay, the signals received from the interfering RRH and the relay may be unsynchronized within a CP of OFDM symbol. In this case, the receiver is unable to decode the desired uplink signal through the IC. In order for the signals to be synchronized, a proper timing adjustment is required. One simple way for HST scenario is to adjust the uplink transmission timing so that the received boundary of the uplink signal is aligned with that of the signal received from the interfering RRH within a CP range as illustrated in Figure 3. Since the distance between adjacent RRHs is fixed, and the propagation delay of the interfering RRH can be estimated by receiving the downlink synchronization signals. 
Observation 2: In order for the downlink signal of interfering RRH and uplink signal of the serving relay to be synchronized, a proper timing adjustment is required.
Proposal 3: For TRP-to-TRP CLI management in HST scenario, we propose an uplink transmission timing adjustment which aligns the received boundary of the uplink signal with received boundary of the signal received from the interfering RRH within a CP.



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

Conclusion
[bookmark: _GoBack]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.
Observation 2: In order for the downlink signal of interfering RRH and uplink signal of the serving relay to be synchronized, a proper timing adjustment is required.
Proposal 1: For the purpose of CLI management in HST scenario, interference cancellation method should be considered and some information (transmission data, TDD configuration, reference signal pattern and etc.) needs to be exchanged between RRHs.
Proposal 2: Some of uplink resources overlapping with the downlink reference signals of the interfering RRH need to be punctured for CLI channel estimation and in some cases there is no need to vacate all the colliding resources.
Proposal 3: For TRP-to-TRP CLI management in HST scenario, we propose an uplink transmission timing adjustment which aligns the received boundary of the uplink signal with received boundary of the signal received from the interfering RRH within a CP.
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