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1. Introduction
In NR design for TDD operation in unpaired spectrum, dynamic allocation of resources for DL or UL direction (dynamic TDD) is being studied. Dynamic TDD provides the network with the flexibility to react to variation of the downlink to uplink traffic load ratio over time and across cells, thereby providing an opportunity for improvement in latency and user-perceived throughput.
However, an important challenge to take into consideration for dynamic TDD design is the management of cross-link interference. A cell that transmits in the downlink direction may cause BS-to-BS interference at a neighbour cell that adopts uplink operation in the same slot. Similarly, the UE from the cell with uplink direction of operation may cause UE-to-UE interference at the receiving UE in the downlink cell. Without techniques to manage or mitigate such cross-link interference, the system performance could be adversely impacted. 
The following agreement has been reached in RAN1 #89 meeting [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 this contribution, we provide details on enablers for CLI management using existing RS covering both UE-to-UE and TRP-to-TRP interference.
2. Common framework for long-term and short-term CLI management
Any framework for CLI management, whether short-term or long-term, needs to provision for sounding opportunities where a subset of UE’s/TRP’s are configured to send RS and another set to do measurements and send back reports. The difference between short-term and long-term is that while in the former sounding needs to take place not too long before actual direction conversion takes place (otherwise CLI measurements such as beam directions become outdated), in the latter timelines are more relaxed (in order of seconds). As such, it is possible to aggregate sounding opportunities for long-term CLI management in the form of a special sounding slot. On the other hand, it is desirable to unify the sounding design for both long-term and short-term CLI.     
Observation 1: It is possible and beneficial to use the same framework, in terms of RS time/frequency positions, # of ports, bandwidth, etc., for both long-term and short-term CLI management
Proposal 1: NR uses a common framework, for both long-term and short-term CLI management.
The proposed common CLI management framework consists of RRM configuring gaps during which soundings and measurements take place. As noted, for the framework to support short-term CLI management, gaps may need to be brief (e.g., supporting one sounding/measurement opportunity) and placed right before conversion (though framework should not preclude longer gaps occurring less frequently.)
Proposal 2: The CLI management framework consists of RRM configuring gaps during which TRP’s/UE’s are instructed to sound or measure cross-link channel using configured RS
To reduce overhead in terms of consumed scheduling resources, it is beneficial for sounding / measurements gaps to extend already existing gaps, e.g., PDSCH to PUCCH in a DL slot or PDCCH to PUSCH gap in an UL slot. In this way, each sounding opportunity takes one OFDM symbol off of PDSCH or PUSCH, respectively, as compared to two symbols if a gap was not already existent. It should be noted, however, that it may be necessary in some situations to create new sounding/measurement gaps. As an example, consider the case where some TRP’s have already converted their direction. As such, at the same time some TRP’s are doing a DL slot while others are doing UL. Since the gaps in DL and UL slots do not line up, sounding/measurement gap has to take an extra symbol (i.e., two symbols) either from PUSCH (if it extended DL slot’s gap) or from PDSCH (if UL slot’s gap was extended.)        
Proposal 3: Sounding/measurement gaps preferably extend existing gaps, e.g., PDSCH to PUCCH gap in a DL slot or PDCCH to PUSCH gap in an UL slot, however, new sounding/measurement gaps may be configured
1. Sounding/measurement gaps could last for one or more OFDM symbol durations to support one or more sounding/measurement opportunities
2. Sounding/measurement gaps may be configured semi-statically or dynamically
3. Sounding/measurement gaps may be configured network-wide or pertain to specific set of TRP’s/UE’s

Another issue to be considered is timing offset. Note that the default TA ensures UL symbols from different UE’s to arrive at serving TRP in synchronization. The goal with respect to CLI management, however, is to align sounding/measuring TRP’s/UE’s send/receive windows. In theory, this can be accomplished by providing TRP’s/UE’s with an additional TA either explicitly, or implicitly. However, generally speaking, timing different between any pair of two nodes can vary a lot. Moreover, the TA is always w.r.t. to one receiver, when timing difference is very large, aligning timing between different receiver and transmitter is very challenging. A good starting point for dynamic TDD design is small cell, there specially treatment of TA is not needed     
With respect to type of RS, performance metrics and reporting details we notice:
Proposal 4: Existing RS, e.g., SRS or CSI-RS could be used for sounding. 
1. Performance metrics and reporting details are determined by RS type used and short-term or long-term nature of CLI measurement
2. Long-term metrics includes RSSI, RSRP. Short-term measurement includes beam directions, MCS in addition
3. RRM configures the frequency position, port number, scrambling code, bandwidth of sounding RS (semi-statically or dynamically) based on the particular CLI management scheme 

It is worth noting that the proposed framework is flexible enough to support a wide variety of CLI management schemes; In section 3, we give details of one such long-term scheme. In addition, [2] provides details of two other short-term schemes which we briefly review here. 
In the first short-term scheme the sounding/measurement gap is configured between PDCCH and PDSCH for DL slots and PDCCH and PUSCH for UL slots. The sounding/measurement gap spans two OFDM symbols and provides for one sounding/measurement opportunity used by default direction receivers to sound “CTS” signals. Converting transmitters measure these CTS signals to decide if they need to yield or can go forward. In the later case, they may use the measurement to further decide how much they need to back off their Tx power (see [2] for further details).
In the second short-term scheme the sounding/measurement gap is configured to extend the DL slot’s PDSCH to PUCCH gap by one symbol. This provides for one sounding/measurement opportunity which is used by all default and converting transmitters to sound an “RTS” signals. All default and converting receivers measure these RTS signals to report back (during DL slot’s PUCCH) the MCS that they can use in the next slot when conversions take place. In this scheme CLI is managed by updating MCS based on CLI measurements (see [2] for further details).
Observation 2: The proposed framework is flexible enough to support a wide variety of CLI management schemes, e.g., [2] gives details of three such schemes, i.e., one long-term and two short-term CLI management schemes.
3. Long-term UE-to-UE cross-link measurement
The long-term UE-to-UE cross-link measurement procedure aims to provide information to the network about potential scenarios where severe UE-to-UE cross-link interference may arise, so that the network may avoid or mitigate the performance impact due to such scenarios by incorporating this information into scheduling choices and / or interference mitigation schemes. In [3], we had discussed some considerations related to UE-to-UE cross-link interference (CLI) measurement. 
An important consideration for UE-to-UE CLI measurement mechanism is that every UE must have an opportunity to measure the CLI measurement signal from every potentially interfering other UE, in spite of the half-duplex constraint. 
Some simplifying assumptions can be made:
· Since UEs in the same cell will not experience cross-link interference from each other, there is no need to allocate resources for UE-to-UE measurement for UEs in the same cell.
· Identifying potential severe UE-to-UE CLI scenarios requires a UE to measure only the interference power on the UE-to-UE sounding resources. There is no need to identify the UE or its cell based on the reference signal used for CLI measurement. Such identification may be considered in further studies if the need arises. 

Based on these assumptions, we propose the following.
Proposal 5: As a starting point, long-term cross-link interference measurement should not require a measuring UE to identify the sounding UE or its cell based on the reference signal used for CLI measurement.
3.1. [bookmark: _Ref485371613]Cell-specific UE-to-UE sounding and measurement configuration
Based on the discussion above, UEs within the same cell need not sound to each other. Also, UEs within the same cell need not be distinguished from each other by a neighbour cell measuring UE. This allows UEs within the same cell to be configured with the same resources for transmitting the reference signal associated with CLI measurement. Without this simplification, a resource would have to be set aside for every pair of UEs in the system, which would result in a very large overhead.
Proposal 6: For long-term UE-to-UE CLI measurement, UEs in the same cell can share the same sounding resource to transmit the reference signal.
Moreover, the configuration for sounding and measurement is common to all UEs within a cell, and therefore, the configuration signalling may be performed in a multicast or broadcast manner, thereby reducing signalling overhead. 
Proposal 7: Configuration of long-term UE-to-UE sounding and measurement procedure may be performed in a cell-specific manner to all UEs within a cell, using a multicast or broadcast signalling message using group-common PDCCH or RRC or system information.
3.2. UE-to-UE sounding and measurement pattern
The following example illustrates a UE-to-UE sounding and measurement pattern for a network with 10 cells. Here, every row in the table corresponds to one cell. The pattern in the row indicates the sounding and measurement instances for all UEs in that cell.
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[bookmark: _Ref485370714]Figure 1: Pattern for UE-to-UE sounding and measurement

The pattern is constructed in a manner that ensures that UEs in every cell have an opportunity to measure the reference signal from UEs in every other cell. As an example, UEs in cells 1 and 2 are both transmitting in the first opportunity, and therefore they cannot measure each other. However, in the second opportunity, UEs in cell 2 can measure the transmission of UEs in cell 1. Similarly, in the third opportunity, UEs in cell 1 can measure the transmission of UEs in cell 2.
Specifically, the pattern is constructed using 5 sounding / measurement opportunities. Every cell is assigned a unique pair of these opportunities for sounding. The other three opportunities are used for measurement. Since there are  = 10 possible pairs, it is possible to accommodate 10 cells using this pattern, as shown in Figure 1. 
The pattern shown here can be generalized to accommodate up to  cells using T sounding / measurement opportunities where each cell is assigned a unique set of K opportunities for sounding and the remaining (T-K) opportunities for measurement. It can be shown that this pattern ensures that UEs in every pair of cells will have an opportunity to measure the dominant interference from each other, in spite of the half-duplex constraint. 
As discussed in Section 3.1, within a sounding opportunity, UEs of the same cell share the same resource for the sounding transmission. However, the sounding transmissions from UEs of two different cells that are assigned the same sounding opportunity may or may not share the resource. As an example, each TRP may further select a sub-band in frequency domain or a code sequence in the code sequence domain. 
The power used by the UEs for sounding requires some careful consideration. The power control for regular SRS for uplink channel sounding is configured taking into account the inter-cell interference from neighbor cell SRS transmissions. However, for the UE-to-UE sounding transmissions, the criteria for selecting a power control set point may be different. As a result, the sounding configuration must include separate power control parameters for the UE-to-UE sounding reference signal. 
The TRP then configures its served UEs with the following information using cell-specific signaling as described in Section 3.1:
· selected resource for sounding, 
· power control parameters to be used for the sounding transmission, 
· the resource(s) for measurement 
· the sounding / measurement opportunity pattern 
3.3. Measurement configuration
When a UE is configured to perform UE-to-UE measurement, it may receive multiple reference signals from UEs in other cells. For each configured measurement resource, the UE need not measure the multiple reference signals on that resource separately. Since the goal is not to identify each UE or cell that contributes to the interference, but only to identify potential severe jamming scenarios, it is sufficient to measure the aggregate interference power received on each measurement resource from all the reference signals on that resource. The assumption is that if there is no dominant interfering UE, then the total interference power will be low, whereas, the presence of a dominant interferer will cause the total interference power to be high.
Based on this discussion, the measurement configuration may configure the UE to measure and report the total received power (e.g., RSSI or RSRP) on the configured measurement resources.
Proposal 8: For long-term UE-to-UE CLI measurement, UEs should be configured to measure and report RSRP on each configured measurement resource.
4. Conclusion
Proposal 1: NR uses a common framework, for both long-term and short-term CLI management.
Proposal 2: The CLI management framework consists of RRM configuring gaps during which TRP’s/UE’s are instructed to sound or measure cross-link channel using configured RS
Proposal 3: Sounding/measurement gaps preferably extend existing gaps, e.g., PDSCH to PUCCH gap in a DL slot or PDCCH to PUSCH gap in an UL slot, however, new sounding/measurement gaps may be configured
4. Sounding/measurement gaps could last for one or more OFDM symbol durations to support one or more sounding/measurement opportunities
5. Sounding/measurement gaps may be configured semi-statically or dynamically
6. Sounding/measurement gaps may be configured network-wide or pertain to specific set of TRP’s/UE’s
7. 
Proposal 4: Existing RS, e.g., SRS or CSI-RS could be used for sounding. 
4. Performance metrics and reporting details are determined by RS type used and short-term or long-term nature of CLI measurement
5. Long-term metrics includes RSSI, RSRP. Short-term measurement includes beam directions, MCS in addition
6. RRM configures the frequency position, port number, scrambling code, bandwidth of sounding RS (semi-statically or dynamically) based on the particular CLI management scheme 

Proposal 5: As a starting point, long-term cross-link interference measurement should not require a measuring UE to identify the sounding UE or its cell based on the reference signal used for CLI measurement.
Proposal 6: For long-term UE-to-UE CLI measurement, UEs in the same cell can share the same sounding resource to transmit the reference signal.
Proposal 7: Configuration of long-term UE-to-UE sounding and measurement procedure may be performed in a cell-specific manner to all UEs within a cell, using a multicast or broadcast signalling message using group-common PDCCH or RRC or system information.
Proposal 8: For long-term UE-to-UE CLI measurement, UEs should be configured to measure and report RSRP on each configured measurement resource.
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