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1 Introduction
In RAN#75 plenary meeting, a new WID on NR was approved, and the objectives about duplexing can be seen as follows [1]:

· Duplexing identified in Section 5.1 of TR38.802 supported by a PHY design common to paired and unpaired spectrum, including [RAN1, RAN2, RAN3]:

· Enablers for interference management mechanisms for handling cross-link interference.

· Note: down-selection on enablers for interference management mechanisms is to be discussed in RAN1
In 3GPP RAN1#89 meeting, the following agreements and conclusions are further reached [2]:
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 
Conclusion:

· Study further whether or not at least the following information is provided among gNBs via backhaul signaling: 

· Configurations of reference signal for CLI management, which is transmitted from gNBs

· FFS Details

· Also the connection with TRP-to-TRP measurement

For duplexing flexibility, a dozen candidate of cross-link interference (CLI) mitigation schemes as well as the corresponding enablers and specification impacts are summarized in Table 10.1-1 in TR 38.802 v14.0.0 [3]. For most CLI mitigation schemes enumerated in TR 38.802, such as scheduling/beam coordination, link adaptation, power control and sensing, CLI measurement is the basic prerequisite and the enabler. Thus, a flexible and effective measurement mechanism should be considered to assist these CLI mitigation schemes for NR duplexing flexibility. 

UE-to-UE measurement is a key enabler for TRP or itself to support these schemes. In this contribution, we will discuss the details of UE-to-UE measurement using an existing RS as an enable for CLI mitigation. For TRP-to-TRP measurements please refers to companion contribution [4].
2 Discussion on UE-to-UE measurement
UE-to-UE interference occurs mainly in indoor hotspot scenarios. For example, when two UEs are close to each other, but belong to two different cells, then these two UEs are at the cell edge, respectively. The UL transmission power of one UE at the first cell edge is relatively larger, but the DL reception power of another UE at the second cell edge is low after experiencing a larger path-loss. Therefore, the UL transmission will cause UL-to-DL (i.e. UE-to-UE) CLI to the DL reception. In order to better support CLI mitigation schemes for eliminating UE-to-UE interference, UE-to-UE measurement should be considered and specified.

For UE-to-UE measurement, at least two types of cross-link measurement need to be considered to measure the CLI level and/or identify aggressors: long-term UE-to-UE measurement and short-term UE-to-UE measurement.
2.1 Long-term UE-to-UE measurement 
2.1.1 General discussion
Long-term UE-to-UE measurement is a long-term statistical average and can be used to obtain interference level and channel state of large scale property between inter-cell UEs. Some CLI mitigation schemes, e.g. scheduling coordination can utilize long-term CLI measurement results as the reference or the enabler to eliminate CLI. 

Long-term UE-to-UE measurement can be used as the enablers at least for the following CLI mitigation schemes. In view of this, long-term UE-to-UE measurement should be considered.

· Scheduling coordination

· Beam coordination

· Link adaptation
· Power control

· Channel sensing-based
2.1.2 Measurement metrics/types
Several related new measurement quantities/ metrics for long-term UE-to-UE measurement are given as follows.
(a) CL-RSRP
Reference Signal Received Power (RSRP) is a typical type of long-term measurement in LTE, which can reflect the path-loss between the UE and the eNB. Naturally, CL-RSRP measurement should be considered as a main performance metric of long-term CLI measurement in NR duplexing flexibility, by which the measurement UE can know the information of path-loss and CLI level between inter-cell UEs. The scale of path-loss can indirectly reflect CLI level between the two UEs if they have different transmission directions. If the CLI level is too large, the two cells need to keep the same transmission direction through coordination, or perform CLI mitigation schemes such as channel sensing-based scheme or scheduling coordination.
If UE-UE CL-RSRP measurement is supported in NR, UE measurement capabilities should include UE-UE CL-RSRP measurement. The measurement signals for UE-UE CL-RSRP measurement should be defined. The existing UL RS in discussion should be reused as much as possible, e.g. sounding reference signal (SRS). Furthermore, the SRS of a UE should aim to be received by another UE, which will be discussed in section 2.1.3.

(b) RSSI, CL-RSSI
LTE Received Signal Strength Indicator (RSSI) is obtained by the UE measuring from all resources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc. In duplexing flexibility, RSSI can also be used by TRP to determine whether the allocation of DL/UL subframe/slot is appropriate. Furthermore, a new metric named CL-RSSI can be considered to measure all the cross-link interference that the UE suffers. If it exceeds a threshold or meets a measurement event, it will trigger TRP and UE to perform CLI mitigation schemes.
 (c) RSSI-UL
Traditional received signal strength indicator (RSSI) measurement can only be performed on the DL subframe/slot and cannot measure the interference of its UL subframe/slot. In order to measure the interference of its UL subframe/slot, a new RSSI-UL can be introduced. By this measurement mechanism, the UE would have to be configured to perform RSSI measurement in the UL subframe/slot and report the RSSI to TRP. TRP can also perform RSSI measurement in the UL subframe/slot. This would enable the TRP to use the RSSI-UL to get the decision of whether or not to re-configure its DL/UL subframe/slot allocation. A corresponding RSSI-UL threshold also would need to be introduced.

(d) Busy/idle rate of channel sensing
Another way to use a long-term measurement is to introduce a new measurement value for the busy/idle rate of channel sensing. For example, if the successive CCA-like results show the channel is busy, we know that the channel is facing serious interference. This leads to having a choice to take DL-UL changing or to adjust the scheduling. The measurement of the busy rate can be defined as the rate of CCA-like being busy during the predefined time. 

2.1.3 Measurement signal design

The NR SRS have main functionalities of CSI acquisition and beam management. Similar to CSI-RS used for RSRP measurement as discussed in the topic of mobility procedure, the SRS can also be considered to be used for UE-to-UE CL-RSRP/CL-RSSI measurement. 

The victim UE would measure CL-RSRP/CL-RSSI based on SRS transmitted from the aggressor UE. Therefore, the UE needs to have the ability to receive SRS and identity its source, and the UE transmission capability is not affected. 
The SRS used for cross-link measurement should reuse the same framework such as sequence, ports, pattern and time/frequency resource configuration of the existing SRS as in MIMO. Related to MIMO topic, it had been agreed in RAN1#89 that NR use Zadoff-Chu (ZC) based sequences to design SRS sequence and support SRS sequence ID to generate SRS sequence where SRS sequence ID is UE-specifically configured. NR also support configuration of an X-port resource spanning N adjacent OFDM symbols within the same slot where N=1,2,4 at least. These agreements in MIMO should be reused for SRS-based CL-RSRP/CL-RSSI measurement as much as possible. 
In order to improve the accuracy of CL-RSRP/CL-RSSI measurement, SRS should be measured on a relative wider bandwidth, but at least support the measurement in each bandwidth part in wider bandwidth. The measurement bandwidth can be configurable and indicated to UE. Furthermore, multi-ports (one or two ports) and multi-symbol (e.g. N=2 or 4) in a measurement slot can improve the accuracy of CL-RSRP/CL-RSSI measurement. The configurable periodicity of periodic SRS transmission should be considered, and the size of periodicity depends on the factors, such as the requirement of measurement accuracy, unstable channel state between inter-cell UEs, and overhead of RS transmission and measurement. In order to reduce the complexity of measurement and overhead of signalling exchange, some parameters of UE-to-UE measurement can be common for inter-cell UEs. For instance, the measurement periodicity and/or RS transmission periodicity of different UEs can be the same, but the offsets can be different.  The periodicity (M) for UE-to-UE measurement can be about in tens of milliseconds, and the range of offset is 0 to (M-1).
The power change of the SRS based on the UL power control (PC) algorithm will increase the complexity of the SRS-based long-term measurement. Thus, we need to define two types of SRS. One is used for the UL CSI measurement, the power of which is controlled by the UL PC algorithm. The other one is the SRS with a fixed or semi-static configured power setting, which is used for UE-to-UE measurement. For the latter, the UE assumes that the power of SRS remains constant unless a new power value is received.
In summary, the possible impacts to existing SRS as in MIMO is that the sequence, ports, pattern and time/frequency resource configuration agreements in MIMO can be reused for SRS-based CL-RSRP/CL-RSSI measurement, but a relatively wider bandwidth to measure CL-RSRP/CL-RSSI measurement (i.e., the measurement bandwidth can be configurable and indicated to UE), configurable periodicity of periodic SRS transmission, and two types of SRS (i.e., Type 1: used for the UL CSI measurement for the power of which is controlled by the UL PC algorithm and Type 2:  used for UE-to-UE measurement for the SRS with a fixed or semi-static configured power setting) are additionally needed for SRS-based CL measurement.

Observation 1: The possible impacts to existing SRS as in MIMO is that the sequence, ports, pattern and time/frequency resource configuration agreements in MIMO can be reused for SRS-based CL-RSRP/CL-RSSI measurement, but a relatively wider bandwidth to measure CL-RSRP/CL-RSSI measurement, configurable periodicity of periodic SRS transmission, and two types of SRS (i.e., Type 1: used for the UL CSI measurement for the power of which is controlled by the UL PC algorithm and Type 2:  used for UE-to-UE measurement for the SRS with a fixed or semi-static configured power setting) are additionally needed for SRS-based CL measurement.
2.1.4 Measurement configuration and notification
The TRP1 associated with the measurement UE1 and the TRP2 associated with the measured UE2 need to coordinate the information of transmission configuration of RS and cross-link measurement configuration. 
Firstly, TRP2 can configure UE2 with the transmission configurations of the measurement signal e.g. SRS used for UE-to-UE measurement. The transmission configurations can include time/frequency positions, periodicity, offset, # of ports, bandwidth, etc. Furthermore, TRP2 need to provide the transmission configurations or measurement configurations to TRP1 via backhaul signalling. The measurement configuration can be as a subset of the transmission configuration. TRP1 informs UE1 with the transmission configurations or measurement configuration. At last, the UE2 transmits measurement signal while the UE1 performs UE-to-UE measurement.
As discussed in section 2.1.3, some parameters of UE-to-UE measurement can be common for inter-cell UEs, such as the periodicity of measurement and/or RS transmission, ports, bandwidths of different UEs can be the same, but other parameters e.g. the offsets can be different.

2.1.5 Measurement results reporting
The measurement results of long-term UE-to-UE measurement could be reported to TRP. There are several reporting methods as follows:
Method 1: UE reports all the measurement results e.g. CL-RSRP between itself and all measured UEs to its TRP. Reporting all the measurement results of all measured UEs would result in excessive overhead.
Method 2: UE reports the measurement results of some measured UEs with the largest CLI or CL-RSRP imposed on the UE to its TRP. For example, UE reports the measurement results of top three interfering/ measured UEs to the TRP.
Method 3: Only when the measurement results meets certain conditions, UE will report the corresponding measurement results. For example, UE will report measurement results only if the measurement results exceed the pre-setting threshold or satisfy the measurement event used for trigger reporting. The measurement event can be defined based on the relationship between CSI-RS based RSRP and CL-RSRP.
From the point of saving overhead, method 2 or 3 may be a better choice. If the CLI level is too low, UE can ignore it directly and does not have to inform the TRP. According to the measurement results, TRP decides whether to re-configure DL/UL transmission direction/priority, or whether and how to perform CLI mitigation schemes. 
2.2 Short-term UE-to-UE measurement
2.2.1 General discussion

Another type of interference measurement that can be considered to measure the CLI level and/or identify aggressors is short-term UE-to-UE measurement. It can be divided into two sub-types, namely channel state information/channel quality indicator (CSI/CQI) measurement and one-shot CL-RSRP/CL-RSSI. Short-term UE-to-UE measurement can obtain CLI state and level in a timely manner.
Short-term UE-to-UE measurement can be used as the enablers at least for the following CLI mitigation schemes, which also needs to be supported in NR duplexing flexibility.

· Scheduling coordination

· Beam coordination

· Link adaptation
· Power control

· Channel sensing-based 

2.2.2 Measurement metrics/types
Several related new measurement metrics/ types for short-term UE-to-UE measurement are given as follows.

(a) Cross-link CSI/CQI measurement and reporting
Considering duplexing flexibility in NR, it is expected that interference is more fluctuating and unpredictable. Together with multi-beam operation, the interference can come from different beams in different duplexing direction. Therefore, more dynamic/timely interference measurement will be required to cope with such a dynamic interference situation. Cross-link CSI/CQI measurement should be considered for dynamic CLI mitigation schemes. 

At least for CSI acquisition, NR supports CSI-RS and SRS. For UE-to-UE CSI measurement, SRS-based cross-link CSI acquisition and measurement should be considered. SRS-based cross-link CSI/CQI measurement and reporting should reuse or refer to the conclusions/agreements generated in the topic of “MIMO-CSI acquisition” (support at least two possible schemes of non-zero power (NZP) SRS based and zero power (ZP) SRS based interference measurement based on RAN1#89 conclusions/agreements on CSI-RS) as much as possible. But the ability of cross-link CSI/CQI measurement between inter-cell UEs and some essential configurations/exchanges between UEs and TRPs should be supported.
(b) One-shot CL-RSRP/CL-RSSI/RSSI
By using one-shot RSSI, UE detects the energy of interference and judges whether the channel is idle or not compared with pre-setting energy thresholds. However, the UE cannot distinguish which type of interference it belongs to, let alone identify sources of interference. By using one-shot CL-RSRP/CL-RSSI, UE can obtain more information, e.g. UE can identify the aggressors or CLI/non-CLI type. This information can be used for performing CLI mitigation schemes more effectively. 
The transmitter or receiver in a cell transmits the measurement signal prior to or during the data transmission, in order for the other devices to perform one-shot CL-RSRP/CL-RSSI measurement before transmission if they are scheduled. Whether/How to transmit depends on the results of one-shot CL-RSRP/CL-RSSI measurement. The measurement signals for one-shot CL-RSRP/CL-RSSI can reuse the RS used for other purposes as much as possible such as SRS or DMRS. For the details please refer to channel sensing-based scheme in companion contribution [5].
2.2.3 Measurement signal design

In order to obtain accurately interference measurement results, in addition to considering NZP SRS for interference measurement, ZP SRS can be also used for interference measurement. By ZP SRS and NZP SRS, UE can not only detect all the interference, but can also only detect the expected interference for measurement nodes (e.g., gNB/UE). In addition, ZP RS pattern can also be used to identify the interference link direction and source. The following is a typical example of how to identify the interference link direction and source by SRS pattern as shown in Figure 1. For example, assume that node1 is transmitting in DL and node2 transmitting in UL, ZP RS pattern of node2 is SRS comb 1and node2 transmits SRS in comb 0. Based on this, if node1 wants to obtain whether CLI exist, then it can perform measurement operation in comb 1 and comb 0. If measurement channel is idle on comb 1 and busy on comb 0, then node1 think there is risk of CLI. While if measurement channel is idle on comb 1 and comb 0, then node1 think there is no risk of CLI. In the same way, node2 wants to obtain whether CLI exist, then it can perform measurement operation in comb 1 (e.g., ZP SRS pattern position). If measurement channel is idle on comb 1, then it thinks there is no risk of CLI. Otherwise, if channel sensing is not idle on comb 1, then it thinks there is risk of CLI. 
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Figure 1: ZP SRS Pattern for interference measurement
2.2.4 Measurement configuration and notification
The TRP1 associated with the measurement UE1 and the TRP2 associated with the measured UE2 can exchange information of RS configuration. In addition, TRP1 with DL transmission need to notify RS configuration information of UE that served by neighbor TRP2 to UE1. Wherein, RS configuration for cross-link interference measurement can reuse the related content of NR MIMO part such as sequence, ports, pattern and time/frequency domain resource configuration. In addition, such RS configuration can include ZP SRS and/or NZP SRS configuration. Based on this configuration, gNB/UE can send or measurement RS.
Firstly, TRP2 configures measurement RS information to UE2, wherein RS can be ZP SRS and/or NZP SRS, configuration information can include time position, frequency pattern, and periodicity/aperiodicity/ semi-persistent. Furthermore, TRP2 need to provide the transmission configurations or measurement RS (e.g., ZP SRS, NZP SRS) configuration to TRP1 via backhaul signalling. TRP1 informs its own (itself) and TRP2 of the transmission configurations or measurement configuration RS (e.g., ZP SRS, NZP SRS) to UE1. Lastly, the UE2 transmits measurement signal while the UE1 performs UE-to-UE measurement. In addition, some additional information also needs to be indicated to UE by served gNB in order to obtain measurement position in the slot structure and entity which perform measurement. More detailed can be found in our company’s contribution [5].
2.2.5 Measurement results reporting
For short-term UE-to-UE measurement, the measurement results should be reported to TRP. It can use similar reporting mechanisms of current MIMO CSI framework, or adopt similar reporting mechanisms of above long-term UE-to-UE measurement (CL-RSRP).
In addition, two types of CSI measurement and reporting should be considered in NR duplexing flexibility. Among them, the first type is the traditional CSI measurement and reporting and the second one is the cross-link CSI measurement and reporting that can help TRP/UE to do CLI mitigation as well as resource assignment/scheduling.
Proposal 1: At least one long-term UE-to-UE measurement and one short-term UE-to-UE measurement should be considered for supporting NR duplexing flexibility.
Proposal 2: The metrics for CLI measurement should be down-selected to focus on:
· Long-term UE-to-UE measurement: CL-RSRP and CL-RSSI
· Short-term UE-to-UE measurement: CL CSI/CQI and one-shot CL-RSRP/CL-RSSI
Proposal 3: Support SRS including NZP SRS and ZP SRS for UE-to UE measurement.
Proposal 4: The UE supports the ability to receive SRS and identity its source.

Proposal 5: The SRS used for cross-link measurement should reuse the same framework such as pattern, sequence, ports, pattern and time/frequency resource configuration of the existing SRS as in MIMO.
Proposal 6: The measurement results reporting for CLI measurement should be down-selected to focus on:
· Long-term UE-to-UE measurement results reporting: UE reports the measurement results of some measured UEs with the largest CLI or CL-RSRP imposed on the UE to its TRP and only when the measurement results meets certain conditions, UE will report the corresponding measurement results
· Short-term UE-to-UE measurement results reporting:  similar reporting mechanisms of current MIMO CSI framework and adopt similar reporting mechanisms used for long-term UE-to-UE measurement (CLI-RSRP)
2.3 Timing offset measurement
Due to different timing advances (TAs) of each UE and the existence of the propagation delay difference between cross-link, the timing offset between interference and target reception will certainly exist on the cross-link. The timing misalignment will increase the difficulty and complexity of CLI mitigation and weakens the performance of duplexing flexibility. 

For two synchronized cells, the timing misalignment on the TRP side is relatively easy to solve since the propagation delay between two TRPs are stable. But the timing misalignment on the UE side is hard to solve because the timing offset is related to TA of the victim UE, TA of the aggressor UE, and the propagation delay between the two inter-cell UEs. Considering the significant impact of the timing misalignment on the robustness of the CLI mitigation scheme, the timing offset measurement should be considered for UE-to-UE interference. A new type of cross-link timing advance (CL-TA) time measurement parameters and cross-link time offset (CL-TO) parameter can be defined to measure the timing offset between TRPs or between inter-cell UEs. Accordingly, based on the CL-TO, a new CL-TA can be used to align the timing between DL reception and UL transmission of the inter-cell UEs. But it should be noted that the victim/aggressor UE should consider not only cross-link timing alignment, but also need to consider the synchronization requirements with self-TRP.
Proposal 7: The timing offset measurement should be considered for UE-to-UE interference mitigation since it has a significant impact on the robustness of the CLI mitigation scheme.
2.4 Parameters related to CLI management to be used for RRM procedures
Since the content for CLI management related to L1would have an impact to the reference signals to be used for RRM procedures, it is desirable for RAN4 to consider new cross-link measurement quantities/ metrics. The parameters related to CLI management are listed in Table 1.
Table 1: Parameters related to CLI management
	Parameters
	Descriptions

	CL-RSRP
	CL-RSRP measurement and reporting as a main performance metric of long-term CLI measurement in NR duplexing flexibility, by which the measurement UE can know the information of path-loss and CLI level between inter-cell UEs.

	CL-RSSI
	CL-RSSI measurement as a metric to measure all the cross-link interference that the UE suffers. If it exceeds a threshold or meets a measurement event, it will trigger TRP and UE to perform CLI mitigation schemes.

	CL CSI/CQI
	CL CSI/CQI measurement and reporting currently support at least two possible schemes of non-zero power (NZP) SRS based and zero power (ZP) SRS based interference measurement.

	one-shot CL-RSRP
	One-shot CL-RSRP measurement and reporting as a metric of short-term CLI measurement in NR duplexing flexibility, by which the measurement to UE can obtain more information, e.g. UE can identify the aggressors or CLI/non-CLI type. The transmitter or receiver in a cell transmits the measurement signal prior to or during the data transmission, in order for the other devices to perform one-shot CL-RSRP measurement before transmission if they are scheduled.

	one-shot CL-RSSI
	One-shot CL-RSSI measurement as a metric of short-term CLI measurement in NR duplexing flexibility, by which the measurement to UE can obtain more information, e.g. UE can identify the aggressors or CLI/non-CLI type. The transmitter or receiver in a cell transmits the measurement signal prior to or during the data transmission, in order for the other devices to perform one-shot CL-RSSI measurement before transmission if they are scheduled.

	CL-TA
	CL-TA time measurement parameters defined to align the timing between DL reception and UL transmission of the inter-cell UEs.

	CL-TO
	CL-TO time measurement parameter defined to measure the timing offset between TRPs or inter-cell UEs. 


RAN1 should send LS to RAN4 to provide parameters related to the CLI management to be used for RRM procedures, including RS used for CLI measurements for UE-to-UE interference.
Proposal 8: Send a LS to RAN4 to provide parameters related to the CLI management to be used for RRM procedures, including RS used for CLI measurements for UE-to-UE interference. 
3 Conclusion 
In this contribution, we discussed cross-link interference (CLI) measurements, and in addition we provide the following proposals. 
Observation 1: The possible impacts to existing SRS as in MIMO is that the sequence, ports, pattern and time/frequency resource configuration agreements in MIMO can be reused for SRS-based CL-RSRP/CL-RSSI measurement, but a relatively wider bandwidth to measure CL-RSRP/CL-RSSI measurement, configurable periodicity of periodic SRS transmission, and two types of SRS (i.e., Type 1: used for the UL CSI measurement for the power of which is controlled by the UL PC algorithm and Type 2:  used for UE-to-UE measurement for the SRS with a fixed or semi-static configured power setting) are additionally needed for SRS-based CL measurement.
Proposal 1: At least one long-term UE-to-UE measurement and one short-term UE-to-UE measurement should be considered for supporting NR duplexing flexibility.
Proposal 2: The metrics for CLI measurement should be down-selected to focus on:
· Long-term UE-to-UE measurement: CL-RSRP and CL-RSSI
· Short-term UE-to-UE measurement: CL CSI/CQI and one-shot CL-RSRP/CL-RSSI
Proposal 3: Support SRS including NZP SRS and ZP SRS for UE-to UE measurement.
Proposal 4: The UE supports the ability to receive SRS and identity its source.

Proposal 5: The SRS used for cross-link measurement should reuse the same framework such as pattern, sequence, ports, pattern and time/frequency resource configuration of the existing SRS as in MIMO.

Proposal 6: The measurement results reporting for CLI measurement should be down-selected to focus on:
· Long-term UE-to-UE measurement results reporting: UE reports the measurement results of some measured UEs with the largest CLI or CL-RSRP imposed on the UE to its TRP and only when the measurement results meets certain conditions, UE will report the corresponding measurement results
· Short-term UE-to-UE measurement results reporting:  similar reporting mechanisms of current MIMO CSI framework and adopt similar reporting mechanisms used for long-term UE-to-UE measurement (CLI-RSRP)
Proposal 7: The timing offset measurement should be considered for UE-to-UE interference mitigation since it has a significant impact on the robustness of the CLI mitigation scheme.Proposal 8: Send a LS to RAN4 to provide parameters related to the CLI management to be used for RRM procedures, including RS used for CLI measurements for UE-to-UE interference. 
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