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1 Introduction
During the NR study item, it was included that “NR supports … TDD operation on an unpaired spectrum where the transmission direction of most time resources can be dynamically changing. DL and UL transmission directions at least for data can be dynamically assigned on a per-slot basis at least in a TDM manner.’’. At RAN#75 [1], according to the outcome of the study item, the NR should specify the enablers for interference management mechanisms for handling cross-link interference.
The following agreement was made during the last meeting [3]:
Agreements[3]:

· For CLI management, support UE-to-UE interference measurement and reporting without the introduction of new RS(s)
Agreements[3]:

· 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 paper, we discuss the types of UE-to-UE interference measurements being considered as per the agreement above and their benefits and drawbacks.
2 Discussions

In defining measurements for cross-link interference management, the following considerations must be taken into account.

· Measurement complexity at the UE

· Overhead for reporting of measurements

· Performance gains enabled by measurements under practical circumstances
The main measurements under consideration are RSRP and RSSI. Other measurements such as CQI/CSI were left for further study. RSSI measurements are the least complex type of measurements since these are essentially energy measurements and there is no digital processing of signals such as correlation or demodulation needed. RSRP measurements are somewhat more complex since the UE must measure the received power of a specific sequence which requires it to correlate against the sequence involving some digital processing. CQI/CSI type measurements can be more complex depending on the specific definitions of the measurements. Furthermore, it is not clear what system performance benefits CQI/CSI type measurements could enable, especially considering that there have been no evaluation results that have shown consistent gains in a wide range of load points with any particular type of measurement.
One aspect of complexity to consider as well is the dimension of the measurement problem. NR is fundamentally a point to multi-point system with a gNB serving multiple UEs. When measurements are made by UEs on signals transmitted by gNBs, therefore, the number of nodes for which measurements are being made are limited typically to a few neighbors. If UEs are to make measurements of UEs from other cells, the number of nodes on which measurements must be made can be far greater. Therefore, the problem needs to be constrained and clearly, the measurements should be limited to the important UEs, i.e., the ones that are causing the most interference. However, this is the point of making a measurement in the first place and hence it is fundamentally not easy to strip down the complexity of the UE-to-UE interference measurement problem significantly. 

It is clear that any cross-link interference management schemes based on UE-to-UE measurements must either rely on the UE making a very coarse measurement of the cross-link interference, e.g. an average of the interference received from many UEs without identification of the specific UEs or must rely on the UE making complex measurements where the UE must identify interferers from a potentially large set of potential interfering UEs. In this context, the RSSI measure fits more with the former type of measurement and the RSRP is closer to the latter type of measurement since signals being transmitted, e.g., SRS or DMRS, from many potential other UEs must be known.
RSRP measurements are capable of identification of particular UEs and in providing interference information for each UE-to-UE link. The additional complexity accrued from making CQI/CSI type of measurements is likely to not result in any performance benefits. Considering this, we propose the following.
Proposal: CQI/CSI type UE-to-UE measurement metrics should not be considered for the purpose of cross link interference measurements
Considering RSSI and RSRP measurements, there is a trade-off in general between the ability of the measurement to provide information on the interfering UE and the complexity of the measurement. For RSRP, for instance, the signals being considered are the DMRS and the SRS. We briefly discuss here the benefits and challenges with RSRP measurements based on these signals. 
With the DMRS, the signal is transmitted by an interfering UE only when the UE is also scheduled with some associated data transmission. Thus, while the presence or absence of the DMRS from a UE is perfectly correlated with the interference generated by data transmissions from that UE, any measurement made on the DMRS would have to be opportunistic and cannot occur on some regular basis. This makes the measurement process at the UE more challenging. Furthermore, since the DMRS is correlated with actual data transmissions, measurements based on DMRS could be considered to be better for measurements of average interference from the UE over some period of time. However, in the context of dynamic TDD operation, it is not clear that there is significant benefit to knowing that a particular interfering UE has higher load than some other interfering UE. The more pertinent question of interest is whether a particular UE causes significant interference when it transmits. Longer term interference characteristics could be just as useful even if the measurement is done across all the UEs causing interference so that no particular identification of any given UE is needed. In such a case, a simple RSSI measurement by the UE would suffice and the RSRP measurement is likely not needed.

Observation: The burstiness of DMRS transmissions by a UE make the UE-to-UE measurements based on the DMRS more challenging
With the SRS, the signal transmitted by the interfering UEs are typically configured by the network and SRS transmissions can occur independently of data transmissions. So, while SRS transmissions are not as tightly correlated as the DMRS with interference being generated due to data transmissions, SRS transmissions can be more easily controlled by configuration for the network to understand the network topology including the interference profiles of different UE-to-UE links. However, as discussed above, the number of UEs on which measurements must be made could be high and many configuration details of the SRS signals for other UEs need to be provided for a UE to be able to make a meaningful measurement. These details include, for example, SRS configuration parameters such as the number of symbols, the comb structure, the sequences used including cyclic shifts, the slots where the transmissions occur etc. It should be noted that some amount of coordination between different gNBs in the network would be needed in order to provide such information to a UE in order for it to perform a measurement. However, such coordination can be done proprietarily in most cases and there is no need for any additional specifications of signaling on the backhaul. 

Observations: 
· Measurement occasions for SRS-based measurements can be controlled better than for DMRS-based measurements

· The amount of configuration information that needs to be provided to the UE for SRS-based measurements increases signaling complexity

· The need to measure the received power of specific sequences for each UE increases the measurement complexity for SRS-based measurements

In contrast to an RSRP measurement, an RSSI measurement can be made with the provision of minimal to no configuration information. And as discussed earlier, RSSI measurements are much less complex for the UE to make. However, this can only provide energy measurements in the time and frequency resources that are being measured and it is not possible to distinguish between multiple UEs that may be transmitting simultaneously over the same time and frequency resources.
Observation: 
· RSSI measurements are less complex for the UE than RSRP measurements
· RSSI measurements cannot distinguish between different UEs transmitting in the same time and frequency resources.
Considering all of the above, it is important to minimize the UE measurement complexity (and network complexity) while maximizing the system performance benefits of any UE-to-UE measurement that is specified for NR for cross-link interference management. Considering measurement complexity at the UE and signaling complexity in the network for RSRP measurements, the use of RSSI measurements is preferred. 
However, the configuration of these RSSI measurements, the types and frequencies of reporting etc. should be made flexible and precise enough so that the potential system performance benefits of the measurement can be maximized. For example, it would be beneficial for the gNB to be able to control precisely the time and frequency resources within which the RSSI measurement is made by the UE. Also, it would be beneficial for the network to be able to control the degree of averaging performed by the UE in returning the measurement and also whether the report contains a set of RSSI values or a single averaged measurement. We note that such flexibility was provided in LAA for the RSSI measurements that were defined. It may also be noted that with the ability to control the resources where RSSI measurements are made, the network could have the flexibility to extract more information from these measurements depending on the transmissions that have been scheduled by the network in these time and frequency resources. As an example, if a UE makes an RSSI measurement in time and frequency resources where only one UE is configured or scheduled to transmit (e.g. SRS or DMRS), then the RSSI measurement can mimic an RSRP measurement for this UE. Clearly, the inability to distinguish between multiple transmissions limits the flexibility in obtaining precise interference information for UEs, but, importantly, such precise information for a single UE can be extracted even with a simple RSSI measurement. Also, it should be noted that while controlling the time and frequency resources where a UE makes RSSI measurements can increase the complexity in configuring the UE measurement, this increase in complexity is still significantly lower than the complexity of configuring and signaling all the parameters of an SRS signal, such as the cyclic shifts of the sequences. Therefore, an RSSI measurement for which the measurement aspects can be flexible and controllable via configuration can potentially provide the system performance benefits that are claimed to be enabled by UE-to-UE measurements while limiting the complexity at the UE. Finally, we note that such a measurement regime can be very similar to what was defined for LAA where it had the added benefit of providing information on hidden nodes.
Proposal: Adopt an RSSI based measurement for UE-to-UE measurements for the purpose of cross-link interference management. 
· The time and frequency resources where the RSSI measurement is made, the averaging durations and the reporting periodicities should be configurable
3 Conclusions

In this contribution, we discussed UE-to-UE measurements for the purpose of cross-link interference management. The following observations and proposals were made.
Observation: 
· The burstiness of DMRS transmissions by a UE make the UE-to-UE measurements based on the DMRS more challenging

Observations: 
· Measurement occasions for SRS-based measurements can be controlled better than for DMRS-based measurements

· The amount of configuration information that needs to be provided to the UE for SRS-based measurements increases signaling complexity

· The need to measure the received power of specific sequences for each UE increases the measurement complexity for SRS-based measurements

Observations: 
· RSSI measurements are less complex for the UE than RSRP measurements

· RSSI measurements cannot distinguish between different UEs transmitting in the same time and frequency resources.

Proposal: CQI/CSI type UE-to-UE measurement metrics should not be considered for the purpose of cross link interference measurements
Proposal: Adopt an RSSI based measurement for UE-to-UE measurements for the purpose of cross-link interference management. 
· The time and frequency resources where the RSSI measurement is made, the averaging durations and the reporting periodicities should be configurable
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