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1. Introduction

Different services / apps have different requirement for DL and UL data rates. For example, an app for watching movies will require higher DL data rate than UL. In contrast, an app for backing up local data to a cloud may require higher UL data rate than DL. Moreover, even for an app, different operations may require different DL and UL data rates. For an app for sharing short videos, uploading your own short video needs higher UL data rate whereas watching the videos shared by your friends needs higher DL data rate.  
Therefore, fixed or semi-static DL and UL resource allocation cannot match all kinds of services/apps, which leads to inefficient resource utilization. From the study of dynamic TDD in LTE, flexible duplexing has been identified as a key feature to efficiently exploit the spectrum to meet various types of services. Based on this common understanding, we support flexible duplexing in Rel-15 NR. Cross-link interference (CLI) management is a fundamental technology to enhance the performance of flexible duplexing, which is also studied in Rel-15 NR.

However, the specification of CLI management was postponed after some constructive works due to limited time of Rel-15 NR specification [1][2]. Thus Rel-16 continues the related work on CLI management [3]. In RAN1 AdHoc meeting 1901, much progress was made as follows [4]
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In this contribution, we will continue to discuss the remaining issues and corresponding designs regarding CLI measurement and reporting. 
2. Discussion
In RAN1 Ad-Hoc meeting 1901 [4], the general definition of SRS-RSRP has been agreed and the maximum number of SRS monitored by a UE within a slot is no larger than 8. But the network is allowed to configure more than 8 SRSs over different slots. There is a remaining issue: what is the maximum number of SRS resources a UE monitors for CLI measurement?  Regarding the UE complexity, not only the number of SRS resources but also the number of SRS ports have heavy impact since UE needs to estimate the corresponding channels for each SRS port.

Compared to RSSI measurement, the main motivation of SRS based scheme is able to identify the strongest aggressor(s).  For a typical scenario, there is limited number of strong aggressors. On the other hand, even if there are many aggressors, the network can configure same SRS for a group of UEs and the victim only needs to identify limited number of UE groups. 

Observation 1: For a typical scenario, the number of strong aggressors or the number of strong aggressors groups are limited. 
Based on the above discussion, we have the following proposal
Proposal 1: For SRS-RSRP based UE-UE CLI measurement, 
· The total number of SRS resources to be monitored by a UE should not exceed 16.
· The total number of SRS ports to be monitored by a UE should not exceed 32 if multiple ports per SRS resources are supported.
Another issue is the timing for SRS-RSRP measurement. For CP-OFDM, if the timing offset is within the corresponding CP, the measurement performance of SRS is almost independent on the specific timing offset. 
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Fig.1 

Fig.1 illustrates the relationship of the timing offset and the distances among UEs/gNBs.  Assuming the two gNBs are ideally synchronized, the timing offset (To) between UL transmission of UE 2 and DL reception of UE 1 can be expressed by the following formula:
To = (d1 + d2 - d12) / C                             (1)
where C is the speed of light. In order to ensure the measurement performance, To  should be within the CP of SRS. Thus we can get the following constraint based on (1):
d1 + d2 - d12 = C × To <= C × TCP
where TCP is the CP length of SRS.
	
	µ=0
	µ=1
	µ=2
	µ=3

	Normal CP length (×10-6 s)
	4.69
	2.34
	1.17
	0.586

	C × TCP  (m)
	1406
	703
	352
	176


As the WID states [3], dynamic DL/UL resource assignments would be more beneficial in indoor hotspot and urban macro scenarios where gNB TX power is rather limited, and ISD is small. For FR1, µ=0, 1 or 2. In order to ensure the timing offset is within the CP, the corresponding upper bound of d1 + d2 - d12 are 1406m, 703m and 352m, respectively. For a typical scenario where dynamic DL/UL resource assignment is beneficial, 352m is larger enough for d1 + d2 - d12, where the corresponding cell radius is upper bounded by 176m (assuming d12= 0).
For FR2 with µ=3, if the cell radius is no larger than 83m, the timing offset is within the CP of SRS. For typical indoor hotspots with mmWave, cell radius of 83m is sufficient. 
In the above discussions, no additional timing offset is assumed for the SRS transmission. Thus all the above observations are also valid for the timing of SRS transmission.

Based on the above discussion, we have the following proposal:

Proposal 2: For SRS-RSRP measurement, no additional timing offset relative to its own DL timing is needed. 

Proposal 3: For SRS-RSRP measurement, no additional timing offset for SRS transmission is needed.
There is another remaining issue regarding the rate matching around the SRS RE/symbols. The potential benefits of such rate matching are as follows:

· Better performance of DL reception

· Better performance of SRS-RSRP measurement

In Rel-15 NR, a rate matching framework with both symbol-RB level granularity and RE-level granularity has been supported and offers extreme flexibility. Regarding the SRS measurement, current scheme can support the rate matching around SRS signals/symbols if gNB wants and no additional rate matching enhancement is needed. Thus we have the follow observation and proposal:
Observation 2: Whether or not to support rate matching around the SRS signals/symbols is up to gNB implementation. Moreover, the current scheme can support such kind of rate matching if gNB wants. 
Proposal 4: No additional rate matching enhancement is needed for SRS-RSRP based UE-UE CLI measurement. 
For RSSI based UE-UE CLI measurement, the aggressors will be scheduled by gNB(s) to transmit data/signals. In the current agreement, symbol-level and PRB-level indications are agreed. If aggressors are transmitting PUSCH/data, only symbol-level and PRB-level indications are sufficient since the data scheduling is based on PRB-level or RBG-level. 
However, for a UE in RRC-connected mode, it is not possible to always schedule PUSCH on the time-domain resources of RSSI measurement occasions since the service is usually burst traffic. As a result, the gNB needs to trigger SRS transmission at least for some aggressors in some cases for RSSI-based UE-UE CLI measurement.  Since the SRS signals are based on comb-like structure, there are some potential problems if the victim UE measures on all the REs of a RB:
· If the SRS signal is only transmitted on one comb, the victim will under-determine the interference level since SRS-RSRP is averaged over the REs carrying SRS and the other REs without signals. 

· If an aggressor is scheduled to transmit multiple SRS ports / SRS resources on all the REs of the SRS bandwidth, the power may be unnecessarily wasted and will harm the power consumption of the aggressor.

Thus it is beneficial to introduce additional RE-level indication.
Proposal 5: For the configuration of RSSI measurement resource, Rel-16 NR should support RE-level indication additionally on top of the symbol-level indication and PRB-level indication. 
For RSSI based UE-UE CLI measurement, UE only needs to measure the received power at some specific time-frequency resources. Thus the configuration of time-domain resource dedicated for CLI measurement should be exchanged among gNBs, and the serving cell indicates the UE to do the CLI measurement according to the configuration. 

Proposal 6: For RSSI based UE-UE CLI measurement, the information of time-domain resource dedicated for CLI measurement should be exchanged between gNBs and indicated to UE. 
As discussed in previous meetings, SRS-RSRP based UE-UE CLI measurement and RSSI based UE-UE CLI measurement are suitable for different scenarios, and also have different requirements on UE complexity. However, if every UE supports one of them independently, the configuration and scheduling of network will be very challenging. Meanwhile, it will also lead to larger overhead. Thus it is beneficial for all UE supporting UE-UE CLI measurement to support one mechanism as a baseline.
Proposal 7: RSSI based UE-UE CLI mechanism is supported by a UE capable of UE-UE CLI measurement. 
· The support of SRS-RSRP based UE-UE CLI measurement can be indicated by additional UE capability signaling. 
3. Conclusion

In this contribution, we discuss the current proposed approaches of UE-UE CLI measurement, i.e., RSSI based UE-UE CLI measurement and SRS-RSRP based UE-UE CLI measurement. Based on the discussion, we have the following observations and proposals:
Observation 1: For a typical scenario, the number of strong aggressors or the number of strong aggressors groups are limited. 
Observation 2: Whether or not to support rate matching around the SRS signals/symbols is up to gNB implementation. Moreover, the current scheme can support such kind of rate matching if gNB wants. 
Proposal 1: For SRS-RSRP based UE-UE CLI measurement, 

· The total number of SRS resources to be monitored by a UE should not exceed 16.
· The total number of SRS ports to be monitored by a UE should not exceed 32 if multiple ports per SRS resources are supported.
Proposal 2: For SRS-RSRP measurement, no additional timing offset relative to its own DL timing is needed. 

Proposal 3: For SRS-RSRP measurement, no additional timing offset for SRS transmission is needed.
Proposal 4: No additional rate matching enhancement is needed for SRS-RSRP based UE-UE CLI measurement. 
Proposal 5: For the configuration of RSSI measurement resource, Rel-16 NR should support RE-level indication additionally on top of the symbol-level indication and PRB-level indication. 
Proposal 6: For RSSI based UE-UE CLI measurement, the information of time-domain resource dedicated for CLI measurement should be exchanged between gNBs and indicated to UE. 
Proposal 7: RSSI based UE-UE CLI mechanism is supported by a UE capable of UE-UE CLI measurement. 

· The support of SRS-RSRP based UE-UE CLI measurement can be indicated by additional UE capability signaling. 
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Agreement


The following CLI measurements are supported:


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:


The number of SRS to be monitored by the UE should not exceed 8 within a slot


Network may configure more than 8 SRSs over different slots


The total number of SRSs to be monitored by a UE should not exceed [32]


The UE is not required to perform time tracking or time adjustment other than a constant offset relative to its own DL timing in order to perform SRS-RSRP measurement


FFS: Details on how the constant offset is derived by the UE. The constant offset of 0 is not precluded.


FFS: Whether or not to have measurement accuracy relaxation


FFS: Timing for the transmission point of view


UE is not required to measure SRS using different SCS compared to the downlink active BWP SCS of the same carrier





Agreement


Measurement resource for SRS-RSRP measurement is configured by SRS resource configuration.


FFS: Whether REs for PDSCH is rate matched around the REs for SRS for SRS-RSRP measurement or not.


FFS: Whether OFDM symbol(s) for PDSCH is rate-matched or not.


Note: If Rel-15 already supports this functionality, no additional specification support will be introduced





Agreement


For measurement resource for RSSI measurement is configured by


Symbol-level indication (e.g. starting OS and ending OS) and PRB level indication (e.g., starting PRB and ending PRB) within downlink active BWP
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For SRS-RSRP measurement report, L3 measurement reporting is applied





Agreement


For CLI-RSSI, L3 measurement reporting is applied


FFS: Whether SRS-RSRP measurement report and CLI-RSSI measurement report can be configured together for a UE


Whether UE should be required to perform SRS-RSRP measurement and CLI-RSSI measurement simultaneously





Agreement


For L3 measurement reporting of RSSI/SRS-RSRP, the specification detail on the reporting and triggering mechanism is discussed in RAN2


Send an LS to RAN2 (LGE, Hyunsoo)








Agreement


From a specification perspective, the measurement/report configuration of CLI-RSSI and SRS-RSRP are independent.


FFS: UE capability discussion
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