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1. Introduction

In 3GPP RAN1 #90, the following agreements on SRS-RSRP and RSSI based CLI measurement were achieved [1]:
Agreements:
· Definitions of metrics for CLI:

· 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 based UE-UE CLI measurement  

· At least SRS can be used for UE-UE CLI measurement

· The specification should provide a mechanism for the network to configure at least a same SRS sequence for one or more UEs transmitting SRS

· Note: This intends to support cell-level, UE-group-level, and UE-level interference differentiation 

· UE can be configured with one or more SRS resource(s) (including time-frequency resource(s), sequence(s), cyclic shift(s), periodicity, etc) to measure UE-UE CLI interference. 

· FFS details, e.g. configuration signaling, measurement triggering mechanism

· Every SRS resource has to be explicitly configured, i.e. there is no SRS blind acquisition by the UE required.

· FFS the maximum of SRS resources – aim to limit the number of resources to reduce complexity while considering performance aspect

· Mechanism to limit the UE complexity for UE-UE CLI measurement is supported

· FFS details, [e.g. by limiting the number of root sequence of SRS for UE-UE CLI measurement that a UE needs to detect within a certain amount of time, longer periodicity.]

· FFS whether there is spec impact. 

· FFS: The specification should provide a mechanism to avoid potential DL transmission interfering the SRS for UE-UE CLI measurement

· FFS exact details, [e.g. by rate matching the DL transmission around the SRS]

· FFS: Transmission timing advance of SRS for CLI measurement can be different from the transmission timing advance of its PUSCH, e.g. D2D channel transmission timing 

· The UE is not required to perform time tracking or time adjustment relative to DL operation in order to perform RSRP measurement

· FFS whether or not to have measurement accuracy relaxation

· For RSSI based UE-UE CLI measurement  

· UE can be configured with a set of resource elements to measure UE-UE CLI interference.

· FFS details, e.g. the set of resource elements can be SRS or DM-RS resource, configuration signaling, measurement triggering mechanism

· FFS whether additional mechanism for SRS transmission is needed for RSSI based UE-UE CLI measurement

· FFS: The specification should provide a mechanism to avoid potential DL transmission in the RSSI measurement resource elements for UE-UE CLI measurement

· FFS exact details, e.g. by rate matching the DL transmission around the resource elements for RSSI UE-UE CLI measurement

· To conclude whether or not to down-select the above two approaches in the next meeting

This contribution is revised from R1-1713851, in this contribution, we will present our views on RSRP and RSSI based UE-to-UE CLI measurement. Specially, we also present some views on measurement RS configurations. 
2. RSRP and RSSI based UE-to-UE CLI measurement
In the last meeting, the definitions of RSRP and RSSI were agreed. First, if RSRP based UE-to-UE CLI measurement is applied, it can be observed that the RSRP requires to detect the measurement RS of the interfering UE sent. Each interfered UE needs to identify the interfering UEs to get the corresponding CLI level, and then interfered UE report that CLI level to the serving TRP. Further, the serving TRP exchanges the reported measurement information to the adjacent TRPs via backhaul or OTA signaling. Further, the adjacent TRPs could know which UEs suffer severe CLI from the RS configuration resources directly. The TRP can use some coordination schemes to avoid allocating the same resources to the interfered UEs for UL transmission.  

In indoor or small cell scenario, the long-term CLI characteristic will not change rapidly due to the UE not moving fast, and the periodic CLI measurement can reduce the information exchange among TRPs and make it easy to implement the CLI measurement. So for the RSRP measurement, we propose that the long-term CLI measurement should be developed first and the measurements can be configured to be periodic.   
While if RSSI based UE-to-UE CLI measurement is applied, the interfered UE can only obtain the total CLI strength of interfering UE on a particular configured resource. It is difficult to know the CLI level between each interfering UE and interfered UE pair. On the other hand, if the interfered UE want to have the ability to identify the interfering UEs, the interfering UEs should transmit the measurement RS on UE orthogonal resources (e.g. frequency or time domain). However, this method will lead to the high overhead of the measurement resources and the procedure is similar to RSRP based CLI measurement. In addition, consider RSPR has better measurement accuracy compared with RSSI, we propose that SRS-RSRP should be used as the metric for UE-to-UE CLI measurement. 
For the short-term CLI measurement, because RSSI can be considered to measure all the CLI that the UE suffers, so the RSSI based measurement can be used to acquire instantaneous CLI level with compact configurations and low complexity measurement. However, the necessity of this case needs to be FFS, although the short-term CLI measurement seems to be more suitable for sensing based scheme but this does not need to be specified currently.
Table 1 shows the compared with RSRP and RSSI based UE-to-UE measurement:

Table 1 The compared with RSRP and RSSI based UE-to-UE measurement

	Metrics of CLI
	SRS RSRP
	RSSI

	Identify the interfering UE
	Yes
	No

	Reflect CLI level between the interfering UE and interfered UE pairs
	Yes
	No

	CLI measurement periodic configuration
	Periodic priority
	Aperiodic priority

	Measurement enabler
	Long-term
	Short-term


As discussed above, we have the following proposal:
Proposal 1: At least SRS-RSRP measurement for long-term UE-to-UE CLI measurement is supported. Periodic CLI measurement is supported to achieve long-term metric.
3. RS for UE-to-UE CLI Measurement 
For CLI measurement, the UE should have the ability to transmit or detect the measurement SRS. In order to minimize specification impact, the agreements of NR SRS should be reused for SRS-based UE-to-UE CLI measurement as much as possible. That is, the CLI measurement SRS configurations may be s subset of existing SRS. Moreover, the SRS resources has to be explicitly configured and the SRS transmissions can be configured by high layer signaling. The progress of NR SRS and some requirements of CLI measurement RS of our perspective are summarized in Table 2, including periodic/aperiodic, bandwidth, frequency hopping,  time/frequency resource configuration, sequence, port,  numerologies, etc. Appropriate NR SRS parameters configurations for UE-to-UE CLI measurement should be FFS.
Table 2 Summary on NR  SRS progress and  UE-to-UE CLI measurement RS
	Item
	NR SRS
	CLI measurement RS

	Periodic
	NR supports periodic, aperiodic and semi-persistent NR-SRS transmission.
	At least periodic CLI RS transmission is supported in NR; the motivation and use case of aperiodic and semi-persistent CLI RS transmission should be FFS. The measurement periodicity and/or RS transmission periodicity of different UEs can be the same, but the timing offsets can be different.

	Transmission period TSRS
	No specific value has been given in NR SRS. In LTE this value can be taken as {2,5,10,20,40,80,160,320}ms.
	Subset of {20,40,80,160, 320}ms or longer period could be considered.

	Bandwidth
	Configurable SRS bandwidth: full band, partial-band and subband.
	At least subband or a smallest size of RBs is supported. 

	Frequency hopping
	NR supports frequency hopping within a partial-band for a UE, FFS SRS hopping among partial-bands. 
Symbol-wise hopping pattern: X SRS ports in each OFDM symbol in different locations of the band in different OFDM symbols in the slot in a freq hopping manner [a larger part of or the full UE bandwidth using narrower band SRS transmission]
	Note that generally multiple users in one cell may share the same time-frequency resource block. Thus, FFS whether the current frequency hopping pattern could be applied directly for this case. 

	Frequency density
	Configurable, comb levels: 2 or 4. 
	Configurable, comb levels: 2 or 4.
FFS:  whether one level could satisfy all the cases.

	Time density
	Configurable, X-port SRS resource spanning N adjacent OFDM symbols within the same slot: N = 1, 2, 4 at least.
FFS: N adjacent sub-time-units or non-adjacent symbols/sub-time-units.
	At least 1 or 2 symbols are supported for  periodic CLI measurement. 
FFS: the use case for 4 symbols.

	Sequence
	NR use Zadoff-Chu (ZC) based sequences and a UE-specifically configured SRS sequence ID to generate SRS sequence.
	At least a same SRS sequence for one or more UEs transmitting SRS can be configured [cell-level, UE-group-level, and UE-level]
Multiple interfering UEs [cell level, UE-group-level, and UE-level] can share the same root sequence like LTE. 
FFS if the sequence is  a function of PRB position.

	Port
	Number of SRS ports are 1, 2, 4, FFS 3, 8 (possibly other values), all ports are sounded in each OFDM symbol; Dynamic port selection by gNB and UE.
	FFS.

	Precoding
	NR support SRS with no precoding, the same or different precoding as UL data channel; Beamformer determination:  g-NB transparent or based on SRI.
	FFS along with port configuration.

	Numerologies
	NR supports SRS transmission where the numerology(ies) can be configurable for a UE.
	Consider the complexity, CLI measurement RS may not need to support multiple numerologies for SRS transmission from one UE.

	Power control (PC)
	The power is controlled by the UL PC algorithm.
	Power can be semi-static configured.


Therefore, we have the following proposal:
Proposal 2: CLI measurement SRS may be s subset of existing SRS configurations. FFS detailed configurations.
4. Conclusion
In this contribution, we have presented some discussions on UE-to-UE cross-link interference management in NR. The following proposals are given:
Proposal 1: At least SRS-RSRP measurement for long-term UE-to-UE CLI measurement is supported. Periodic CLI measurement is supported to achieve long-term metric.
Proposal 2: CLI measurement SRS may be s subset of existing SRS configurations. FFS detailed configurations.
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