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1 Introduction
At the RAN1 #88bis meeting, it was agreed that NR shall [1]
· For cross link interference mitigation, 

· Further consider UE-UE measurement and reporting, and TRP-TRP measurement

· Details FFS, including at least the RS for measurement, the metric for measurement (e.g., RSRP), long-term vs. short-term, etc., especially considering consistency with other NR topics

· Aim in RAN1#89 to come up with detailed option(s) including potential down-selecting from the list concluded from the SI

· Once the detailed option(s) is available, decide whether or to support this feature 

· For the case of TRP-TRP measurement, study whether or not there is additional RAN1 specification impact

· Further consider other aspects, e.g., power control, sensing, timing related handling, etc.

In this contribution, we discuss long term and short term measurement on their respective functions, the metrics for measurement and specification impacts. Details on the RS transmission mechanism for short-term measurement is discussed in our companion contribution [2]. 
2 Cross-link interference measurement
As discussed in our previous contribution [3], cross-link interference management can be a collective approaches, including proper resource allocation for interference avoidance, Tx coordination, link adaptation on rate and power, advanced receiver, etc. Cross-link interference measurement capturing UE-UE and BS-BS interference is essential for realizing those cross-link interference management schemes. 
2.1 Long-term cross-link interference measurement 

Measurement approaches generally can be classified into long-term measurement and short-term measurement. Long-term measurement is based on the assumption that the network topology, traffic, and the channel change slowly or follow a certain pattern so that measurement conducted in the past can be applied to schedule the current transmission. In long-term measurement, the measurement and reporting do not tie with any specific data transmission occasion. The measurement can be conducted periodically or aperiodically over subbands or wideband (based on L1 or L2 configuration). Most of the measurement, such as MIMO measurement, CQI measurement, defined in LTE are long-term measurement. Those measurement can be effective considering the channel and the interference changes slowly and can be highly predictable. For NR duplex flexibility, however, the interference environment could change quite dynamically as discussed in our companion contribution [2], considering factors such as wider bandwidth, various packet sizes, the flexibility in changing transmission direction at each TRP, and the use of narrow beam transmission. The effectiveness of long-term measurement could therefore be very much undermined. Inaccurate measurement could either leads to high PER or low resource utilization. Moreover, the measurement reporting mechanism for long-term measurement on cross-link interference shall be properly defined. As an example, some potential measurement reporting options are as follows 

Option 1: Measure aggregate UE-UE interference and BS-UE interference, and report together

Option 2: Separately measure aggregate UE-UE interference and aggregate BS-UE interference, and report separately
Option 3: Measure and report interference from each dominant interfering UE and BS
For each measurement and reporting option, different granularities can be applied (e.g., subband, wideband). The corresponding signaling overhead and performance shall be properly evaluated. The metric for measurement can be RSRQ. 
The specification impact of long-term cross-link interference measurement is mainly on the reporting mechanism. On the RS type for long-term cross-link interference measurement, we expect existing RS such as CSI-RS, SRS and DMRS can be used. On the RS transmission mechanism (e.g., RS transmission time and frequency resource), we do not foresee specific requirement for long-term cross-link interference measurement. 
Observation 1: Further study is needed on the performance of long-term cross-link interference measurement schemes and the specification impact
2.2 Short-term cross-link interference measurement 
Short-term measurement is to emulate the interference that is going to be experienced in its corresponding data transmission. Based on the short-term measurement, link adaptation can be applied to the corresponding data transmission. In short-term measurement, the measurement and reporting are associated with one or several data transmission occasions. The measurement is conducted before its corresponding data transmission and is used to adjust the corresponding data transmission. 
To enable interference emulation by short-term cross-link interference measurement, the measurement RS shall follow the same transmission scheme as the corresponding data, i.e., the RS shall be transmitted in the same RB locations as used by the corresponding data. Moreover, as discussed in our companion contribution [2], it is desirable to transmit the DL and UL RSs for cross-link interference measurement in the same location of a slot so that the SINR can be captured in a single measurement which includes the desired signal, the BS-UE interference and the cross-link interference. The metric for measurement can be CQI. The measurement reporting can follow the same scheme as conventional CQI feedback, except that the feedback timing shall follow the short-term measurement timing.  
On the RS for short-term cross-link interference measurement, it is desirable to build cross-link interference measurement into a unified measurement framework together with other kinds of measurement including MIMO measurement and BS-UE interference measurement. Figure 1 shows one design option on the unified measurement framework, where precoded CSI-RS and precoded SRS are used for CQI measurement for MU-MIMO, cross-link, and BS-UE interference based on interference emulation, and non-precoded CSI-RS and SRS are used for MIMO measurement (either based on channel reciprocity or not). The precoded CSI-RS and precoded SRS use the same precoder as is going to be applied for its corresponding data transmission and are transmitted 
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) slots (Figure 1 shows an example of k=1) ahead of the data transmission, i.e., when slot #(n+k) is a DL slot, its corresponding precoded CSI-RS is transmitted in slot #n; when slot #(n+k) is a UL slot, its corresponding precoded SRS is transmitted in slot #n. Other than precoded CSI-RS and precoded SRS, DL and UL DMRS can be applied for MU-MIMO, cross-link and BS-UE interference measurement as illustrated in Figure 1.

Proposal 1: Short-term measurement shall be applied to emulate the interference that is going to be experienced by the corresponding data transmission and to provide accurate CQI measurement

Proposal 2: It is desirable to build cross-link interference measurement into a unified measurement framework together with other kinds of measurement including MIMO measurement and BS-UE interference measurement


[image: image3.emf]DL data

PDCC

H

S

R

S

DL

 

P-

CSI-

RS 

or 

DM

RS

P

U

C

C

H

DL data

P

D

C

C

H

 

P-

SRS 

or 

DM

RS

P

U

C

C

H

CSI-

RS

UL

CSI-

RS

S

R

S

UL data

P

D

C

C

H

 

P-

SRS 

or 

DM

RS

P

U

C

C

H

UL

S

R

S

UL data

PDCC

H

S

R

S

DL

 

P-

CSI-

RS 

or 

DM

RS

P

U

C

C

H

G

A

P

G

A

P

G

A

P

G

A

P

G

A

P

Slot # n

Slot # (n+1)


Figure 1 A NR measurement framework example
2.3 Potential specification impacts
The potential additional specification impacts on long-term and short-term measurement are summarized in Table 1. As discussed in the previous sections, we expect
· On long-term measurement, there is no additional specification impact on measurement RS and its transmission mechanism. Existing RSs can be used. The specification impacts will be mainly on the measurement reporting, including the content and the granularity

· On short-term measurement, there is no additional specification impact on measurement reporting. The measured CQI can be reported using the UCI format defined for CQI report. The specification impacts will be mainly on the measurement RS and its transmission mechanism, including the location of the RS in a slot, the time/frequency resource used for the RS transmission, and the measurement scheduling by DL control. Existing RSs can be used for cross-link interference measurement given the RS design fulfills the cross-link interference measurement requirement, such as symmetric DL and UL RS as discussed in our companion contribution [2]. 
Table 1 Potential specification impacts on cross-link interference measurement approaches

	
	Potential specification impact

	
	Measurement RS and transmission
	Measurement reporting 

	Long-term cross-link interference measurement
	No
	Yes

	Short-term cross-link interference measurement
	Yes
	No


3 Conclusion 

In this contribution, we presented our views on cross-link interference measurement for NR duplex flexibility. Based on the discussion we draw the following observations and proposals:
Observation 1: Further study is needed on the performance of long-term cross-link interference measurement schemes and the specification impact
Proposal 1: Short-term measurement shall be applied to emulate the interference that is going to be experienced by the corresponding data transmission and to provide accurate CQI measurement

Proposal 2: It is desirable to build cross-link interference measurement into a unified measurement framework together with other kinds of measurement including MIMO measurement and BS-UE interference measurement
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