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1. Introduction

In RAN4#90bis is the first meeting to discuss the RRM requirements for CLI measurement. During the meeting, a WF [1] was approved, which addresses several aspects related to the UE behaviours and side conditions for the requirements. 
In this paper we will provide our views on the open issues in CLI measurement requirements. 
2. Discussion
Measurement configuration

For SRS-RSRP, the measurement resource is configured by the network using the same configuration as for SRS transmission. As there are many parameters in SRS configuration, there would be a huge number of configurations. In [1] some initial agreements are made regarding which configurations are applicable from RRM requirements point of view. This is copied in Table 1.

Table 1: Selection of applicable SRS configurations for RRM requirements
	Parameter name in specification
	Value range (R1-1903835)
	Proposed value range

	SRS-scs
	15, 30, 60 kHz for FR1
60, 120 kHz for FR2
	15, 30, 60 kHz for FR1
60, 120 kHz for FR2

	nrofSRS-Ports
	1,[2],[4]
	1

	transmissionComb
	n2 comboffset (0,1), cyclicShift (0,…,7)
n4 comboffset (0,..,3), cyclicShift (0,…,11)
	n2 comboffset (0,1), cyclicShift (0,…,7)
n4 comboffset (0,..,3), cyclicShift (0,…,11)

	resourceMapping
	startPosition INTEGER (0,…,5)
nrofSymbols ENUMERATED {n1,n2,n4}
repetitionFactor ENUMERATED {n1,n2,n4}
	startPosition INTEGER (0,…,5)
nrofSymbols ENUMERATED {n1}
repetitionFactor ENUMERATED {n1}

	freqDomainPosition
	0,…,67
	0,…,67

	freqDomainShift
	0,…,268
	0,…,268

	freqHopping
	c-SRS INTEGER (0,…,63)
b-SRS INTEGER (0,…,3)
b-hop INTEGER (0,…,3)
	no

	groupOrSequenceHopping
	neither, 
groupHopping, 
sequenceHopping
	no

	SRS-Measurement-PeriodicityAndOffset
(only periodic)
	sl1 NULL, 
sl2 INTEGER(0..1), 
sl4 INTEGER(0..3), 
sl5 INTEGER(0..4), 
sl8 INTEGER(0..7), 
sl10 INTEGER(0..9), 
sl16 INTEGER(0..15), 
sl20 INTEGER(0..19), 
sl32 INTEGER(0..31), 
sl40 INTEGER(0..39), 
sl64 INTEGER(0..63), 
sl80 INTEGER(0..79), 
sl160 INTEGER(0..159), 
sl320 INTEGER(0..319), 
sl640 INTEGER(0..639)
	option 1: use all periodicity
option 2: reduce periodicity set 


Based on Table 1, the SRS-RSRP requirements will be defined assuming one SRS port, one symbol, no frequency hopping, no group or sequence hopping. Regarding the periodicity, there are two options. Most likely, the measurement period will be defined based on the SRS periodicity, and this is same as today’s SSB and CSI-RS based measurement requirements. Therefore, we do not see a strong need to down-select a subset of periodicity for RRM requirements.
Another SRS configuration parameter related to RRM requirements is the SRS BW. The SRS BW can range from 4 PRB to the BWP BW. It is obvious that different BW will lead to different accuracy performance. For CSI-RS based L1-RSRP measurement, RAN4 has studied the performance of different CSI-RS BW-es and agreed to define requirements based on one of them (48 PRB). Similar discussion is needed for SRS-RSRP measurement performance. 
Proposal 1: RAN4 to discuss for which SRS BW the SRS-RSRP accuracy requirements should be defined.

Measurement timing

In RAN4#90bis, it is pointed out by several companies that the measurement timing of SRS-RSRP measurement will have significant impact on the measurement performance. According to RAN1 conclusion, for SRS-RSRP measurement, the UE is not required to perform time tracking or time adjustment other than a constant offset relative to its own DL timing, and the constant offset is derived by UE implementation. As UE is not tracking the SRS to be measured, the timing error between the first received path of the SRS to be measured and the UE measurement window cannot be avoided. 

In our initial simulation results [2], it is observed that when the timing error is within CP, the impact on the accuracy is marginal. Once the timing error exceeds CP, there is a clear degradation on the accuracy, and the exact degradation depends on the exact timing error. For the same timing error (10us), there is a clear performance difference between 15kHz and 30kHz, since the timing error is twice the CP length for 15kHz and four times for 30kHz. 
The timing error depends on both the measurement scenario (the distance between the aggressor UE and the victim UE) and the UE implementation (the measurement window). In our understanding, it is not proper to define it as a UE requirement as it effectively requires UE to track the SRS to be measured. On the other hand, if it is purely a condition, the RRM requirements and tests may be meaningless since UE can always declare a big timing error when the measurement fails. We are open to discussing this issue, and our initial suggestion is to define a baseline assumption for the UE measurement timing, and the timing error is a condition for the RRM measurements. An example of the baseline assumption could be e.g. as proposed in [1] for information purpose, that the timing is same as UE’s TA in its serving cell. UE should meet the measurement requirement provided that the timing error is no more than e.g. twice the CP length.
Proposal 2: For SRS-RSRP, a baseline assumption is defined in terms of measurement timing, and UE should meet the measurement requirement provided that the timing error based on the assumption is no more than a threshold.
In RAN4#90bis, we raised up the cyclic shift ambiguity issue when UE is configured to measure multiple SRS resources on the same OFDM symbol and the same comb. The issue is elaborated below.
When two SRS resources are separated by cyclic shift, if they have the same receive timing at the victim UE (e.g. two aggressor UEs have same distance to the victim UE), the two SRS can be distinguished even they are using adjacent cyclic shifts, as shown in Figure 1(a). However, when they have different receive timing and the timing difference is larger than the resolution of one cyclic shift, the two SRS will be mixed and cannot be distinguished, as shown in Figure 1(b). It should be noted that the resolution of one cyclic shift can be as small as 1/48 OFDM symbol, corresponding to 140m distance. It means if the propagation difference between the two aggressor UEs relative to the victim UE is larger than 140m, UE cannot measure the two SRS resources correctly, and this will heavily limit the use case of SRS-RSRP as a CLI mitigation scheme.
Based on above analysis, we think RAN4 could consider to limit the distance between the cyclic shifts of two SRS resources on the same symbol and same comb.

Proposal 3: For SRS-RSRP measurement, RAN4 to consider limiting the distance between the cyclic shifts of two SRS resources on the same symbol and same comb.
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Figure 1: Illustration of cyclic shift ambiguity
Measurement period, side condition and measurement accuracy

In RAN4#90bis, a simulation assumption [3] was approved to evaluate the impact of timing error and cyclic shift on the SRS-RSRP measurement performance. Based on our initial simulation results [2], we think the measurement period and side conditions in [3] can be used as starting point for defining the requirements. 
Specifically, we think the same accuracy defined for SS-RSRP can be considered as the target for SRS-RSRP, since we do not see a strong need to have more accurate measurement for SRS-RSRP. If this can be accepted, the target baseband accuracy is around 2dB or 2.5dB. From our simulation results, this can be achieved at -3dB SNR and 5 sample averaging, under the timing error up to twice the CP length.
For SRS-RSRP, there is no point to measure too weak signals, so we think -3dB can be a reasonable side condition for the requirements. Also, since the SRS-RSRP measurement is for CLI mitigation but not for mobility, 5 samples as measurement period is also reasonable.

Proposal 4: As a starting point, RAN4 can consider to define SRS-RSRP measurement period as 5 samples, side condition as -3dB, and measurement accuracy same as for SS-RSRP.

QCL assumption

For RRM measurement in FR2, UE is allowed to do Rx beam sweeping when there is no QCL assumption for the signals to be measured, i.e. UE does not know which Rx beam to use to measure the signal. For SRS-RSRP measurement, in [1] a baseline UE behavior for QCL assumption is proposed for information that the same spatial filter/set of UE Rx beams is used for measurement as used for reception of PDCCH and PDSCH on the same carrier.
In our view, this is reasonable as a starting point, since the CLI measurement is to evaluate the interference level to the reception of serving cell PDCCH/PDSCH, so there is not much sense to find the interference level when using other Rx beam than the one for PDCCH/PDSCH reception. Of course, we are open to discuss if there exists other use cases where Rx beam sweeping is meaningful.
Proposal 5: As baseline, UE uses the same Rx beam as for receiving PDCCH/PDSCH for SRS-RSRP measurement.
3. Conclusions

In this paper we provided our views on the open issues in CLI measurement requirements.
Proposal 1: RAN4 to discuss for which SRS BW the SRS-RSRP accuracy requirements should be defined.

Proposal 2: For SRS-RSRP, a baseline assumption is defined in terms of measurement timing, and UE should meet the measurement requirement provided that the timing error based on the assumption is no more than a threshold.
Proposal 3: For SRS-RSRP measurement, RAN4 to consider limiting the distance between the cyclic shifts of two SRS resources on the same symbol and same comb.

Proposal 4: As a starting point, RAN4 can consider to define SRS-RSRP measurement period as 5 samples, side condition as -3dB, and measurement accuracy same as for SS-RSRP.

Proposal 5: As baseline, UE uses the same Rx beam as for receiving PDCCH/PDSCH for SRS-RSRP measurement.
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