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1. Introduction

In RAN4#91, the RRM requirements for CLI measurement are discussed, and WF [1] includes agreements and/or next steps for following aspects:

1) Restrictions in SRS-RSRP measurement configuration

2) Assumptions on the timing error and constant offset

3) Assumptions on cyclic shift restriction for SRS-RSRP

4) Measurement requirements and side conditions

5) Spatial QCL assumption

6) Scheduling restriction
7) Measurement reporting range
Except for 1) and 5), there are still remaining open issues. In this paper we will provide our views on the remaining open issues in CLI measurement other than the timing error issue, which is addressed in our companion paper [2].
2. Discussion
2.1. Cyclic shift restriction

In RAN4#91, the agreements on cyclic shift restriction are

	· Cyclic shift

· Limitation on the distance between the cyclic shifts of two SRS resource on the same symbol and same comb is to be considered for the accuracy requirements

· Companies are encouraged to provide evaluation for performance impact on cyclic shift configuration

· FFS whether and how to capture the condition of cyclic shift in the accuracy requirement


In our previous paper [3] we have elaborated the issue of cyclic shift ambiguity, and it is re-produced 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 would not be able to distinguish the two SRS resources correctly. This will heavily limit the use case of SRS-RSRP as a CLI mitigation scheme.
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Figure 1: Illustration of cyclic shift ambiguity
For normal SRS measurement by BS, adjacent cyclic shift can be used because all UE’s SRS-es will arrive at the BS at the same time due to TA control. For SRS-RSRP measurement, as UE only has one constant offset, the measurement will inevitably be done with residual timing error for most of the aggressor UEs. Therefore, the issue is quite straightforward in our view, and for the measurement requirements to apply, the distance between the cyclic shifts of two SRS resources on the same symbol and same comb should be limited. 

The next question is what the minimum distance between two cyclic shifts should be. In our view, it is related to what kind of residual timing error UE is supposed to handle. From performance simulation, we observed that the accuracy is acceptable if the residual timing error is within 2 x CP length. This roughly corresponds to 6 cyclic shift time resolutions when the maximum number of cyclic shift is 12. It is therefore proposed that the minimum distance between two cyclic shifts is half the maximum number of cyclic shifts. This will allow CLI measurement requirements to apply with the maximal range and at the same time allow network to still use cyclic shift to separate different SRS resources on the same symbol and same comb.
Proposal 1: For SRS-RSRP measurement, the minimum distance between cyclic shifts of two SRS resources on the same symbol and same comb is half the maximum number of cyclic shifts.
Similar to cyclic shift, there are interference issue when two SRS resources are separated by root sequence. If two SRS resources with different root sequences are on the same symbol and same comb, they will cause interference in each other’s measurement due to cross-correlation. Depending on the exact pair of target sequence and interfering sequence, such interference can lead to large bias in the measurement.

In Table 1, we calculated the bias in worst case, i.e. a target sequence is measured with an interfering sequence, and we go through all the interfering sequences and identify the largest impact. The calculation is done with -6dB SIR. From the table, the bias in SRS-RSRP measurement is not negligible even for large SRS BW. Therefore, RAN4 should discuss how to reflect this impact in the accuracy requirements.

Table 1: Worst case bias due to cross-correlation from an interfering root sequence
	SRS BW (PRB)
	Negative bias
	Positive bias

	24
	-2
	+2

	48
	-1.7
	+1.5


Proposal 2: RAN4 to discuss how to reflect in the accuracy requirements the bias due to cross-correlation from interfering root sequence when two SRS resources are on the same symbol and same comb.
2.2. Requirements and side conditions
In RAN4#91, the agreements on cyclic shift restriction are

	· Side condition 

· Option 1: SINR -3dB

· Option 2: SINR -1dB

· Other options are not precluded

· The number of RB for SRS resource

· Option 1: 48 RBs

· Option 2: 24 RBs

· Other options are not precluded

· The number of sample for measurement accuracy

· Option 1: 3 samples

· Option 2: 5 samples

· Other options are not precluded

· The dependency of measurement accuracy

· RAN4 needs further discussion how to define measurement accuracy


The measurement period (number of samples), measurement BW, SNR side condition and measurement accuracy are coupled. Firstly, 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. From our simulation results, this can be achieved at -3dB SNR and 5 sample averaging and 48 PRB BW, 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 3: As a starting point, RAN4 can consider to define SRS-RSRP measurement period as 5 samples, measurement BW as 48 PRB, side condition as -3dB, and measurement accuracy same as for SS-RSRP.
2.3. Scheduling restriction
In RAN4#91, the agreements on scheduling restriction are

	· Scheduling restriction for CLI measurement

· SRS-RSRP measurement

· Depending on the UE capability, UE is not expected to receive PDCCH/PDSCH on SRS-RSRP measured OFDM symbols, and on Y data symbol before SRS-RSRP measured symbol in intra-band CA.

· Y depends on SCS (e.g., Y = 1 or 2) and detail value will be defined in next meeting.

· CLI-RSSI measurement

· Depending on the UE capability, UE is not expected to receive PDCCH/PDSCH on CLI-RSSI measured OFDM symbols in intra-band CA. 

· FFS for scheduling restriction on X data symbol before CLI-RSSI measured symbol

· RAN4 needs to send LS to RAN1 to clarify the UE capability for FDMed between PDSCH and CLI measurement resources.


RAN4 has sent the LS to RAN1 [4] on the UE capability for FDMed between PDSCH and CLI measurement resources. In our understanding, no matter whether and what UE capability will be defined by RAN1, there will be UEs not expected to receive PDCCH/PDSCH on the CLI measurement symbols, as noted in [4].

	Based on RAN4 discussion, RAN4 would assume that UE is not expected to receive PDSCH on CLI measurement symbols before RAN1 clarification for the UE capability.


For scheduling restriction, the remaining open issue is the value for X (for CLI-RSSI) and Y (for SRS-RSRP). In our view, X and Y should take the same value, since both SRS-RSRP and CLI-RSSI measurements are to measure the UL signals in neighbour cells, and UE is not required to track any SRS for SRS-RSRP measurement, so there is no clear reason why UE would apply different timing for the two measurements. On the exact value, we think it should be depending on the assumption for the constant offset. 
Proposal 4: Same scheduling restriction is defined for SRS-RSRP and CLI-RSSI measurements. The number of restricted symbols before the measurement resource depends on the assumption on the constant offset.

2.4. Reporting range
In RAN4#91, the agreements on reporting range are

	· Measurement reporting range

· Include ‘too strong signal to measure’ as one of the possible reported value 

· FFS to reuse “infinity” in L3-RSRP reporting range in TS38.133 for SRS-RSRP and add similar contents for RSSI reporting range


In Table 10.1.6.1-1 for L3-RSRP report mapping, the reporting value RSRP_127 is mapped to ‘Infinity’, and there is note that this value is applicable for network configured RSRP threshold, and not for the purpose of measurement reporting. This is because in L3-RSRP reporting, there is no motivation to enable UE to report ‘too strong signal to measure’. Now for CLI measurement reporting, the motivation has been agreed, and in our view, there is no problem in re-using the ‘Infinity’ value for reporting since it’s limited to CLI reporting. For CLI-RSSI reporting, the same reporting value can be added.
Proposal 5: Re-use the ‘Infinity’ value in L3-RSRP report mapping for SRS-RSRP to indicate ‘too strong signal to measure’, and add the same value for CLI-RSSI report mapping.
3. Conclusions

In this paper we provided our views on CLI measurement requirements.
Proposal 1: For SRS-RSRP measurement, the minimum distance between cyclic shifts of two SRS resources on the same symbol and same comb is half the maximum number of cyclic shifts.
Proposal 2: RAN4 to discuss how to reflect in the accuracy requirements the bias due to cross-correlation from interfering root sequence when two SRS resources are on the same symbol and same comb.
Proposal 3: As a starting point, RAN4 can consider to define SRS-RSRP measurement period as 5 samples, measurement BW as 48 PRB, side condition as -3dB, and measurement accuracy same as for SS-RSRP.
Proposal 4: Same scheduling restriction is defined for SRS-RSRP and CLI-RSSI measurements. The number of restricted symbols before the measurement resource depends on the assumption on the constant offset.

Proposal 5: Re-use the ‘Infinity’ value in L3-RSRP report mapping for SRS-RSRP to indicate ‘too strong signal to measure’, and add the same value for CLI-RSSI report mapping.
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