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1 Introduction
In this paper, we discuss issues of limitation on MO configuration and the definitions of intra-frequency and inter-frequency for CSI-RS L3 measurement. We provide our view on the FFS issues as well as possible compromise to move forward.
2 Discussion
Limitation on MO configuration
The main discussion in previous 2 meetings is on whether to have a further limitation on same BW in the same MO configuration. In our understanding, such a limitation is required in RAN4 standardisation work in order to keep reasonable workload. 
Without such a limitation, it could happen that some CSI-RS configurations are completely within UE’s active BWP and some are larger than UE’s BWP, as shown in Figure 1. In that case, some of the CSI-RS should be measured within gap and some can be measured outside gap, even if they are all configured in the same MO. This implies the need of measurement gap becomes CSI-RS configuration specific, rather than MO specific. Allowing this flexibility means that the existing SSB-based requirement framework (e.g., CSSF) cannot be re-used and the spec will be complicated. Also, we do not think RAN4 still have the time to create a new requirement framework.
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[bookmark: _Ref37108426]Figure 1. When the CSI-RS configurations in the same MO have different BWs

[bookmark: _Ref37109439][bookmark: _Ref37110662]Proposal 1: In order to keep reasonable workload, RAN4 requirements is only applicable when all CSI-RS resources in the same MO have the same center frequency, BW, SCS, CP type configured.

Intra/inter-frequency definition
Before going to the detail, we think RAN4 should first agree some high-level principle. One of the important principle to be discussed first is whether to have MO-specific definition for intra/inter-frequency. In our view, we should also consider MO-specific definition in order to leverage the SSB requirement framework as much as possible. Having a MO-specific definition requires that
1) The SSB and CSI-RS share the same intra/inter-frequency definition if both configured.
2) All CSI-RS configurations in the same MO share the same definition.
In our understanding, 2) is very straightforward if RAN4 already agrees the limitation to MO as Proposal 1. The additional discussion needed is on the relation between SSB and CSI-RS.
[bookmark: _Ref37110664]Proposal 2: All CSI-RS configurations in the same MO share the same intra/inter-frequency definition.

According to TS38.331, there is a signaling call servingCellMO, which is used to indicate whether the MO is a serving cell MO. The intention of this indication is to clearly telling UE which MO to be used when evaluating events related to serving cell: A1 (serving becomes better than threshold), A2 (serving becomes worse than threshold), A3 (neighbour becomes offset better than SpCell), … etc. Otherwise, UE may be taking CSI-RS with the same cell ID as its serving cell but in a wrong MO in event evaluation. This signaling is essentially important to make the feature work, especially in the case that the CSI-RS resources in different MOs are overlapping with UE’s DL active BWP. The field description is captured below. To make it easier for reading, we reconstruct the structure into bullets.
	servingCellMO
measObjectId of the MeasObjectNR in MeasConfig which is associated to the serving cell. For this MeasObjectNR, the following relationship applies between this MeasObjectNR and frequencyInfoDL in ServingCellConfigCommon of the serving cell: 
· if ssbFrequency is configured, 
· its value is the same as the absoluteFrequencySSB and 
· if csi-rs-ResourceConfigMobility is configured, 
· the value of its subcarrierSpacing is present in one entry of the scs-SpecificCarrierList, 
· csi-RS-CellListMobility includes an entry corresponding to the serving cell (with cellId equal to physCellId in ServingCellConfigCommon) and 
· the frequency range indicated by the csi-rs-MeasurementBW of the entry in csi-RS-CellListMobility is included in the frequency range indicated by in the entry of the scs-SpecificCarrierList. 



Recall that the very fundamental rule to determine whether a specific measurement is intra-frequency is on whether the measurement can be conducted at the same time with serving cell. Therefore, it is very clear that if an MO is indicated as servingCellMO, then it should always be an intra-frequency MO, because the CSI-RS transmitted by UE’s serving cells are provided in this MO. Note that this indication is also MO-specific, which means SSB and CSI-RS should share the same definition if both are configured. Therefore, once network indicates a certain MO as a serving cell MO, then the measurement on the SSB and all CSI-RS resources in this MO should be considered as intra-frequency measurement. In this way, the definition of intra-frequency avoids contradiction between RAN2 and RAN4 specs.
[bookmark: _Ref23623818]Proposal 3: The SSB and CSI-RS configured in the same MO share the same intra/inter-frequency definition.
Proposal 4: To avoid contradiction between RAN2 and RAN4 specs, 
· if an MO is indicated as servingCellMO, then it should always be an intra-frequency MO
· if an MO is not indicated as servingCellMO, then it should not be an intra-frequency MO.

Regarding the BW between CSI-RS and active BWP, in our view, this is not about the intra and inter frequency definition, but about the need of gap. We agree that eventually what really matters is whether the measurement is conducted outside or within gap. However, the discussion of intra and inter definition is still needed at least for the measurement definition in TS38.215 and measurement capability in TS38.133. Anyhow, there are still total 4 scenarios to be discussed:
· Scenario A: Intra-frequency measurement without gap
· Scenario B: Intra-frequency measurement with gap
· Scenario C: Inter-frequency measurement without gap
· Scenario D: Inter-frequency measurement with gap
In our view, RAN4 can prioritize Scenarios A and D, and leave Scenarios B and C as low priority for future enhancement. If the scope is still too large for RAN4 to finalize the WI in time. We suggest to focus on only serving cell CSI-RS measurement requirements for intra-frequency layer. Focusing on serving cell can also help avoid the discussion on the additional accuracy requirement for timing misaligned CSI-RS, e.g., CSI-RS comes more than CP/2 later than UE’s FFT timing.
[bookmark: _Ref23623811]Observation 1: The intra-frequency definition has nothing to do with whether the CSI-RS is completely within the DL active BWP or not.
[bookmark: _Ref37412609]Observation 2: To guarantee the WI can be finalized in time, RAN4 may need to consider down scope the scenarios.
[bookmark: _Ref23623825]Proposal 5: To guarantee the WI can be finalized in Rel-16, RAN4 only defines requirements for one of the following options
· Option 1: intra-frequency measurement without gap and inter-frequency measurement with gap
· Option 2: serving cell CSI-RS measurement without gap

To align the definition of SSB, it is also very important to check the time domain configuration of CSI-RS. As we know, intra-frequency SMTC could be fully-overlapping, fully non-overlapping and partial overlapping with gap. And the different SSB based requirements have been specified correspondingly. In our view, it is not necessary to re-open the discussions on whether the CSI-RS is fully-overlapping, fully non-overlapping and partial overlapping with gap. At the same time, RAN4 should try to avoid the cases such as the SSB is fully overlapped by gap but the CSI-RS in the same MO is fully non-overlapped by gap. If this scenario is allowed, then the current framework of CSSF needs to be changed. 
A very simple way to avoid this is to mandate the CSI-RS resource to occur only within the SMTC of the same MO. In other words, the UE behavior for CSI-RS measurement can be exactly the same as SSB measurement, e.g., if SSB is partially overlapped by gap, then so is CSI-RS. In this way, we can minimize the further work on specification directly re-using the CSSFs defined for SSB in CSI-RS based L3 measurement without creating new terminologies or changing the existing framework in spec. At the same time, UE’s measurement scheduling for SSB can be directly applied for CSI-RS. We see this limitation should be very straightforward at least for inter-frequency measurement because gap pattern already puts a certain limitation in the time domain configuration of the CSI-RS resources.
[bookmark: _Ref23623830]Proposal 6: The inter-frequency requirement is only applicable when in time domain all CSI-RS resources in that MO should occurs only within the SMTC duration of the same MO, and both SSB and CSI-RS based measurement are configured in the same MO.

In Figure 2, we provide the examples for different CSI-RS configurations which are within the same MO with the SMTC. If all 3 CSI-RS are treated as intra-frequency, then how to derive the CSSF value for this carrier would be very complicated because SSB and CSI-RS #1 are partially overlapped with gap, CSI-RS #2 is fully non-overlapped with gap and CSI-RS #3 is fully overlapped with gap. Another benefit of keeping CSI-RS within SMTC is in FR2, where the scheduling restriction needs to be considered for all L3 measurements because UE is allowed to use rough beam. Allocating L3 CSI-RS outside of SMTC will lead to additional scheduling restriction which degrades the throughput of the system.
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[bookmark: _Ref20509255]Figure 2. Some examples for how to determine intra or inter frequency for CSI-RS based L3 measurement in time domain.  

Another situation we try to avoid is illustrated in Figure 3. RAN4 needs to spend some extra-long time to re-define the ‘carrier’ specific scaling factor (CSSF). For an example, the numbers of MOs competing for the same gap occasions are different for the SSB and CSI-RS of frequency f3.
[image: ] 
[bookmark: _Ref24106084]Figure 3. More examples on how to decide CSSF if there is no time-domain restriction between SMTC and CSI-RS configurations.  

In slide 7 of WF [1], 2 cases were mention. One of them is that CSI-RS of serving cell is not configured. In our view, we should leave it as no requirement, because it contradicts to RAN2 procedures. According to Section 5.5.3 of TS38.331, UE always has to perform serving cell measurement if measConfig is provided. Furthermore, if UE is configured with CSI-RS based L3 measurement, UE has to derive serving cell measurement results based on CSI-RS. 
[bookmark: _Ref31550950]Proposal 7: : No requirement is defined if CSI-RS of serving cell is not configured.
	1>	whenever the UE has a measConfig, perform RSRP and RSRQ measurements for each serving cell for which servingCellMO is configured as follows:
2>	if the reportConfig associated with at least one measId included in the measIdList within VarMeasConfig contains an rsType set to ssb and ssb-ConfigMobility is configured in the measObject indicated by the servingCellMO:
3>	if the reportConfig associated with at least one measId included in the measIdList within VarMeasConfig contains a reportQuantityRS-Indexes and maxNrofRS-IndexesToReport and contains an rsType set to ssb:
4>	derive layer 3 filtered RSRP and RSRQ per beam for the serving cell based on SS/PBCH block, as described in 5.5.3.3a;
3>	derive serving cell measurement results based on SS/PBCH block, as described in 5.5.3.3;
2>	if the reportConfig associated with at least one measId included in the measIdList within VarMeasConfig contains an rsType set to csi-rs and CSI-RS-ResourceConfigMobility is configured in the measObject indicated by the servingCellMO:
3>	if the reportConfig associated with at least one measId included in the measIdList within VarMeasConfig contains a reportQuantityRS-Indexes and maxNrofRS-IndexesToReport and contains an rsType set to csi-rs:
4>	derive layer 3 filtered RSRP and RSRQ per beam for the serving cell based on CSI-RS, as described in 5.5.3.3a;
3>	derive serving cell measurement results based on CSI-RS, as described in 5.5.3.3;



3 Summary
In this paper, we provide our view on the issue of intra and inter frequency definition for CSI-RS based L3 measurement. We have the following observations and proposals:
Observation 1: The intra-frequency definition has nothing to do with whether the CSI-RS is completely within the DL active BWP or not.
Observation 2: To guarantee the WI can be finalized in time, RAN4 may need to consider down scope the scenarios.
Proposal 1: In order to keep reasonable workload, RAN4 requirements is only applicable when all CSI-RS resources in the same MO have the same center frequency, BW, SCS, CP type configured.
Proposal 2: All CSI-RS configurations in the same MO share the same intra/inter-frequency definition.
Proposal 3: The SSB and CSI-RS configured in the same MO share the same intra/inter-frequency definition.
Proposal 4: To avoid contradiction between RAN2 and RAN4 specs, 
· if an MO is indicated as servingCellMO, then it should always be an intra-frequency MO
· if an MO is not indicated as servingCellMO, then it should not be an intra-frequency MO.
Proposal 5: To guarantee the WI can be finalized in Rel-16, RAN4 only defines requirements for one of the following options
· Option 1: intra-frequency measurement without gap and inter-frequency measurement with gap
· Option 2: serving cell CSI-RS measurement without gap
Proposal 6: The inter-frequency requirement is only applicable when in time domain all CSI-RS resources in that MO should occurs only within the SMTC duration of the same MO
Proposal 7: : No requirement is defined if CSI-RS of serving cell is not configured
4 Reference
[1] R4-2002257, “WF on CSI-RS configuration and intra/inter-frequency measurements definition for CSI-RS based L3 measurement”, CATT

image3.emf
SMTC SMTC SMTC SMTC

Intra-f1

Intra-f1

CSI-RS #1

CSI-RS #3

GAP GAP

CSI-RS #2

SMTC SMTC

Inter-f2

Inter-f2

GAP GAP

SMTC SMTC

Inter-f3

Inter-f3

f1: CSI-RS is a subset of SMTC.

f2: SMTC is a subset of CSI-RS.

f3: SMTC and CSI-RS are disjoint.


image1.emf
CSI-RS #1

CSI-RS #2

CSI-RS #3

UE’s active DL BWP

Freq


image2.emf
SMTC SMTC SMTC SMTC

intra

intra

CSI-RS #1

CSI-RS #2

CSI-RS #3

GAP GAP


