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1 Introduction
In this paper, we discuss issues the definitions of intra-frequency and inter-frequency for CSI-RS L3 measurement. A WF [1] was agreed in last meeting with agreements as well as open issues for further study. 
	· FFS the SSB and CSI-RS configured in the same MO share the same intra/inter-frequency definition
· When CSI-RS resource of serving cell is available
· CSI-RS based intra-frequency measurement: a measurement is defined as a CSI-RS based intra-frequency measurement provided that:
· the SCS of CSI-RS on the serving cell and neighbor cell is the same, and
· the CP type of CSI-RS on serving cell and target cell is the same, and
· It is applied for SCS = 60KHz
· Option 1 (Intel, MTK, Huawei, Apple, OPPO)
· the centre frequency of CSI-RS resources on the target cell configured for measurement is the same as centre frequency of CSI-RS resource on the serving cell indicated in servingCellMO
· Option 2 (ZTE, QC, CATT, NEC, Nokia, DOCOMO)
· the centre frequency of CSI-RS resources on the target cell configured for measurement is the same as centre frequency of CSI-RS resource on the serving cell
· Common understanding: centre frequency of CSI-RS resource on the serving cell is indicated in servingCellMO
· CSI-RS based inter-frequency measurement: a measurement is defined as a CSI-RS based inter-frequency measurement if it is not a CSI-RS based intra-frequency measurement
· When CSI-RS resource of serving cell is not available
· Option 1: All MO are inter-frequency (ZTE, vivo, Apple, CATT, NEC, DOCOMO)
· Option 2: No requirement is applied (Apple, Nokia, CATT, Qualcomm, MTK)
· Other options are not precluded
· Define intra-frequency requirements for the scenarios
· all CSI-RS resources in the same MO have the same BW 
· the BW of the CSI-RS on the neighbor cell is within the active BWP of the UE
· FFS: No requirement is defined when the BW of intra-MO is different from that of the CSI-RS resources configured for the serving cell in Rel-16 
· Define inter-frequency requirements for the scenarios
· all CSI-RS resources in the same MO have the same BW 
· FFS the BW of the CSI-RS on the neighbor cell is not completely contained or within in the active BWP of the UE


We provide our views on the FFS issues in this paper.
· Issue 1: Whether the SSB and CSI-RS configured in the same MO share the same intra/inter-frequency definition
· Issue 2: Whether intra-frequency MO should be the one indicated as servingCellMO
· Issue 3: How to handle the case when CSI-RS resource of serving cell is not available
· Issue 4: Whether no intra-frequency requirement is defined when the BW of intra-MO is different from that of the CSI-RS resources configured for the serving cell in Rel-16
· Issue 5: How to handle the case when the BW of the CSI-RS on the neighbor cell of an inter-frequency layer is not completely contained or within in the active BWP of the UE
2 Discussion
Issue 1: Whether the SSB and CSI-RS configured in the same MO share the same intra/inter-frequency definition

In another agreed WF [2] in last meeting, RAN4 agreed to only introduce requirements for CSI-RS with associated SSB. 
	Agreement
· Requirements shall be defined when CSI-RS is configured with an associated SSB. 
· No requirements in Rel-16 for the case associatedSSB is not configured for CSI-RS



SSB should be used for CSI-RS measurement in order to provide timing information for CSI-RS measurement. From our understanding, UE needs to use the SSB configured in the same MO with the CSI-RS to do so. It would be very strange to allow CSI-RS and SSB to have different intra and inter-frequency definitions. E.g., before UE measures an intra-frequency CSI-RS, UE has to check the timing of an inter-frequency SSB.

Another aspect is that we see from TS38.331 that the servingCellMO is configured by MO ID without differentiation between SSB and CSI-RS. 
ServingCellConfig ::=               SEQUENCE {
// some inrelevant IEs skipped.    
    servingCellMO             MeasObjectId                     OPTIONAL,   -- Cond MeasObject
}
If SSB and CSI-RS are configured in the same MO indicated as servingCellMO, both SSB and CSI-RS configurations need to follow the rule in TS38.331 as follows.
	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.


In this case, if an MO is indicated as a servingCellMO, UE can expect that it can measure both serving cell SSB and serving cell CSI-RS based on the information provided in this MO. Since MO with serving cells should always be an intra-frequency layer, RAN4 should have only one definition of intra or inter-frequency shared by SSB and CSI-RS in the same MO.


The 3rd aspect to be considered is that allowing CSI-RS and SSB to have different definitions of intra and inter-frequency will increasing the number of inter-frequency layers to be measured. The more inter-frequency layers UE has to measure, the longer the measurement delay of each individual frequency layer is expected.

[bookmark: _Ref39936249]Observation 1: Reason to have same intra and inter-frequency definition for CSI-RS and SSB
· For CSI-RS with associated SSB, those associated SSB should have the same intra or inter-frequency definition with the CSI-RS
· The indication of servingCellMO is configured by MO ID without differentiation between SSB and CSI-RS.
· Allowing CSI-RS and SSB to have different definitions of intra and inter-frequency will increasing the number of inter-frequency layers to be measured and longer the measurement delay of each layer.
[bookmark: _Ref39936257]Proposal 1: Same intra and inter-frequency definition should be applied for CSI-RS and SSB in the same MO.

Issue 2: Whether intra-frequency MO should be the one indicated as servingCellMO

The indication of servingCellMO is to help UE to find the SSB or CSI-RS transmitted from UE’s serving cell. Recalling that the very fundamental definition of intra-frequency measurement is the measurement that UE can do at the same time when UE is measuring its serving cell. In that sense, undoubtedly, the MO indicated as servingCellMO should always be an intra-frequency layer.

Then it comes to the question that whether to allow an MO which is not indicated as servingCellMO to be an intra-frequency layer as well. One argument to allow this is that 92 CSI-RS configuration is insufficient for network deployment. If we assume one cell has 64 CSI-RS configurations and UE needs to be configured with 7 cells (including its serving cells and all surrounding 6 neighboring cells), UE has to be configured with 448 CSI-RS per frequency layer. 
· [Signaling overhead] Five MOs are needed to configure just one single frequency layers to a UE. This signaling overhead is so huge, especially for the case that UE has multiple intra-frequency layers and/or multiple inter-frequency layers to be configured.
· [RS overhead] Transmitting 64 CSI-RS in 15KHz means there is so going to be a 6ms duration for CSI-RS transmission. This is far longer than the duration needed for SSB. (And we do not believe 64 CSI-RS per cell is required in FR1.) Furthermore, if this set of 64 CSI-RS is going to be transmitted every 20ms, then the throughput of the network is expected to be degraded significantly. 
· [Scheduling restriction] For FR2, because of the scheduling restriction due to rough beam for L3 measurement, UE is allowed to skip data transmission and reception on the OFDM symbol carrying CSI-RS. Therefore, 1 cell with 64 CSI-RS is going to introduce scheduling restriction on 64 symbols. If we considers 7 cells again, there will be up to 448 OFDM symbols (up to 32 slots) with scheduling restriction. 

Therefore, we do not think transmitting 64 CSI-RS for every cell is really a good choice for network deployment. In FR1, we expect the real number of CSI-RS to be transmitted should be far less than 64, e.g., same as the number of SSBs. In this case, 64 CSI-RS can already support the signaling for at least 8 cells. In FR2, configuring CSI-RS for L3 measurement has another problem. As we know, the very advantage of CSI-RS over SSB is that UE can observe the interference caused by neighboring cell PDSCH from CSI-RS REs. However, scheduling restriction is going to eliminate this advantage.

[bookmark: _Ref39936252]Observation 2: Configuring and transmitting a large number of CSI-RS per cell has the following problem:
•	Large signaling overhead
•	Large RS overhead
•	Large number of OFDM symbols with scheduling restriction.

Based on above discussion, we see that there is no intention to allow an MO which is not indicated as servingCellMO to be an intra-frequency layer. In other words, an MO which is not indicated as servingCellMO should not be treated as an intra-frequency layer.

[bookmark: _Ref39936253]Observation 3: There is no intention to allow an MO which is not indicated as servingCellMO to be an intra-frequency layer.
[bookmark: _Ref39934195][bookmark: _Ref39936259]Proposal 2: An MO which is not indicated as servingCellMO should not be treated as an intra-frequency layer

Issue 3: How to handle the case when CSI-RS resource of serving cell is not available

If Proposal 2 is agreed, then resolving Issue 3 becomes very easy. The indication of servingCellMO tells UE where to find the RS transmitted by UE’s serving cell. Therefore, before we discuss how to handle the case when CSI-RS resource of serving cell is not available, we should check if this MO is indicated as servingCellMO or not.

If an MO is indicated as servingCellMO, existing RAN2 procedure tells us that the CSI-RS resource of serving cell should always be configured. 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. 
	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;


Therefore, if CSI-RS resource of serving cell is not available in an MO indicated as servingCellMO, then there should be no requirement. 

On the other hand, if the MO is not indicated as a serving cell MO, then it should already be treated as an inter-frequency MO. For an inter-frequency MO, all CSI-RS resources belong to neighboring cells. Therefore, there is no point to further discuss whether the CSI-RS resource of serving cell is configured or not.

[bookmark: _Ref39936261]Proposal 3: If the MO is configured as servingCellMO, no requirement if CSI-RS resource of serving cell is not available. If the MO is not configured as servingCellMO, it is already an inter-frequency MO and there is no point to discuss whether the CSI-RS resource of serving cell is configured or not.

Issue 4: Whether no intra-frequency requirement is defined when the BW of intra-MO is different from that of the CSI-RS resources configured for the serving cell in Rel-16

RAN4 already agreed that the BW of CSI-RS in the MO should be all the same. The only way to introduce a different BW to an intra-frequency layer is to configure a different MO to the same intra-frequency layer. However, since only one MO indicated as servingCellMO is an intra-frequency layer. This scenario should not exist in Rel-16.
 
[bookmark: _Ref39936263]Proposal 4: RAN4 does not need to further discuss whether to define intra-frequency requirement when the BW of intra-MO is different from that of the CSI-RS resources configured for the serving cell in Rel-16.

Issue 5: How to handle the case when the BW of the CSI-RS on the neighbor cell of an inter-frequency layer is not completely contained or within in the active BWP of the UE
This discussion relates to the scope RAN4 is going to specify the requirement for this WI. In our view, due to limited time to finalize this work, RAN4 should only work on the requirements of intra-frequency measurement without gap and inter-frequency measurement with gap. In other words, all inter-frequency layers are to be measured with gap, no matter the BW of the CSI-RS is not completely contained or within in the active BWP of the UE. 
Since the progress of this WI is rather behind, another thinking is to only work on the requirement based on CSI-RS from serving cell. In this case, RAN4 can even get rid of any intra-frequency and inter-frequency discussion as well as the discussion of synchronization assumptions.
[bookmark: _Ref39936264]Proposal 5: In Rel-16, RAN4 should only work on the requirements of intra-frequency measurement without gap and inter-frequency measurement with gap.
[bookmark: _Ref39936266]Proposal 6: All inter-frequency layers are to be measured with gap, no matter the BW of the CSI-RS is not completely contained or within in the active BWP of the UE.
[bookmark: _Ref40004006]Proposal 7: To accommodate the late progress, RAN4 can consider to define only requirements for serving cell measurement. So that all the discussions of intra and inter frequency as well as synchronization assumption can be skipped. 
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: Reason to have same intra and inter-frequency definition for CSI-RS and SSB 
· For CSI-RS with associated SSB, those associated SSB should have the same intra or inter-frequency definition with the CSI-RS
· The indication of servingCellMO is configured by MO ID without differentiation between SSB and CSI-RS.
· Allowing CSI-RS and SSB to have different definitions of intra and inter-frequency will increasing the number of inter-frequency layers to be measured and longer the measurement delay of each layer.
Observation 2: Configuring and transmitting a large number of CSI-RS per cell has the following problem: 
•	Large signaling overhead
•	Large RS overhead
•	Large number of OFDM symbols with scheduling restriction.
Observation 3: There is no intention to allow an MO which is not indicated as servingCellMO to be an intra-frequency layer.
Proposal 1: Same intra and inter-frequency definition should be applied for CSI-RS and SSB in the same MO.
Proposal 2: An MO which is not indicated as servingCellMO should not be treated as an intra-frequency layer
Proposal 3: If the MO is configured as servingCellMO, no requirement if CSI-RS resource of serving cell is not available. If the MO is not configured as servingCellMO, it is already an inter-frequency MO and there is no point to discuss whether the CSI-RS resource of serving cell is configured or not.
Proposal 4: RAN4 does not need to further discuss whether to define intra-frequency requirement when the BW of intra-MO is different from that of the CSI-RS resources configured for the serving cell in Rel-16.
Proposal 5: In Rel-16, RAN4 should only work on the requirements of intra-frequency measurement without gap and inter-frequency measurement with gap.
Proposal 6: All inter-frequency layers are to be measured with gap, no matter the BW of the CSI-RS is not completely contained or within in the active BWP of the UE.
Proposal 7: To accommodate the late progress, RAN4 can consider to define only requirements for serving cell measurement. So that all the discussions of intra and inter frequency as well as synchronization assumption can be skipped.
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