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1 Introduction
In Chongqing meeting, both RAN2 and RAN3 have made some progress regarding CSI-RS exchange via X2/Xn/F1.

RAN2 have confirmed the need of designing an inter-node message for CSI-RS transfer.
R2-1913734
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discussion
Rel-16
TEI16

- 
Huawei indicate that this is based on a R3 agreement. QC think we can anyway wait for R4 to specify requirements as this is useless without those. 

- 
ZTE think we can do this, and wonder why the new field is added instead of add in the existing configuration. 

· Agree to introduce this, need to improve the details

RAN3 sent an LS to RAN2 [1]:
	RAN3 would like to thank RAN2 for their LS reply in R3-194924/ R2-1911855 on how a serving NG-RAN node configures CSI-RS measurements of neighbour cells in its served UEs.

RAN3 agreed that:

· The cell’s CSI-RS configuration is exchanged between two gNBs in Xn Setup procedure and can be updated by NG-RAN node Configuration update procedure in NG-RAN scenario.

RAN3 kindly asks RAN2 to take above RAN3 decision into account and design the appropriate inter-node RRC container for supporting CSI-RS based mobility over Xn.
Furthermore, RAN3 also agreed to support CSI-RS configuration exchange over X2AP in EN-DC scenario for CSI-RS based mobility with SgNB initiated SN change. 

RAN3 would like to ask RAN2 to confirm the support of configuring NR cell CSI-RS measurements through E-UTRA Uu interface in RAN2 specifications, and update accordingly if necessary.


In this email discussion, we would like to discuss the remaining issues regarding CSI-RS inter-node message. Hopefully agreeable stage-3 design can be achieved.
2 Discussion
2.1 Scope of RAN2 work
Both RAN2 and RAN3 have confirmed the need of including CSI-RS resources in the inter-node message (FFS whether to design a new inter-node message or reuse the current MeasurementTimingConfiguration).

On top of that, in the coming LS [1], RAN3 asked whether RAN2 sees the need to support NR cell CSI-RS measurements configured by E-UTRA. If it is supported, corresponding procedures and signalling need to be added to TS 36.331. Therefore, we would like to collect companies’ views on this. Note that this is intended for Release-16.

Question 1: Do you support CSI-RS measurements towards NR cells configured by E-UTRA for R16?
	Company
	Yes/No
	Comments

	Huawei
	No
	SSB measurements can serve as a baseline for inter-RAT measurements configured by E-UTRA. Currently in TS 36.331, even NR serving cell measurements do not involve CSI-RS.
Adding CSI-RS based inter-RAT measurements to TS 36.331 needs extensive discussion. Since there is no separate TU for RRM measurement in R16, we prefer not to add this scenario and focus on the essential issues.

	ZTE
	No
	Similar view with Huawei. In addition, supporting CSI-RS measurement in LTE also involves RAN4 (i.e. define corresponding UE requirement), if this needs to be supported, we should ask RAN4 if they have sufficient time to study it in Rel-16. 

	Qualcomm
	No
	In RAN2#99b, we have agreed that LTE can only configured SSB based NR measurements. At this stage, we think it is sufficient to keep it in Rel-16:
· There is still no requirements for CSI-RS based RRM in RAN4. 

· This change will require a lot of ASN.1 change, which should be avoided at this stage of Rel-16

· RAN4 input is required which is conflicted with TEI principle, as ZTE pointed out. 

	Ericsson
	No
	

	Nokia
	No
	CSI-RS based inter-RAT measurement need RAN4 input thus can be considered in later phase.

	
	
	

	
	
	

	
	
	


In the LS, RAN3 also noted that they agreed to support CSI-RS configuration exchange over X2AP in EN-DC scenario for CSI-RS based mobility with SgNB initiated SN change. In our understanding, this is intended for the scenario where SgNB has no Xn interface with a neighbour gNB, therefore the CSI-RS resources of the gNB need to be transferred to the MeNB via X2 and forwarded to the SgNB (also via X2). From RAN2 perspective, apart from designing the inter-node message for CSI-RS resources, no other spec impact is foreseen.

Question 2: Apart from designing the inter-node message for CSI-RS resources (FFS whether to use a new message or reuse the existing MeasurementTimingConfiguration), is there any other spec impact to RAN2? If your answer is “yes”, please clarify the impact.
	Company
	Yes/No
	Comments

	Huawei
	No
	

	ZTE
	No
	The applicability of X2 or Xn only impacts RAN3 signalling. In RAN2, we can provide a single inter-node RRC message.

	Qualcomm
	No
	

	Ericsson
	No
	

	Nokia
	No
	

	
	
	

	
	
	

	
	
	


Question 3: Do we need a reply LS to RAN3?
	Company
	Yes/No
	Comments

	Huawei
	Yes
	We could inform RAN3 of the conclusion of Question 1. However, we are neutral on this, RAN3 could know RAN2 progress by the agreed CR of RAN2.


	ZTE
	Yes
	

	Qualcomm 
	Yes
	It is fine with us

	Ericsson
	Yes
	We can clarify the RAN2 outcome of Question-1 above.

	Nokia
	Yes
	

	
	
	

	
	
	

	
	
	


2.2 Detailed stage-3 design
Question 4: Do we need a new inter-node message for CSI-RS resources or reuse the current MeasurementTimingConfiguration?
· Option 1: new inter-node message;

· Option 2: reuse MeasurementTimingConfiguration.
	Company
	Option 1 or 2
	Comments

	Huawei
	Option 1
	We slightly prefer Option 1 because it facilitates RAN3 design.
In X2/Xn, MeasurementTimingConfiguration is transferred within NR served cell or neighbour cell information. In other words, PCI and CGI are always transferred alongside.

In F1, when DU informs CU of the SMTC of serving cell, MeasurementTimingConfiguration is included in served cell information. Similar to X2/Xn, PCI and CGI are also transferred. However, when CU informs DU of the SMTC of measured frequencies, it is included in CU to DU RRC Information, which does not contain PCI or CGI. Since SMTC is per-frequency whereas CSI-RS resources are per-cell, in this case, CGI should be added for CSI-RS resources, and only for CSI-RS resources. 

To be specific, RAN3 modification on CU to DU RRC Information could be:

Add a cell list in CU to DU RRC Information, each entry has a CGI, a point A and a CSI-RS container.

Since SSB transfer does not need a CGI in this case, we can leave MeasurementTimingConfiguration as it is in CU to DU RRC Information.

In this sense, we think option 1 is better.

	ZTE
	Option2
	Some considerations from our side:

1 In X2/Xn interface, MeasurementTimingConfiguration is per-cell transferred in RAN3 (e.g. served NR cell or neighbour cell), so it is straightforward to use the same message/container to transfer CSI-RS resource of each cell;
2 For DU to CU in F1 interface, as indicated by Huawei, the MeasurementTimingConfiguration included in “served cell information” can be used to deliver the CSI-RS resource of this serving cell, and the served cell information already includes PCI and CGI; 
3 For “CU to DU RRC Information” in F1 interface, the MeasurementTimingConfiguration container is used for assisting gap configuration. Although RAN2 haven’t discussed the gap coordination for CSI-RS based measurement, but so far we have following understandings:

· In (NG)EN-DC, the MTC container will not be used to transfer CSI-RS because MeNB cannot configure CSI-RS measurement. And the SN(SgNB) configured CSI-RS measurements are already included in “MeasConfig” in CU to DU RRC Information;
· Similarly, in NE-DC, the MTC container will not be used to transfer CSI-RS because SeNB cannot configure CSI-RS measurement. And the MN(MgNB) configured CSI-RS measurements are included in “MeasConfig” in CU to DU RRC Information;

· In NR-DC, the MgNB configured CSI-RS measurements are transferred via “MeasConfig”. For SgNB configured CSI-RS measurement, if gap is required and not provided before, SgNB needs to inform MgNB to provide gap configuration. However, it is unclear whether SN has to provide all measured CSI-RS resources to MN to facilitate this. Note that if we go for this solution, the CG-Config INM message should also be revised accordingly (e.g. introducing per-cell level CSI-RS resources). So at least for now, we cannot conclude MN CU will forward all “SN configured CSI-RS resources” to MN DU for gap generation. Therefore, MTC may not be used to transfer CSI-RS resources as well.
Based on above analysis, at least for now, reusing MeasurementTimingConfiguration seems a simpler and sufficient solution. Regarding the gap coordination for CSI-RS based measurement, it is too early to discuss it, and make decision based on it.

	Qualcomm
	Option 2
	In our understanding, MeasurementTimingConfiguration is a general message to include measurement timing, including all kinds of RS (e.g. existing SSB and CSI-RS for rel-16). We think it will be simpler to adopt option 2.


	Ericsson
	Option-2
	We think that using the MeasurementTimingConfiguration to transfer CSI-RS configuration is simple form RAN2 point of view. The CU-DU communication is something RAN3 needs to sort out and we should not be discussing those solutions. RAN3 can get back to RAN2 in case they find it difficult to transfer neighbouring CSI-RS information in MeasurementTimingConfiguration from CU to DU. 

Regarding the gap configuration for CSI-RS measurements, we agree with ZTE that it requires much larger discussions and should not be treated in this discussion.  

	Nokia
	Option 2
	Option2 is straightforward as a general message to include all kinds of RS.

	
	
	

	
	
	

	
	
	

	
	
	


In R2-1913734, we provided a TP for CSI-RS inter-node message (attached in the appendix). In the following question, we would like to collect companies’ views on which parameters to be transferred.
Question 5: Which parameters need to be included in the CSI-RS inter-node message?

	Company
	Comments

	Huawei
	Apart from the parameters in CSI-RS-Resource-Mobility, the following fields need to be added:
· subcarrier spacing

· start PRB and number of PRBs

· density
Note that PCI/CGI and point A can be included in X2/Xn/F1, therefore no need to add them in CSI-RS container.

	ZTE
	How about including the entire “CSI-RS-CellMobility” in INM? It would be ok to include PCI instead of listing each sub IEs. 

For example:

CSI-RS-Config-IEs ::=  SEQUENCE {

    subcarrierSpacing                   SubcarrierSpacing,
csi-rs-CellMobility                 CSI-RS-CellMobility,

refSSBFreq                          ARFCN-ValueNR
}
below the definition of CSI-RS-CellMobility in 38.331.
CSI-RS-CellMobility ::=             SEQUENCE {

    cellId                              PhysCellId,

    csi-rs-MeasurementBW                SEQUENCE {

        nrofPRBs                            ENUMERATED { size24, size48, size96, size192, size264},

        startPRB                            INTEGER(0..2169)

    },

    density                             ENUMERATED {d1,d3}                                                      OPTIONAL,   -- Need R

    csi-rs-ResourceList-Mobility        SEQUENCE (SIZE (1..maxNrofCSI-RS-ResourcesRRM)) OF CSI-RS-Resource-Mobility

}



	Qualcomm
	· All the parameters in CSI-RS-Resource-Mobility 
· SCS

	Ericsson
	It is straight forward to include the complete CSI-RS-CellMobility. We do not think including the cellID is going to increase the message size significantly. Therefore, it is okay to have this redundant information.  

	Nokia
	SCS and CSI-RS-CellMobility. 
For CSI-RS-CellMobility, we agree that including the redundant cellID is acceptable from message size point of view as mentioned by Ericsson.

	
	

	
	

	
	

	
	


Another issue is timing reference. Unlike SSB (which contains synchronization signals and SFN information), CSI-RS resources cannot provide timing information by itself. Therefore, CSI-RS resources may need to be associated to an SSB for timing reference. Since there is a list of SSBs in the MeasurementTimingConfiguration, it is uncertain whether RAN2 spec needs to clarify which SSB is used as timing reference.
Question 6: Do you think RAN2 should associate the CSI-RS resources to an SSB for timing reference? If you have any suggestion for the association, please clarify it.
	Company
	Yes/No
	Comments

	Huawei
	Yes
	From our perspective, the SS blocks transferred in the same inter-node message should be aligned in terms of timing. Therefore any of them could be used as timing reference. The simplest way could be: the timing of the CSI-RS resources is based on the SSB corresponding to the first instance in the MeasTimingList.


	ZTE
	Yes
	For wideband cell with multiple SSBs in freq domain, we agree they have the same absolute timing. But the SSBs may have different SMTC configuration, like different SSB-SCS, periodicity or SSBToMeasure bitmap. On sake of this, is it possible that the transferred CSI-RS resources will associate to a specific SSB? Not always the first entry in MeasTimingList.
In addition, for a cell without SSB (e.g. SCell only), the CSI-RS resources are based on the timing of another cell (which has SSB). We are wondering whether network may also exchange CSI-RS resources of this kind of cell to neighbour cells. If this is a valid use case, maybe it makes sense to indicate the referenced SSB frequency explicitly in INM (see the example in our response to Q5). 

	Qualcomm 
	Yes
	Since ASN.1 is not frozen, the simplest way is to explicitly indicate which SSB in MeasTimingList used for timing of CSI-RS.
For a cell without SSB, we don’t think it is a typical case. The signalling mentioned by ZTE seems to be complex. We think it is better to focus on typical scenario in Rel-16 TEI. Thus, we don’t need to consider the case of cell without SSB.

	Ericsson
	Yes
	For the case of multi SSBs (across frequencies) in a cell, we would prefer to have the option of including the CSI-RS resources referenced using different SSB configurations of the same cell not just the first instance of MeasTimingList.

Regarding the cells without SSBs, we think that the inclusion of refSSBFreq is not sufficient as one also needs to provide the PCI of that cell. The PCI provided within the CSI-RS-CellMobility is for identifying the PCI of the cell to which the configured CSI-RSs belong to. We do not know if this scenario itself needs to be treated now as SSB less cell scenario is a non-typical case as mentioned by Qualcomm.     



	Nokia
	Yes
	We prefer to explicitly indicate which SSB configuration for CSI-RS timing reference in MeasTimingList.
For a cell without SSB, we have the same view as Qualcomm to focus on typical scenario in Rel-16 TEI, and don’t need to consider the case now.

	
	
	

	
	
	

	
	
	

	
	
	


Companies may use the following table to raise any issues related to CSI-RS transfer that are not mentioned in this email discussion.

	Company
	Issue
	Comments

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


3 Conclusion

This contribution summarizes the email discussion on adding CSI-RS information into the inter-node message.

So far, five companies have expressed their opinions, as summarized below:

	Question
	Opinions collected
	Suggested way forward

	Question 1: Do you support CSI-RS measurements towards NR cells configured by E-UTRA for R16?
	All companies answered “no”.
	CSI-RS measurements towards NR cells configured by E-UTRA are not supported for R16.

	Question 2: Apart from designing the inter-node message for CSI-RS resources (FFS whether to use a new message or reuse the existing MeasurementTimingConfiguration), is there any other spec impact to RAN2? If your answer is “yes”, please clarify the impact.
	All companies answered “no”.
	The CR of this email discussion only deals with CSI-RS inter-node message.

	Question 3: Do we need a reply LS to RAN3?
	All companies answered “yes”.
	An LS will be sent to RAN3.

	Question 4: Do we need a new inter-node message for CSI-RS resources or reuse the current MeasurementTimingConfiguration?

· Option 1: new inter-node message;

· Option 2: reuse MeasurementTimingConfiguration.
	One company prefers Option 1, others prefer Option 2.
	Option 2 is adopted.

	Question 5: Which parameters need to be included in the CSI-RS inter-node message?
	The majority of companies prefer to include the CSI-RS-CellMobility and subcarrier spacing
	CSI-RS-CellMobility and subcarrier spacing are included in the inter-node message.

	Question 6: Do you think RAN2 should associate the CSI-RS resources to an SSB for timing reference? If you have any suggestion for the association, please clarify it.
	All companies are in favor of having the association. The majority of companies prefer to explicitly indicate the SSB used for timing reference, and not to consider the scenario where a cell has no SSB.
	The SSB used as timing reference is explicitly indicated. A cell without SSB is not considered.


Based on companies’ input, the following is proposed:

Proposal 1: CSI-RS measurements towards NR cells configured by E-UTRA are not supported for R16. And an LS will be sent to inform RAN3 of this agreement.
Proposal 2: CSI-RS configuration is added to the MeasurementTimingConfiguration, which includes at least:

· CSI-RS subcarrier spacing

· CSI-RS-CellMobility
· An indication of SSB used as timing reference
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5 Appendix
5.1 TP in R2-1913734

11.2.1
General

This clause specifies RRC messages that are sent either across the X2-, Xn- or the NG-interface, either to or from the gNB, i.e. a single 'logical channel' is used for all RRC messages transferred across network nodes. The information could originate from or be destined for another RAT.

-- ASN1START

-- TAG-NR-INTER-NODE-DEFINITIONS-START

NR-InterNodeDefinitions DEFINITIONS AUTOMATIC TAGS ::=

BEGIN

IMPORTS

    ARFCN-ValueNR,

    ARFCN-ValueEUTRA,

    CellIdentity,

    CGI-InfoEUTRA,

    CGI-InfoNR,

    CSI-RS-Index,


CSI-RS-Resource-Mobility,

    DRX-Config,

    EUTRA-PhysCellId,

    FreqBandIndicatorNR,

    GapConfig,

    maxBandComb,

    maxBands,

    maxCellSFTD,

    maxFeatureSetsPerBand,

    maxFreqIDC-MRDC,

    maxNrofCombIDC,

    maxNrofSCells,

    maxNrofServingCells,

    maxNrofServingCells-1,

    maxNrofServingCellsEUTRA,

    maxNrofIndexesToReport,

    maxSimultaneousBands,

    MeasQuantityResults,

    MeasResultCellListSFTD-EUTRA,

    MeasResultCellListSFTD-NR,

    MeasResultList2NR,

    MeasResultSCG-Failure,

    MeasResultServFreqListEUTRA-SCG,

    P-Max,

    PhysCellId,

    RadioBearerConfig,

    RAN-NotificationAreaInfo,

    RRCReconfiguration,

    ServCellIndex,

    SetupRelease,

    SSB-Index,

    SSB-MTC,

    SSB-ToMeasure,

    SS-RSSI-Measurement,

    ShortMAC-I,

    SubcarrierSpacing,

    UEAssistanceInformation,

    UE-CapabilityRAT-ContainerList

FROM NR-RRC-Definitions;

-- TAG-NR-INTER-NODE-DEFINITIONS-STOP

-- ASN1STOP

11.2.2
Message definitions

–
CSI-RS-Config
The CSI-RS-Config message is used to convey assistance information for CSI-RS resources.

Direction: en-gNB to eNB, eNB to en-gNB, gNB to gNB, gNB DU to gNB CU, and gNB CU to gNB DU.

CSI-RS-Config message

-- ASN1START

-- TAG-MEASUREMENT-TIMING-CONFIGURATION-START

CSI-RS-Config ::=      SEQUENCE {

    criticalExtensions                      CHOICE {

        c1                                      CHOICE{

            csi-rs-Config                          CSI-RS-Config-IEs,

            spare3 NULL, spare2 NULL, spare1 NULL

        },

        criticalExtensionsFuture        SEQUENCE {}

    }

}

CSI-RS-Config-IEs ::=  SEQUENCE {

    subcarrierSpacing                   SubcarrierSpacing,

    csi-rs-MeasurementBW                SEQUENCE {

        nrofPRBs                            ENUMERATED { size24, size48, size96, size192, size264},

        startPRB                            INTEGER(0..2169)

    },

    density                             ENUMERATED {d1,d3}                                                      OPTIONAL,   -- Need R

    csi-rs-ResourceList-Mobility        SEQUENCE (SIZE (1..maxNrofCSI-RS-ResourcesRRM)) OF CSI-RS-Resource-Mobility

    nonCriticalExtension                SEQUENCE {}                        











OPTIONAL

}

-- TAG-MEASUREMENT-TIMING-CONFIGURATION-STOP

-- ASN1STOP

	CSI-RS-Config field descriptions

	csi-rs-ResourceList-Mobility

Indicates the CSI-RS resources which can be used for RRM measurements. When the message is included in "Served NR Cell Information" (see TS 36.423 [37]), "Served Cell Information NR" (see TS 38.423 [35]), or "Served Cell Information" (see TS 38.473 [36]), the timing is based on the cell for which the message is included. When the message is included in "NR Neighbour Information" (see TS 36.423 [37]), or "Served Cell Information" (see TS 38.423 [35]), the timing is based on the cell indicated in the "Served NR Cell Information" or "Served Cell Information NR" with which the "NR Neighbour Information" or "Neighbour Information NR" is provided. When the message is included in "CU to DU RRC Information", the timing is based on the cell indicated by SpCell ID with which the message is included.
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