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1      Introduction
In RAN2#101, it has been agreed that SN will send configured frequencies information to MN for gap coordination for per UE gap and FR1 gap. In addition, MN will send configured frequencies information to SN for FR2 gap configuration. The agreements are:
Agreements

1) 
For per-UE gap and independent FR1 gap case, SN indicates to MN the list of SN configured frequencies measured by UE. 

2) 
For independent FR2 gap case, MN indicates to SN the list of MN configured frequencies measured by UE.

3) 
Information can be exchanged whenever there is any change in the set of frequencies to be measures.

FFS: Whether any information in addition to the frequencies to be measured is needed for the purpose of handling CSI-RS measurements.

However, it was discussed if additional information is needed for CSI-RS measurement handling. In this contribution, we discuss different scenarios for CSI-RS measurement.  
2      Discussion

During RAN2#101 meeting, some companies discuss frequencies information is not enough for gap coordination between MN and SN. Below, we discuss different CSI-RS configuration cases.
Below is the current NR measurement gap configuration. Current measurement gap MGRP values are 20, 40, 80 or 160ms. And maximum MGL is 6ms. 
GapConfig ::=




SEQUENCE {



gapOffset 




INTEGER (0..159), 


mgl 






ENUMERATED {ms1dot5, ms3, ms3dot5, ms4, ms5dot5, ms6},



mgrp 





ENUMERATED {ms20, ms40, ms80, ms160},

}

And the current SSB configuration is as follow:
-- A measurement timing configuration

SSB-ConfigMobility ::= 
SEQUENCE {

TEXT OMITTED



























-- Primary measurement timing configuration. Applicable for intra- and inter-frequency measurements. 


smtc1








SEQUENCE {



-- Periodicity and offset of the measurement window in which to receive SS/PBCH blocks. 



-- Periodicity and offset are given in number of subframes.



-- FFS_FIXME: This does not match the L1 parameter table! They seem to intend an index to a hidden table in L1 specs. 



-- (see 38.213, section REF):



periodicityAndOffset




CHOICE {




sf5









INTEGER (0..4),




sf10








INTEGER (0..9),




sf20








INTEGER (0..19),




sf40








INTEGER (0..39),




sf80








INTEGER (0..79),




sf160








INTEGER (0..159)



},



-- Duration of the measurement window in which to receive SS/PBCH blocks. It is given in number of subframes 



-- (see 38.213, section 4.1)



duration







ENUMERATED { sf1, sf2, sf3, sf4, sf5 }


},


-- Secondary measurement timing confguration for explicitly signalled PCIs. It uses the offset and duration from smtc1.


-- It is supported only for intra-frequency measurements in RRC CONNECTED. 


smtc2 








SEQUENCE {



-- PCIs that are known to follow this SMTC.



pci-List







SEQUENCE (SIZE (1..maxNrofPCIsPerSMTC)) OF PhysCellId

OPTIONAL, 
-- Need M


-- Periodicity for the given PCIs. Timing offset and Duration as provided in smtc1.



periodicity







ENUMERATED {sf5, sf10, sf20, sf40, sf80, sf160, spare2, spare1}


}






















OPTIONAL -- Cond IntraFreqConnected

}

Note that SSB periodicity are 5, 10, 20, 40, 80 and 160ms. Due to UE retuning time in different frequency, RAN4 also agrees that to add timing advance of 0.25ms or 0.5ms for RF retuning based on different frequency to avoid the UE missing the SSB measurement. 
Now, let’s look at CSI-RS configuration:
CSI-RS-Resource-Mobility ::=


SEQUENCE {


csi-RS-Index






CSI-RS-Index,


-- Contains periodicity and slot offset for periodic/semi-persistent CSI-RS (see 38.211, section x.x.x.x)FFS_Ref


slotConfig







CHOICE {


ms4









INTEGER (0..31),



ms5









INTEGER (0..39),


ms10








INTEGER (0..79),



ms20








INTEGER (0..159),



ms40








INTEGER (0..319)


},

TEXT OMITTED

The periodicity of CSI-RS can be configured to 5, 10, 20 or 40ms. 

Now let’s look at an example shown in Figure 1 where a UE serving frequency is f1 and configured to perform inter-frequency measurement on f2 and f3/f4. Assume the measurement gap is configured to measure SSB on f2 where the offset is align with the SSB on f2. If the UE is configured to measure f2 and f3, with a single measurement gap, the UE cannot measure the entire CSI-RS on f3 due to the longest measurement length is 6ms. If the UE is configured to measurement f2 and f4, since CSI-RS on f4 are within the measurement window, therefore, the UE can measure both f2 and f4 using a single measurement gap. 
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Figure 1: Example of SSB and CSI-RS signals in different frequency

Observation 1: With a single measurement gap, the UE can only measure multiple frequencies if the SSB and CSI-RS are within the measurement window.
Observation 2: The UE can only measure both SSB and CSI-RS with a single measurement gap if CSI-RS is almost align with SSB since measurement window for Rel15 is 6ms.
Proposal 1: CSI-RS information is not needed for MN and SN coordination in Rel15 for single measurement gap.
RAN4 is currently discussing if CSI-RS will be used for RRM in Rel15. Even if it is supported, the CSI-RS will need to be sent within the measurement window for the UE to measure with a single measurement gap.

Here let’s look at another example shown in Figure 2. In this example, network has sent both SSB and CSI-RS on both f2 and f3. However, SSB and CSI-RS within the same frequency may not be aligned or even overlap even though we shows they are overlap as an example. In this example, if only frequency information is exchanged between MN and SN for coordination on f2 and f3, there may be some ambiguity on measurement gap configuration. In this example, since SSB on f2 and f3 are not aligned, the network will not know which offset to use to configure measurement gap. For example, there are two measurement configurations:

· Configuration 1: SSB on f2 and CSI-RS on f3

· Measurement gap window indicated in black should be used 

· Configuration 2: CSI-RS on f2 and SSB on f3

· Measurement gap window indicated in red should be used   
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Figure 2: Example of both SSB and CSI-RS signals in frequency f2 and f3
Using the example above, at least indication of SSB or CSI-RS configuration on that frequency to be measured should be added in the MN and SN so the network can configure the measurement gap correctly.
· Option1: per configuration of CSI-RS and in case of SSB, it will be only frequency

· Option2: prefer measurement window: MGL and offset

· Option3: indication of whether the gap is aligned with SSB or CSI-RS per frequency

Proposal 2: Indication of either SSB or CSI-RS to be measured per frequency is exchanged for MN and SN measurement coordination.
In case the network configure both SSB and CSI-RS on the same frequency, it can be assumed that at least for Rel15, they will be align, so SSB can be indicated by the network on that frequency.

Proposal 3: SSB is indicated for Rel15 if both SSB and CSI-RS are configured to be measured on the same frequency. 

3      Conclusion 
Observation 1: With a single measurement gap, the UE can only measure multiple frequencies if the SSB and CSI-RS are within the measurement window.

Observation 2: The UE can only measure both SSB and CSI-RS with a single measurement gap if CSI-RS is almost align with SSB since measurement window for Rel15 is 6ms.
Proposal 1: CSI-RS information is not needed for MN and SN coordination in Rel15 for single measurement gap.
Proposal 2: Indication of either SSB or CSI-RS to be measured per frequency is exchanged for MN and SN measurement coordination.
Proposal 3: SSB is indicated for Rel15 if both SSB and CSI-RS are configured to be measured on the same frequency. 
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