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Introduction
[bookmark: _Ref178064866]In RAN2#99, the following agreements were reached for a measurement object for a carrier that has SSB, agreement number 3, and for a carrier that does not have SSB, agreement number 2. 

Agreements
1	There is one NR-ARFCN per MO

2	For measurements of carriers where SSB is not present (measurements performed on CSI-RS):
i	MO includes CSI-RS resources for L3 mobility measurements; and
ii	MO includes some indication that no SSB is provided on this carrier.
FFS Where the UE acquires timing reference for making measurements in this carrier. E.g. can UE assume timing reference from one of its serving carriers (for CA case), or does the MO include a pointer to another carrier with SSB for obtaining timing reference.

3	For measurements of carriers where SSB is present:
	If SSB is not located in the centre of the carrier, then offset to the ARFCN provides the location in frequency of the SSB within that carrier. 
FFS Whether the MO has only one SSB or whether the MO can include the location of more than one SSB.

Agreements above relate to a single BWP in which case the NR ARFCN would be the centre of the BWP. Case of multiple BWPs is FFS

In RAN2#99bis, the following agreements were reached under measurement configuration:


Agreements
1 cellIndividualOffset in MO is enough, no need for the cell offset in report configuration.

FFS How MO can be used in the case of a location of the SSB is distant in frequency from the CSI-RS resources to be measures. (e.g. is it possible to configure an MO with no SSB and to reference another MO for the SSB that provides timing reference, or SSB configuration is provided in every MO, etc)
=>	We will revisit decision on MO containing a centre frequency plus offset to locate the SSB frequency when RAN4 has concluded discussion of the measurement raster.
=>	Check within the RRM TP how the UE identifies the CSI-RS resources from those configured in the MO for the serving cell for the purpose of RRM measurement. 


In RAN2#99bis, the following agreements were reached under impacts for BWPs AI, where some relevant agreements are highlited:
Agreements for BWP operation in CONNECTED mode:
1:	BWP impacts on the CONNECTED mode will be progressed by Dec 17.  Impacts to IDLE mode/INACTIVE mode UEs will be discussed with SA after Dec 17.
2a:	RRC signalling supports to configure 1 or more BWPs (both for DL BWP and UL BWP) for a serving cell (PCell, PSCell). 
2b	RRC signalling supports to configure 0, 1 or more BWPs (both for DL BWP and UL BWP) for a serving cell SCell (at least 1 DL BWP) (impact of SUL still to be discussed)
3	For a UE, the PCell, PSCell and each SCell has a single associated SSB in frequency (RAN1 terminology is the is the 'cell defining SSB')
4	Cell defining SS block can be changed by synchronous reconfiguration for PCell/PSCell and SCell release/add for the SCell.
5	Each SS block frequency which needs to be measured by the UE should be configured as individual measurement object (i.e. one measurement object corresponds to a single SS block frequency).
6	The cell defining SS block is considered as the time reference of the serving cell, and for RRM serving cell measurements based on SSB (irrespective of which BWP is activated).

=>	Can be discussed after Dec 17 or in a future release whether further optimisation is needed for change of SS block location in frequency (but with no change to PCI and no change in SFN) to be changed by RRC reconfiguration of physical layer parameters with no L2 involvement.

In this contribution, we address the FFS points of the above agreements.
MO reference point
RAN2 has defined in RAN2#99 that a MO is defined by NR-ARFCN. Additionally, RAN2 agreed that MO should include frequency offset to point to an SSB as SSB might not be at the centre of NR-ARFCN. This is a nice definition as it keeps the LTE principle of defining MO as (G)ARFCN. In RAN2#99bis it was stated that the MO definition is revisited when RAN4 has concluded discussion on the measurement raster. RAN4 agreed on a way forward [5] for the SCS based channel raster which states:
· Raster will be based on absolute frequency values
· The raster positions will be integer multiples of 15kHz for sub6 bands
· The raster positions will be integer multiples of 60kHz for mmWave range bands
· Options for numbering of the raster entries:
· Raster entries are band specific
· Raster entries are indexed from 0kHz
· Raster to subcarrier position mapping
· Raster points to the center of the channel 
· SC#0 of RB# NRB/2 for even number of RBs
· SC#6 of RB# floor(NRB/2)for odd number of RBs

It seems that to translate the channel raster in bits, there are two option how to do it as highlighted above. This task is up to RAN4 and currently not finished. One option is to use universal numbering from 0 Hz. Then, assuming 15 kHz raster from 0 to 24 GHz and 60 kHz raster from 24 to 86 GHz give 2.6 million numbers. This requires 22 bits. The LTE values are shown below and the number of bits is 18.
maxEARFCN                 INTEGER ::= 65535   -- Maximum value of EUTRA carrier frequency
maxEARFCN-Plus1            INTEGER ::= 65536   -- Lowest value extended EARFCN range
maxEARFCN2                INTEGER ::= 262143  -- Highest value extended EARFCN range

In LTE, the 18 bits is enough to point the UE where to find PSS/SSS/CRS, in NR approx. 22 bits and the offset indication to SSB frequency location is needed. Thus, there is incentive to look at the other option, where measurement object would directly indicate SSB frequency location. The DL physical layer design enables the SS and PBCH to be placed anywhere on the carrier. Figure 1 tries depicts the relation between the bandwidth of SSB (BW_PBCH) and the bandwidth of the whole BS carrier(BW_Config) which is called carrier resource blocks in 38.211. RAN1 has agreed that PBCH bandwidth is 20 PRB. It has previously been agreed in RAN1 that SS/PBCH block can be offset from the resource block grid and be anywhere on the subcarrier grid, which makes it possible to place a carrier anywhere on a subcarrier based channel raster, while at the same time have a sparse sync raster. 
[image: ]
Figure 1 SSB on the whole BS carrier
In [6], further details are explained but here we just refer that an estimated number of bits to describe an SSB position on a sync raster is around 13 bits. This is considerably less than 22 bits + offset indication for SSB and from this perspective looks like better option to define a measurement object than the NR-ARFCN(“GARFCN”). 

[bookmark: _Toc498657324]If the SSB location is given directly in the MO, the amount of bits needed is considerably less than with the current agreement on GARFCN and offset to SSB.
[bookmark: _Toc498657325]With this approach MO becomes agnostic to NR channel/carrier.

RAN1 had introduced the case where the whole BS carrier may have more than one SSB. As there is also always only one cell defining SSB from UE perspective, the other SSBs on that BS carrier are not cell defining SSBs. However, according to RAN2 agreement the other SSB can be the cell defining SSB from another UE perspective. As we can see, there might be a contradiction between RAN1 and RAN2 definition of this cell defining SSB that whether it is defined from UE or network perspective. From RAN2 perspective, synchronous reconfiguration is needed to change the cell defining SSB for a UE. This implies that MO can be given within the same BS carrier but for another SSB. This would be different from LTE, where only one MO can be given for a carrier. Therefore, in order to enable the synchronous reconfiguration to change the cell defining SSB based on measurement reports, we are proposing that unlike in LTE, in NR network may configure multiple MOs for the same carrier if the SSB frequency location is different. 
[bookmark: _Toc498651140][bookmark: _Toc498657150][bookmark: _Toc498657327]Network may configure UE with multiple MOs for the same carrier if the SSB frequency location is different.

Consequence of this is that actually UE can be configured with more than one MOs for its own serving cell frequency. The LTE rule that UE should always be configured with a MO on its serving cell frequency, would translate here that UE is always configured with a MO for the cell defining SSB for the serving cell.

[bookmark: _Toc498651141][bookmark: _Toc498657151][bookmark: _Toc498657328]In NR, UE is always configured with a MO for the cell defining SSB for the serving cell, if the serving cell has SSB.

[bookmark: _Toc485388589][bookmark: _Hlk485381978]In NR, there seems to be a concept of carrier/SCell/subband withouth SSB. RAN2 agreement number 2 refers to a carrier which does not have an SSB. A related parameter can be found in the RAN1 RRC parameters [4]
	Mobility related
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	New
	SSB-presence
	Indicate presence of SSBlock on an Scell



Additionally, in RAN1#AH_NR2 the following agreements were made regarding CSI-RS properties for RRM measurement for L3 mobility:
Agreements:
· Following CSI-RS properties for RRM measurement for L3 mobility are supported in NR
· Configurable periodicity (as already agreed)
· {5, 10, 20, 40, [80, 160]} ms are supported
· This does not mean periodicity will be configured per CSI-RS resource
· Configurable transmission bandwidth (as already agreed)
· FFS candidate values
· Configurable measurement bandwidth (as already agreed) and frequency location
· At least minimum carrier bandwidth for each frequency band/range and at least one additional wider bandwidth for each SCS (e.g., maximum UE bandwidth) are supported
· FFS other candidate values for wider bandwidth for each SCS
· Measurement of CSI-RS in subband/bandwidth part which may or may not contain SS Blocks is supported

In RAN2, we have the following FFS related to measurements based on CSI-RS for a BWP:
FFS Where the UE acquires timing reference for making measurements in this carrier. E.g. can UE assume timing reference from one of its serving carriers (for CA case), or does the MO include a pointer to another carrier with SSB for obtaining timing reference.

If the SCell, that is potential servin cell does not have SSB, and MO does not have reference to GARFCN, then RAN2 should discuss to what should the MO point to. In this case the UE would measure based on CSI-RS and the MO should be given the frequency location for the CSI-RS. Options are that in this case the MO has reference to GARFCN and then frequency offset to the CSI-RS is given, or MO gives nominal location of an SSB and given frequency offset to CSI-RS, or an absolute frequency position for CSI-RS can be given. 

[bookmark: _Toc498651142][bookmark: _Toc498657152][bookmark: _Toc498657329]A MO pointing to a “carrier” without SSB, discuss if a nominal location of the SSB is given and then an frequency offset to the CSI-RS resource.

If a nominal location of SSB can be given for carrier without SSB as the reference point, then it is feasible to define MO as SSB frequency location.

[bookmark: _Toc498657326]If a nominal location of SSB can be given for carrier without SSB as the reference point, then it is feasible to define MO as SSB frequency location.

Timing information and sync reference for a CSI-RS
Another point is how the timing information for the CSI-RS is given. The CSI-RS parameters include periodicity and offset but it is not clear what is the reference point to the slotConfigOffset.
[image: ]
In 38.211, there is Table 7.4.1.5.2-2 for the periodicity and offset but offset column does not have any values. Also there is comment from the editor: Table 7.4.1.5.2-2 “This is only the periodicity. Need to include the absolute location (offset to some fixed position, e.g. SFN).” This fixed position might be to the SFN of the cell which is measured, or to frame start of the SSB of that frequency. For either, UE might need the SSB timing configuration even if there is no SSB on that carrier. In LTE, the corresponding reference point is start of the DRS occasion.

[bookmark: _Toc498651143][bookmark: _Toc498657153][bookmark: _Toc498657330]RAN2 to discuss how timing information for the CSI-RS is given especially when MO is pointing to a carrier without SSB.

[bookmark: _Toc498651144][bookmark: _Toc498657154][bookmark: _Toc498657331]For serving cells that does not have SSB, UE is given MO for the nominal location for the SSB.

If proposal 5 is agreeable, we can define MO as the frequency location of SSB or nominal SSB.

[bookmark: _Toc498657155][bookmark: _Toc498657332]Define MO as the frequency location of SSB or nominal SSB.

Also the sync reference is missing when the carrier does not have SSB present. In this case, another SSB needs to be used. It is clear that UE cannot have PCell that does not have SSB which is also reflected in the RAN1 RRC parameter and related agreements. Thus it would be always SCell which may be without own SSB. Thus, UE could assume PCell SSB as the timing reference as the SSB less carrier would always synchronous to the SCell without SSB. Further, the sync reference could be another SCell which does have SSB. In principle, the sync source could be on another carrier but it is not clear which are such carriers that can be used for the sync source. Therefore, for December completion, we propose the serving cell sync source option as a default.

[bookmark: _Toc493785589][bookmark: _Toc494417900][bookmark: _Toc498657156][bookmark: _Toc498657333][bookmark: _Toc498651145]If a MO configures UE to measure from CSI-RS but SSBPresence parameter indicates SSB is not present, UE assumes PCell/SCell SSB as sync reference. 
Conclusion
[bookmark: _In-sequence_SDU_delivery]In section 2 we made the following observations:
Observation 1	If the SSB location is given directly in the MO, the amount of bits needed is considerably less than with the current agreement on GARFCN and offset to SSB.
Observation 2	With this approach MO becomes agnostic to NR channel/carrier.
Observation 3	If a nominal location of SSB can be given for carrier without SSB as the reference point, then it is feasible to define MO as SSB frequency location.

Based on the discussion in section 2 we propose the following:
Proposal 1	Network may configure UE with multiple MOs for the same carrier if the SSB frequency location is different.
Proposal 2	In NR, UE is always configured with a MO for the cell defining SSB for the serving cell, if the serving cell has SSB.
Proposal 3	A MO pointing to a “carrier” without SSB, discuss if a nominal location of the SSB is given and then an frequency offset to the CSI-RS resource.
Proposal 4	RAN2 to discuss how timing information for the CSI-RS is given especially when MO is pointing to a carrier without SSB.
Proposal 5	For serving cells that does not have SSB, UE is given MO for the nominal location for the SSB.
Proposal 6	Define MO as the frequency location of SSB or nominal SSB.
Proposal 7	If a MO configures UE to measure from CSI-RS but SSBPresence parameter indicates SSB is not present, UE assumes PCell/SCell SSB as sync reference.
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  --   Contains periodicity and slot offset for periodic/semi - persistent CSI - RS (see 38.211, section  x.x.x.x)      slotConfigPeriodicity           ENUMERATED {sf5, sf10, sf20, sf40, [sf80, sf160]},     slotConfigOffset             INTEGER (0..XX),  


