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1. Introduction & Background

In past RAN2 meetings, there were very few discussions about the idle mode procedure due to the timeline for the EN-DC. Generally we think the basic procedure and priciple in LTE can be reused here in NR. However, NR introduces some new mechanisms, such as different definition of intra- and inter frequency, bandwidth part in a CC. Also, some new agreements were made in RAN1 for initial access and BWP which may also have some impacts for the idle mode procedure.
In this contribution, we mainly focus on the basic issues of procedure for idle mode measurement and camping, as well as reselection criterion and intra/inter frequency definition.
2. Discussion
2.1. Cell selection 
In LTE cell selection, UE will search for the best cell on each frequency till the UE finds a suitable cell, in which the S-Criterion is satisfied. The S-Criterion is defined as follow in TS 36.304
Srxlev > 0 AND Squal >0

Where: 

  Srxlev = Qrxlevmeas – (Qrxlevmin + Qrxlevminoffset) – Pcompensation - Qoffsettemp
  Squal = Qqualmeas – (Qqualmin + Qqualminoffset) - Qoffsettemp

The detailed meaning of each parameter is defined in 5.2.3.2 in TS 36.304.The Qrxlevmeas represents the measured cell RX level value (RSRP), and the Qrxlevmin represents the minimum required RX level in the cell. In NR, it is still not clear how to derive the idle mode cell level measurement considering the beams. However in NR, we think at least the similar mechanism as in LTE, Srxlev > 0 AND Squal >0, as well as the definition of Qrxlevmeas/ Qrxlevmin/ Qqualmeas/ Qqualmin can be reused. Similar S-Criterion in LTE can be reused in NR, with the similar definition of cell level qualities. In RAN1 agreement, a UE is assumed to associate to a single SSB in a cell, in which the SSB is called the cell defining SSB. 
Agreements:
· From UE perspective, a cell is associated with a single SS block

· Note: The cell defining SS block has an associated RMSI

· Note: From the RAN1 perspective, the cell defining SS block could for example be used for 

· Common PRB indexing

· Scrambling

· Etc.

Also, the cell defining SS block has an associated RMSI. In idle state, the UE at least needs to know the broadcast information in RMSI. So when the UE camps on a cell, it should find the cell defining SSB to acquire the RMSI. Thus, considering the selection and camping behaviour, noted that RAN1 has the following agreement approved by email:
Agreements:
· For an SSB on the sync raster, the indication of no associated RMSI is done using reserved value(s) in SSB-subcarrier-offset. If no RMSI present, RMSI-PDCCH-Config is used to signal the next sync raster that UE should search for cell-defining SSB.

When UE performs the evaluation on a frequency, UE performs the measurement on cells of this frequency. As depicted in Figure 1, when the candidate cell2 fulfils the S-Criterion, UE tries to camp on cell2 and finds that in F1 the SS block has no RMSI present, and then a next carrier frequency to search indicator is used to guide the UE to a cell defining SSB that UE may camp on.
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Proposal 1: When UE perform the initial cell selection measurement, UE is assumed to measure the SSBs on a certain frequency regardless whether it is the cell defining SSB in all the cells.
Proposal 2: During initial cell selection procedure, for each cell searched, UE may take the next carrier frequency to search signalled in MIB of the cell into account, if available. 

When UE camps on a cell, cell defining SSB should associate with one RMSI, with which UE is able to read the broadcast information, for RACH and paging procedures. The RACH related procedure is in our contribution[1], the paging part is in our another contribution[2]. Considering where is the proper frequency location for the UE to camp, RAN1 has addressed the location where the RMSI CORESET in TS 38.213[3] section 13 and RAN1 90bis has the following:
Agreements:
· The initial active DL BWP is defined as frequency location and bandwidth of RMSI CORESET and numerology of RMSI.

· PDSCH delivering RMSI are confined within the initial active DL BWP
Proposal 3: UE always camps on the initial active DL BWP which contains RMSI CORESET resource indicated by the CD-SSB
2.2. Cell reselection 
2.1.1 Principles
In the SI phase [4], some fundamental principles as in LTE were agreed for NR cell reselection:
The following cell reselection methods as specified in TS 36.304 [15] are applicable based on the corresponding parameters broadcast while the UE is camping on a cell in NR:

-
Intra-frequency reselection is based on ranking of cells.

-
Inter-frequency reselection is based on absolute priorities.

-
Inter-RAT reselection can be also based on absolute priorities.
-
Frequency specific cell reselection parameters common to all neighbouring cells on a frequency;

-
Service specific prioritisation;
From what was captured above, we think the basic cell reselection criterion in LTE can be reused in NR

Proposal 4: NR should support frequency-based priorities for cell reselection.
Proposal 5: Frequency-based priorities should be used for inter-frequency and inter-RAT cell reselection.
When the UE performs measurement and it founds several cells which satisfy the quality threshold, similar ranking mechanism in LTE can be used in NR
Proposal 6: The UE shall perform ranking mechanism for intra-frequency cell reselection.
Proposal 7: The UE shall perform ranking mechanism for the inter-frequency measurements with the same priority.
2.1.2  Measurement and camping
In RAN4 agreement and what was captured below in 38.331[1]
The network may configure the UE to perform the following NR measurements, based on different RS types SS/PBCH Block or CSI-RS:

-
SS/PBCH Block based intra-frequency measurements: measurements at SSB(s) of neighbour cell(s) where both the center frequency(ies) and subcarrier spacing are the same as each serving cell defining SSB.

-
SS/PBCH Block based inter-frequency measurements: measurements at SSB(s) of neighbour cell(s) that have different center frequency(ies) or different subcarrier spacing compared to each serving cell defining SSB.
-
CSI-RS based intra-frequency measurements: measurements at CSI-RS(s) resource(s) of configured neighbour cell(s) whose bandwidth(s) are within the bandwidth(s) of the CSI-RS resource(s) on the serving cell(s) configured for measurements and having the same subcarrier spacing of the CSI-RS resource(s) on the serving cell(s) configured for measurements. 

-
CSI-RS based inter-frequency measurements: measurements at CSI-RS(s) resource(s) of configured neighbour cell(s) whose bandwidth(s) are not within the bandwidth(s) or having different subcarrier spacing compared to the CSI-RS resource(s) on the serving cell(s) configured for measurements.

· For the cell reselection configuration in the broadcast information, what does the inter and intra-frequency mean?
SS block is used for idle measurement. Generally the centra frequency of the SSB is the frenquency indicated by the broadcast information. According to RAN1 agreement as below
Agreements:
· NR supports NW adaptation and indication of SCS used for SS/PBCH block for NSA carrier access

· RAN1 assumes that NSA carrier is the carrier that UE cannot access without NW assistance information

· UE can assume a single subcarrier spacing of SS/PBCH block per frequency carrier

· In case that target NSA carrier is in below 6 GHz range, 

· NW can adapt either 15 kHz or 30 kHz SCS for SS/PBCH block transmission, and NW can indicate selected SCS for SS/PBCH block transmission to UE

· In case that target NSA carrier is in between 6 GHz and 52.6 GHz range, 

· NW can adapt either 120 kHz or 240 kHz SCS for SS/PBCH block transmission, and NW can indicate selected SCS for SS/PBCH block transmission to UE

· If there is no indication on SCS used for SS/PBCH block transmission on target NSA carrier, UE assumes default SCS for SS/PBCH block transmission
Agreements:

· For both sub-6 and above-6, reduce the PBCH to X PRB per symbol and add Y PBCH PRBs to SSS symbol with no other redesign

· Working assumption: 

· X=20 

· Y=2*(24-X) 

· Same mapping rule(frequency-first, time-second) for data and DMRS is applied

· Working assumption: The same DMRS density in the PBCH PRB in the SSS symbols is assumed 

· For sub-6: Single SCS assumption with the exception of bands with LTE/NR DL coexistence and 5 MHz minimum bandwidth (band 5 and band 66)

· For above-6: RAN1 assumes a single SCS per band. If dual SCS is deemed critically necessary by RAN4 for a band, the total number of hypothesis shall not be increased, or insignificantly increased compared to single SCS

· After initial cell selection, the UE is expected to find a single SCS per frequency layer

· (Working assumption) The EPRE offset between SSS RE and PBCH DM-RS RE is 0 dB

The highlighted parts assume a single SCS of SSB per frequency after the initial cell selection. That is to say, the case that different numerologies to be measured in the same frequency does not exist at all. Then the intra-frequency only indicates the same central frequency and the inter-frequency does not include the case in which the central frequency of the SSB are the same but the numerology is different. 
Proposal 8: For inter-frequency cell reselection, it does not include the case in which the central frequency of the neighbor cell SSB are the same as the cell defining SSB but the numerology is different.
· How to handle UE reselects to a SSB without RMSI
In the above mentioned intra and inter frequency definition, the reference is the serving cell defining SSB. But it is not very clear whether it’s possible to set a neighbor cell’s CD-SSB differs from the serving cell, as in Figure 2
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According to above RAN1 agreement of cell defining SSB, next carrier frequency to search indicator for RMSI resource and the initial DL BWP, if the case in Figure 2 is possible, there are at least two problems:
1. Should neigbour cell2 (which is not the CD-SSB in the intra frequency F1) be measured?
2. If cell2 is measured and selected as the target cell for cell reselection, what will happen?
Regarding the first question, we think it should be measured according to the intra frequency mearsurement definition as below. Although it is for connect mode measurement, idle mode measurement can also reuse this concept.
measurements at SSB(s) of neighbour cell(s) where both the center frequency(ies) and subcarrier spacing are the same as each serving cell defining SSB.
Proposal 9: When UE performs measurement for reselection, UE is assumed to measure the same frequency as the CD-SSB of the serving cell regardless whether it is the cell defining SSB in neighbour cells.
Regarding the second question, we rewrite RAN1 agreement which has just mentioned above: 
Agreements:
· For an SSB on the sync raster, the indication of no associated RMSI is done using reserved value(s) in SSB-subcarrier-offset. If no RMSI present, RMSI-PDCCH-Config is used to signal the next sync raster that UE should search for cell-defining SSB.
Measurment and camping procedures are performed in a row. As illustrated in Figure 3, if neighbour cell2 measurement result fullfills all the criterion in frequency F1 and UE decides to try to reselect to cell2, once the UE reads the MIB of cell2 and finds no RMSI present, and then follows the RMSI-PDCCH-Config guidance to find a cell defining SSB. Finally the UE camps on the frequency F2 where locates the CD-SSB of cell2. However, the different frequencies has different channel qualities, maybe the original camping cell SSB in F2 fullfill all the criterion in reselection. Thus, ping pong reselction occurs and it could not be solved by any hysteresis ranking in LTE. As can be easily inferred, inter-frequency also has this potential ambiguity. The frequency priority indication will be a mess due to this problem.
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Observation 1: Ping pong reselection due to SSB without RMSI is a potential risk.
Of course this problem can be avoided by network deployment, in which the NW will indicate the frequency to be measured always with CD-SSB. Basically, we think some approaches can be considered:
· Alt1: Limit the NW always configures the indicated frequency with CD-SSB in every cell

· Alt2: UE always takes the CD-SSB measurement result as for the ranking, but this may lead to the confusion of the dedicated frequency priority.
Proposal 10: RAN2 to discuss whether the next carrier frequency to search indicator can be used in cell reselection, as this will cause the pingpong reselection issue due to the SSB without RMSI.
3. Conclusion

In this contribution, we mainly discussed the idle mode basic procedure and principles. First we analyze the cell selection and have the following proposals: 
Proposal 1: When UE perform the initial cell selection measurement, UE is assumed to measure the SSBs on a certain frequency regardless whether it is the cell defining SSB in all the cells.
Proposal 2: During initial cell selection procedure, for each cell searched, UE may take the next carrier frequency to search signalled in MIB of the cell into account, if available.
Proposal 3: UE always camps on the initial active DL BWP which contains RMSI CORESET resource indicated by the CD-SSB
Considering the cell reselection, regarding the idle mode measurement and camping, some general principle as in LTE

Proposal 4: NR should support frequency-based priorities for cell reselection.
Proposal 5: Frequency-based priorities should be used for inter-frequency and inter-RAT cell reselection.
Proposal 6: The UE shall perform ranking mechanism for intra-frequency cell reselection.
Proposal 7: The UE shall perform ranking mechanism for the inter-frequency measurements with the same priority.
Proposal 8: For inter-frequency cell reselection, it does not include the case in which the central frequency of the neighbor cell SSB are the same as the cell defining SSB but the numerology is different.
Proposal 9: When UE performs measurement for reselection, UE is assumed to measure the same frequency as the CD-SSB of the serving cell regardless whether it is the cell defining SSB in neighbour cells.
According to the newly approved agreement, we have the following observation
Observation 1: Ping pong reselection due to SSB without RMSI is a potential risk.
So, to clarify this, we propose

Proposal 10: RAN2 to discuss whether the next carrier frequency to search indicator can be used in cell reselection, as this will cause the pingpong reselection issue due to the SSB without RMSI.
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Figure � SEQ Figure \* ARABIC �1� initial cell selection procedure





Figure � SEQ Figure \* ARABIC �2� CD-SSB not within the same frequency.





Figure � SEQ Figure \* ARABIC �3� camping procedure, ping pong may occur
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