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1 Introduction

In Rel-15 NR SSB periodicities higher than LTE have been agreed, with a default periodicity of 20 ms (LTE has 5 ms default periodicity). 

For cell selection the SS Block default periodicity (expected by UE for initial access) is 20 ms. The signaling periodicity remains configurable and can be set to any value among [5, 10, 20, 40, 80, 160 ms].
For Cell Re-selection, depending on the scenario:

· Intra-frequency cell reselection: a single SSB periodicity value is broadcasted within NR SIB2, referred to as “smtc” of type SSB-MTC (as described in TS 38.331)

· Inter-frequency cell reselection: a single SSB periodicity value is broadcasted within NR SIB4 per frequency, referred to as “smtc” of type SSB-MTC (as described in TS 38.331)

· Inter-RAT cell reselection (4G to 5G): a single SSB periodicity value is broadcasted within the LTE SIB24 to assist inter-RAT cell reselection. The single value is referred to as “measTimingConfig” in SIB24 per frequency (as described in TS36.331)
2 Discussion on issues

The operator might want to set SSB periodicity differently on different cells (on the same or different frequencies) for power consumption reasons (in order to be able to switch-off of radio components to get closer to “zero watt for zero load”). It is a concept of Advanced Sleep Modes as described in [1]. We illustrate below the issues that an operator may encounter with two scenarios of interest. 

· Intra-frequency scenario:

For further analysis and illustration of the concept, we assume an operator has a 5G coverage at 3.5 GHz made of macro and small cells. The macro cells provide a coverage layer while the small cells provide a capacity layer that we want to activate only when it is needed. As a result, the SSB periodicity of the cells belonging to the capacity layer are set to the maximum value, i.e., 160ms while the coverage cells are configured with the default periodicity, i.e., 20ms. Let us assume that a coverage cell has among its neighbour cells at 3.5 GHz, a few capacity cells. Since with current specifications only a common SSB periodicity can be configured in the cell reselection parameters within SIB, the operator will have to set this single SSB periodicity value in SIB2 to 160ms. In that case, the UE will have to wait the end of a 160ms search window before concluding that any given cell is not eligible due to low Reference Signal Receive Power (RSRP) associated to its SSB transmission. It leads to extra UE battery consumption and re-selection delay. If, on the other hand the operator decided to set the common SSB periodicity in SIB2 to 20 ms, the UE would likely miss the capacity cell.
· Inter-frequency scenario:


For further analysis and illustration of the concept, we assume an operator has a 5G coverage layer at 700 MHz and a 5G capacity layer at 3.5 GHz. Most of the capacity layer cells are configured with 20ms SSB periodicity while a few, tagged as ASM cells, have a longer SSB periodicity (these cells are selected at times when their traffic is low). Let us assume a 700 MHz cell, with, among its neighbour cells at 3.5 GHz, an ASM cell with 160ms SSB periodicity. Since with current specifications only a common SSB periodicity can be configured in the cell reselection parameters within SIB, the operator will have to set this single SSB periodicity value in SIB4 to 160ms. In that case, the UE will have to wait the end of a 160ms search window before concluding that any given cell is not eligible due to low Reference Signal Receive Power (RSRP) associated to its SSB transmission. It leads to extra UE battery consumption and re-selection delay. If, on the other hand the operator decided to set the common SSB periodicity in SIB4 to 20 ms, the UE would likely miss the ASM cell.

Observation 1: Current broadcast of SSB periodicity is lacking granularity at cell level which might lead to higher UE battery consumption, reselection delay and inefficient cell re-selection.
In the deployment scenarios mentioned above another issue will arise - long cell selection & reselection time to camp on the expected 5G cell because cells with higher periodicity than the default one might be missed by the UE in cell selection process, in which case UEs may need to select another 5G or 4G cell before reselecting the best 5G cell. Consequently, the cell reselection process will take more time. The UE will need to decode the SIBs related to cell reselection (SIB2, SIB3 and SIB4 in 5G, SIB24 in 4G).

Observation 2: Long cell selection & reselection time to camp on the expected 5G cell will be experienced when different layers have different SSB periodicities.

3 Proposed solutions

The cell reselection process could be accelerated if the UE was instructed by SIB on some cell-specific SSB periodicities greater than the default one. The common periodicity would then apply only to the other cells (whose SSB periodicity is not given by cell specific information in SIB). The overall cell search process will be enhanced in terms of latency and will reduce UE energy consumption. In addition, if the cells are synchronized, the UE can be provided with both the cell-specific SSB periodicities and the time locations, which will further speed up the overall cell search process. 

It is therefore proposed to add the following fields for any neighbour cell identified by its Physical Cell Id: 

Proposal 1: For more efficient inter-RAT cell re-selection from 4G, add within LTE SIB24:
· The SSB periodicity of the target cell(s)  

· In case of synchronous deployment between the source cell and the target cell(s), add a field with the time location of the SSB of the target cell(s).

Proposal 2: For more efficient intra-frequency cell re-selection from 5G, add within SIB3:

· The SSB periodicity of the target cell(s)  

· In case of synchronous deployment between the source cell and the target cell(s), add a field with the time location of the SSB of the target cell(s).

Proposal 3: For more efficient inter-frequency cell re-selection from 5G, add within SIB4:

· The SSB periodicity of the target cell(s)  

· In case of synchronous deployment between the source cell and the target cell(s), add a field with the time location of the SSB of the target cell(s).
The cell selection of the target 5G cell could be more efficient (time and energy wise) if the UE was instructed immediately during the cell selection process, while reading SIB1, that it should look for a specific 5G cell with a given SSB periodicity. 

This enhancement is particularly useful for collocated deployments, with the only targeted cell being the 5G cell with the highest priority and collocated with 4G and 5G cells on other bands. Given the scarce resources of SIB1, it is not expected in practice to declare more than 1 target (collocated) cell.

It is proposed to add the following fields for one collocated 5G cell: 

Proposal 4: For more efficient inter-frequency cell selection from 5G add within NR SIB1:

· The DL carrier frequency of the target 5G cell identified by its GSCN

· The Physical Cell Id of the target 5G cell

· The SSB periodicity of the target 5G cell

· In case of synchronous deployment between the source cell and the target cell, add a field with the time location of the SSB of the target cell.

Proposal 5: For more efficient inter-RAT cell selection from 4G to 5G add within LTE SIB1:
· The DL carrier frequency of the target 5G cell identified by its GSCN

· The Physical Cell Id of the target 5G cell  

· The SSB periodicity of the target 5G cell  

· In case of synchronous deployment between the source cell and the target cell, add a field with the time location of the SSB of the target cell.

4 Conclusion

In this contribution, we discussed the issue of inefficient cell selection and reselection in the case of different SSB periodicities set on different cells and frequency layers..
Observation 1: Current broadcast of SSB periodicity is lacking granularity at cell level which might lead to higher UE battery consumption, re-selection delay and inefficient cell re-selection.

It is proposed to add the following fields for any neighbour cell identified by its Physical Cell Id: 

Proposal 1: For more efficient inter-RAT cell re-selection from 4G add within LTE SIB24:

· The SSB periodicity of the target cell(s)  

· In case of synchronous deployment between the source cell and the target cell(s) add a field with the time location of the SSB of the target cell(s).

Proposal 2: For more efficient intra-frequency cell re-selection from 5G add within SIB3:

· The SSB periodicity of the target cell(s)  

· In case of synchronous deployment between the source cell and the target cell(s), add a field with the time location of the SSB of the target cell(s).

Proposal 3: For more efficient inter-frequency cell re-selection from 5G add within SIB4:

· The SSB periodicity of the target cell(s)  

· In case of synchronous deployment between the source cell and the target cell(s), add a field with the time location of the SSB of the target cell(s).

Observation 2: Long cell selection & reselection time to camp on the expected 5G cell will be experienced when different layers have different SSB periodicities.

It is proposed to add the following fields for one collocated 5G cell: 

Proposal 4: For more efficient inter-frequency cell selection from 5G add within NR SIB1:

· The DL carrier frequency of the target 5G cell identified by its GSCN

· The Physical Cell Id of the target 5G cell

· The SSB periodicity of the target 5G cell

· In case of synchronous deployment between the source cell and the target cell add a field with the time location of the SSB of the target cell.

Proposal 5: For more efficient inter-RAT cell selection from 4G to 5G add within LTE SIB1:

· The DL carrier frequency of the target 5G cell identified by its GSCN

· The Physical Cell Id of the target 5G cell  

· The SSB periodicity of the target 5G cell  

· In case of synchronous deployment between the source cell and the target cell add a field with the time location of the SSB of the target cell.
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