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1. Introduction

In RAN2#105, it has been agreed as follows,
	Agreements 

1
RAN2 to evaluate the feasibility to relax the serving and neighbour cell measurements for NR UE.   RAN2 should consider the mobility related aspects when studying the feasibility of relaxing measurements


Mobility impact to relax RRM measurement is required to be considered in RAN2. Directly relaxing measurement brings power saving gains but also sacrifices the mobility performance in probability. An ideal way is to relax RRM measurement under some conditions with limited mobility impact or even no mobility impact. 
In this contribution, we discuss RRM optimization in the frequency domain with updates compared to R2-1900602 as follows. 

· Update the background.

· Update section 2.1 and proposal 1 to clarify the relationship between power saving and mobility performance.
· Update section 2.2 and proposal 2 to add details of how to reduce the measurement sets of SSBs, cells and frequencies. 
2. Discussion
From TR 38.840[1], RAN1 evaluates the power saving gains for reducing intra-frequency measurement and inter-frequency measurement, where the evaluation results is concluded as follows,

	Observation:

-
For adapting/relaxing RRM measurement for intra-frequency measurement by reducing the number of measured cells, the followings are observed from simulation results, 

-
By assuming number of neighbouring cells to be measured is reduced, it is shown that about 4.7% - 7.1% power saving gain can be observed if reducing the number of measured cells for IDLE state. 1 source shows that about 1.8% - 21.3% power saving gain can be observed if reducing the number of measured cells for CONNECTED state.

-
In additional to that, by also assuming that UE can limit the processing for measurement within a constrained time period and/or with reduced complexity,  26.43% - 37.5% power saving gain is shown. 
-
The corresponding performance impact was not reported and summarized
Observation:

2 sources show that reducing the number of measured inter-frequency layers can provide 21~38% power saving gain for RRC CONNECTED states, and 1 source shows 4%-35% power saving gain for RRC IDLE states by assuming reducing inter-frequency layers from 6 to 3. The mobility performance impact is not provided.


From the conclusion of RAN1’s evaluation, we have the following observation.
Observation: Both reducing number of intra-frequency neighbour cell measurement and inter-frequency neighbour cell measurement can bring considerable power saving gain.
2.1
Limiting the number of SSBs, cells and frequencies in RRM and Idle mode measurement

From a RAN 2 perspective, for UEs in Idle/Inactive mode, the SSBs, neighbour cells and frequencies are provided in SIB, and for UE in Connected mode, the measured SSBs, frequencies and cells are provided in the MO of measurement configuration. UE needs to measure sets of SSBs from one cell, neighbour cells and neighbour frequencies for mobility, e.g., cell reselection/handover. UE detects frequencies provided by network but only parts of them are useful. For each frequency, UE detects and monitors all the detected cells, but only parts of them are useful for cell reselection or reporting. For example, for UEs in Connected mode, even though a large number of detected cells are measured, the number of neighbour cells reported is limited, as defined by the field maxReportCells in ReportConfigNR. For each cell, UE measures all the detected beams, but only parts of them are useful for cell reselection or reporting. For example, for UEs in Connected mode, even though a large number of beams are measured, the number of beams reported is limited, as defined by the field maxNrofRS-IndexesToReport in ReportConfigNR. These unnecessary detection and monitoring results in unnecessary additional power consumption. However, if directly reduce the number of measurement sets, the mobility performance may be affected. Take cell reselection as an example. If some frequencies or cells are not measured, for example cell 1, UE will not reselect to the cell 1. If cell 1 is the best cell for UE to camp on. This means UE’s mobility performance is affected in this case. 
To reduce the mobility impact to the lowest, gNB can limit the number of the detected or monitored SSBs/cells/frequencies and keep monitoring the SSBs/cells/frequencies with high ranking. For example,  3 highest ranking cells are monitored until the channel becomes worse than a threshold. This helps UE to sacrifice less mobility performance in probability to save more power considering the trade-off between power saving and mobility impact. 
Proposal 1: RAN2 to consider reducing the measured sets of SSBs, cells and frequencies considering the trade-off between power saving and mobility impact.
2.2
Reducing measured SSBs, cells and frequencies through use of additional information

Directly reducing the measurement SSBs of one cell may affect the evaluation of the neighbour cells, and directly reducing the measurement neighbour cells and neighbour frequencies may result in performance degradation on cell reselection/handover, e.g., delay, increase HO failure rate. Therefore, it should be carefully considered how to reduce the measured sets reducing mobility impact or even without mobility impact.

Since the power saving gain is never free, if we only reduce the measurement sets without any information input, the power saving gain is at the cost of mobility performance degradation. If the degradation on mobility performance is not acceptable, some additional information can be used to limit mobility performance impact. UE knows many additional information about itself, such as the directional information of reference signals, the mobility state, the handover history or cell reselection history. If the network can broadcast some assistance information, autonomous SSBs cell and frequency filtering in detection/measurement can be performed by the UE.  
Directional information of reference signals

For example, SSB/CSI-RS index can be used to identify different beams. Since the beam naturally contains some directional information, it can be used to identify the location of the UE within a cell. Employing this additional information from SSB/CSI-RS index can help reduce the number of measured SSBs, cells or frequencies. 
For the measured beams of neighbour cell, as shown in Fig. 2, the UE has to measure all the beams of cell 2 if no SSBtomeasure is configured.  When SSBtomeasure is configured, UE will measure the specific beam with the index indicated. This helps UE to shrink the range of measured beams according to the cell specific parameter. However, when UE is in the coverage of a specific beam, the beams to measure for a neighbour cell may be different.
Since the SSB index provides some location or directional information, if the Network can provide some assistance information, for example the association between SSB index and SSBtomeasure, the UE can employ this “location” information provided by SSB index to reduce the measured beams for neighbour cells.  For example, when UE is in the coverage of beam 4 of the serving cell, the SSB to be measured of cell 2 is beam 6, beam 7 and beam 8. If UE is in the coverage of beam 2 of the serving cell, the SSB to be measured of cell 2 is beam 4, beam 5 and beam 6. If UE can know the beam sets they truly need to measure, the number of SSBs in measured sets can be reduced and at the same time no mobility performance is affected.
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Figure 2 Neighbour cells beams

For the measured neighbour cell sets and neighbour frequency sets, as shown in Fig. 3, in the RRC Idle state, the UE has to measure all the neighbor cells in different frequencies, such as frequency f2 f3 f4 as shown in Figure 2. Neighbour cells and frequencies may be different for UE in different parts of a cell under different coverage of beams.
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Figure 3 Neighbour cells and frequencies
For a UE in the serving cell 1, the neighbour frequency list is the list for the whole cell and is broadcast in system information.  Since the SSB index provides some location or directional information, if the Network can provide some assistance information, for example the association between SSB index and neighbour cells/frequencies, the UE can employ this “location” information provided by SSB index to reduce the measured neighbour cells/frequencies. We take UE under the coverage of beam 2 in Figure 3 as an example. If the UE knows that only frequency f4 is the neighbour frequency on which it can detect neighbour cells, UE needn’t to detect cells on all neighbour frequencies f2 and f3. Similarly, if UE knows the neighbour cells for beam 2, other cells are not necessary to measure and the number of cells to measure can be reduced without mobility performance impact. 
Route information identified by mobility state or history
Another example is to use some routing information. When a UE is moving in a fixed path, such as driving on the road, taking bus or subway, the information for next location is expected to be known as shown in Figure 3. If the network can help the UE to identify the fixed path, the next cells for reselection can be identified. Then the number of neighbour cells/frequencies to be measured can be reduced, with the help of Network assistance information. For example, in the system information of cell 4, cell 1,2,3 are all provided as neighbour cells. If the UE can identify that it is moving from cell 4 to cell 2 on the road by high speed or cell handover/reselection history and the serving cell is cell 4, UE only needs to measure cell 2 or only measure the duration when cell 2 SSB appears in SMTC, where the measurement or detection on other neighbour cells/frequencies can be avoided without mobility performance impact.

[image: image3.emf]Cell 2/f2

Cell 1/f1

Cell 3/f3

Cell 4/f4


Figure 4 UE on city road
With network providing information for assisting the UE to exploiting the additional information from itself, UE can autonomously reduce the number of SSBs, cells and frequencies to measure, and filter out the SSBs, cells and frequencies with limited impact on mobility performance.
Proposal 2: RAN2 to consider using additional information, e.g., mobility state, information of reference signals, routing information to reduce measured sets of SSBs, cells, and frequencies via measurement adaptation with limited mobility impacts.

3. Conclusion

In this contribution, we discuss about the RRM optimization in frequency domain by reducing the measured number of SSBs, neighbour cells and frequencies.

Observation: Both reducing number of intra-frequency neighbour cell measurement and inter-frequency neighbour cell measurement can bring considerable power saving gain.

Proposal 1: RAN2 to consider reducing the measured sets of SSBs, cells and frequencies considering the trade-off between power saving and mobility impact.
Proposal 2: RAN2 to consider using additional information, e.g., mobility state, information of reference signals, routing information to reduce measured sets of SSBs, cells, and frequencies via measurement adaptation with limited mobility impacts.
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