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1. Introduction

In RAN#84 the new WI was approved in [1] with the following objective:
	5) Specify network-configured mechanism to relax intra and inter-frequency RRM measurement for neighbour cells for RRC_IDLE/INACTIVE with minimal mobility performance impacts [RAN2, RAN4]

a) Specify RRM measurement relaxation by allowing measurements with longer intervals, and/or by reducing the number of cells/carriers to be measured [RAN4, RAN2]

b) Define triggering criteria for the UE to move between relaxed and normal RRM measurements, that considers at least if UE is not at cell edge, or if UE is stationary or with low mobility [RAN2, RAN4].

i) Evaluate and specify requirements (if needed) depending on RAN2 criteria [ RAN4]
NOTE: No new measurement quantities should be introduced


In this contribution, we discuss how to achieve the objective of reducing the number of cells/frequencies to be measured. 
2. Discussion
L3 RRM measurement is used for mobility, including cell selection/reselection and handover. The neighbour cell measurement is used for finding a suitable target cell for UE. Therefore, relaxing the neighbour cell RRM measurement only results in possible mobility performance, i.e., only RAN2 is involved when relaxing the neighbour cell RRM measurement. In the following, we discuss the possible mobility impact when considering the relaxation. 
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. Moreover, 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 cell and frequency filtering in detection/measurement can be performed by the UE.  
2.1
Relaxed monitoring criteria of UE mobility status
When considering the mobility status, two scenarios can be referred. 
One is for UE in stationary state, which is specified in NB-IoT, where when the serving cell varies slowly, the neighbour cell RRM measurement can be relaxed. This can be similar used for the UE whose serving cell quality changes slow.  In this scenario, it is the status of the UE giving chance to RRM relaxation without harming mobility performance. 

Another one is for UE who is in mobile sate. When UE in mobility state and has some additional information as input, it also gives chance to reduce RRM measurement without harming mobility performance. For example, 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 1. If the network can help the UE to identify the fixed path, the next cells for reselection can be identified. For UE, it can identify the fixed path via its high speed (such as HSDN) or its history information (such as cell reselection/HO history). 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: image1.emf]Cell 2/f2

Cell 1/f1

Cell 3/f3

Cell 4/f4


Figure 1 UE on city road
Proposal 1: 
RAN2 to consider a UE with high speed or with fixed route to reduce the measured neighbor cell/frequency with additional information. 
2.2
Relaxed monitoring criteria based on UE serving cell beam status

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. One of the possible way to reduce neighbour cell measurement is to exploit the serving cell beam status of UE. 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.
[image: image3.jpg]



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. 
Proposal 2: 
RAN2 to consider using additional information such serving beam status to reduce measured sets of neighbour cells and frequencies via measurement adaptation with limited mobility impacts.

With network providing information for assisting the UE to exploiting the additional information from itself, UE can autonomously reduce the number of neighbour cells and frequencies to measure, and filter out the cells and frequencies with limited impact on mobility performance.

3. Conclusion

In this contribution, we discuss how to achieve the objective of reducing the number of cells/frequencies to be measured, and have the following proposals.

Proposal 1: 
RAN2 to consider a UE with high speed or with fixed route to reduce the measured neighbor cell/frequency with additional information.  
Proposal 2: 
RAN2 to consider using additional information such serving beam status to reduce measured sets of neighbour cells and frequencies via measurement adaptation with limited mobility impacts.
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