Page 4
Draft prETS 300 ???: Month YYYY
[bookmark: _Ref462817227]3GPP TSG-RAN WG2 Meeting#108	R2-1915539 (Revision of R2-1912691)
Reno, USA, 18th Nov – 22nd Nov 2019	

Agenda Item:	6.11.6
Source:	Panasonic	
Title:	Considerations on the RRM measurement relaxation
Document for:	Discussion, Decision
[bookmark: _Ref462918989]Introduction
In RAN2#107 meeting, the following agreements were made regarding to the RRM measurement relaxation criteria, in which two key criteria are identified [1]:
1) Low mobility UE
2) UE not at the cell edge
Agreements in RAN2#107
1. Measurement relaxation criteria can consider both low mobility and UE location in the cell (e.g. whether the UE is in cell-edge).    
2. UE may activate relaxed measurement criteria if at least any of the following conditions are met:
a) Serving Cell measurement does not change more than a relative threshold during a time period
- LTE relaxed monitoring criteria in 36.304 is considered as a baseline. Additional enhancements to address aspects that are specific to NR can be considered. 
b) UE is not a cell edge, meaning that serving cell/beam RSRP/RSRQ/SINR is above a threshold
FFS: Whether neighbour cell RSRP should also be considered.

It was further agreed in RAN2#107bis meeting that the triggering criteria (i.e., cell-edge or low mobility) can be configured independently by the network [2].
Agreements in RAN2#107bis 
1. Network can configure the triggering criteria independently (i.e. either cell-edge or low mobility or both)
2. Cell-edge criteria will not consider neighbour cell measurements.

In this paper, we first discuss what is still missing based on the current agreements, and then propose to use the UE mobility state in addition to the criterion mentioned in agreement#2a to determine UE’s mobility in a finer lever. The finer level of UE mobility state can then be used to determine how the UE is going to relax the intra-frequency and/or inter-frequency measurement.
[bookmark: _Ref178064866]Discussion
The possible negative impact to the UE mobility performance
The criterion mentioned in agreement#2a in the previous section is based on the LTE relaxed monitoring criteria specified in TS 36.304, and its target use case is for the NB-IoT/MTC UE that is typically stationary. Therefore, the criterion in agreement#2a only needs to be capable of differentiating stationary UEs from non-stationary UEs; the finer level of UE mobility judgement (e.g., normal-mobility/medium-mobility/high-mobility) is not required. 
Observation 1: The LTE relaxed monitoring criteria in TS 36.304 is mainly used to determine whether an UE is stationary or not.
On the other hand, the criterion agreed in RAN2#107 for determining whether an UE is at cell edge or not is very similar to the measurement rule specified in TS 38.304 (section 5.2.4.2), in which if the serving cell fulfil Srxlev > SIntraSearchP and Squal > SIntraSearchQ, the UE may choose not to perform intra-frequency measurements. Similar rule also applies to the inter-frequency measurement case but with different threshold values (SnonIntraSearchP and SnonIntraSearchQ). 
It has been pointed out in the WID [3] that any relaxation mechanism to relax the intra-frequency and inter-frequency measurement must have minimal impact to the mobility performance. However, according to the current agreements, an UE with high mobility is allowed to skip the intra/inter-frequency measurement if serving cell’s RSRP/RSRQ/SINR is above the threshold S1 (as shown in Figure 1). We think this may impact the mobility performance in a negative way as the UE may soon move to the cell edge but have not started performing the neighbour cell measurement. As a result, the UE may not be able to perform the cell reselection and camp to a proper cell in time. Considering the cell size is usually small in NR FR2, this situation is more likely to happen compare to the LTE case.


Figure 1. The UE categories (based on agreement#2) and the corresponding actions for neighbour-cell measurement.

Observation 2: Allowing a high-mobility UE to skip the neighbour cell measurement can negatively impact the UE mobility performance.
To avoid having negative impact to the UE mobility performance, first of all there should be a way to identify whether an UE is a high-mobility UE or not, and the legacy UE mobility state detection criteria specified in TS 38.304 can be used for this purpose. A further enhancement such as the mobility state is determined based on the number of beam changes instead of number of cell reselections can be considered. 
Proposal 1: The UE mobility state (high/medium/normal-mobility) is taken into account in evaluating the measurement relaxation criteria.
One option to utilize the mobility state is that once an UE is identified as a high-mobility UE, even if the serving cell is above the RSRP/RSRQ/SINR threshold, the UE shall still perform the intra/inter-frequency measurement according to the measurement requirement specified in TS 38.133.
Option 1: The high-mobility UE shall still perform the neighbour cell measurement even if it is not at the cell edge.
Alternatively, for the high-mobility UE not located at cell edge, although the UE still needs to perform the intra/inter-frequency measurement, we can allow such UE to perform the measurement with relaxed measurement requirements (i.e., UE can perform the measurement less frequently), as shown in Figure 2. As a result, UE can still save power while minimizes the impact to the mobility performance. 


Figure 2. The high-mobility UE that is not at the cell edge still needs to perform the intra-frequency measurement, but with relaxed measurement requirements.
Option 2: The high-mobility UE performs the neighbour cell measurement with relaxed measurement requirements, if the UE is not at the cell edge.
As an alternative to option 1 and option 2, the network can configure a different threshold value, S2, particularly for the high-mobility UE, and S2 needs to be higher than S1 as illustrated in Figure 3. This means it is more likely for the high-mobility UE to consider itself at the cell-edge compare to the normal/medium-mobility UE, and therefore cannot relax the neighbour cell measurement easily.


Figure 3. Different thresholds for different UE mobility states.
Option 3: The thresholds used to judge whether an UE is at cell edge or not are separately configured for the high-mobility UE and for the normal-/medium-mobility UE. 
Among the above options, Option 1 introduces less specification impact (no impact to RAN4 specification) and also less UE complexity, and can effectively prevent the negative impact on UE mobility performance. Considering the remaining time for completing the WI is very limited, we think option 1 is a better choice at this moment.
Proposal 2: The high-mobility UE shall still perform the neighbour cell measurement even if it is not at the cell edge.

The enhanced power saving for normal-mobility UE
As it is not likely that the cell quality will change dramatically for the normal-mobility UE (i.e., the UE that is moving slowly), we think it is beneficial for the normal-mobility UE to relax the neighbor cell measurement even if it is at cell edge. This is independent from previous section's discussion for high mobility UE. To allow this, another threshold S3, which is lower than S1 can be introduced for the normal-mobility UE, as shown in Figure 4. Then if the serving cell quality is higher than S3 but lower than S1, the normal-mobility UE can perform the neighbor cell measurement with relaxed measurement requirements (less-frequent measurements); otherwise if the serving cell quality is lower than S3, the normal-mobility UE has to perform the neighbor cell measurement with the regular measurement requirements. Note that the example illustrated in Figure 4 intends to explain the behavior of normal-mobility UE and it doesn’t take into account the proposal 2 of high mobility UE.


Figure 4. The normal-mobility UE is allowed to relax the intra-frequency measurement, if the serving cell quality is above S3 but below S1.

Proposal 3: Introduce another threshold that is lower than the threshold used to determine whether an normal-mobility UE is at cell edge or not. The normal-mobility UE can relax the neighbour cell measurement if the serving cell quality is above the new threshold.
When both proposal 2 and 3 are agreed, there will be a threshold S1 for all UEs, and there will be another threshold S3 only for the normal-mobility UE. Then if the high-mobility UE is above S1, the high-mobility UE still needs to perform neighbour cell measurement. If the normal-/medium-mobility UE is above S1, the normal-/medium-mobility UE doesn’t have to perform the neighbour cell measurement. If the normal-mobility UE is above S3 and below S1, the normal-mobility UE can relax its neighbour cell measurement.

Conclusion
In this paper, we discuss the potential problems for the UE measurement relaxation agreements made in RAN2#107, and have the following observations. 
Observation 1: The LTE relaxed monitoring criteria in TS 36.304 is mainly used to determine whether an UE is stationary or not.
Observation 2: Allowing a high-mobility UE to skip the neighbour cell measurement can negatively impact the UE mobility performance.
Based on the observations, RAN2 is respectfully asked to discuss and consider the following proposals.
[bookmark: _GoBack]Proposal 1: The UE mobility state (high/medium/normal-mobility) is taken into account in evaluating the measurement relaxation criteria.
Proposal 2: The high-mobility UE shall still perform the neighbour cell measurement even if it is not at the cell edge.
Proposal 3: Introduce another threshold that is lower than the threshold used to determine whether an normal-mobility UE is at cell edge or not. The normal-mobility UE can relax the neighbour cell measurement if the serving cell quality is above the new threshold.
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