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Introduction
In last RAN4 meeting, we have the following agreements [1]: 
· For information: Scenarios
a) #1: Low mobility scenario
b) #2: Not in cell-edge scenario 
c) #3: Low-mobility + Not in cell-edge scenario
· RRM measurement relaxation methods for UE power saving in RRC_idle/inactive state
a) Option 1: Allow RRM measurements with longer intervals 
b) Option 2: UE is not required to meet the intra-frequency and inter-frequency neighbor cell measurement requirements
· Applicability of RRM relaxation methods when the relaxation criteria are fulfilled
	
	Applicable RRM relaxation methods

	Scenarios #1
	FFS: Option 1 and/or 2

	Scenarios #2
	FFS: Option 1 and/or 2

	Scenarios #3
	Option 2



· Selection of option 1 or option 2 will depend on the details of the criteria as developed by RAN2.
· Encourage companies to bring the analysis on how to relax measurement interval if option 1 is proposed in next meeting
· Encourage companies to bring the analysis for option 2 if option 2 is proposed in next meeting

Moreover, in last RAN2 meeting, we have the following agreements
1 Measurement relaxation criteria is evaluated using cell quality only, and we do not define beam-specific conditions for RRM measurement relaxation.
2	For not-at-cell-edge scenario, the thresholds can be based on RSRP and/or RSRQ and is configurable by the network. For low-mobility scenario, the thresholds of the delta are only in relation to RSRP.
3	Whether higher priority frequencies can be relaxed is up to network configuration.  FFS on how the configuration is done. 
4	Network configures RRM measurement relaxation via broadcast only; dedicated control is not supported. 
5	For modifications of low-mobility scenario, TSearchDeltaP less than 5 minutes is configurable in NR. 

This contribution provides our analysis based on evaluation on this subject.
Discussion
For idle/inactive UEs, the target of defining RRM requirements is to ensure UE paging reception and network-access ability when it is paged. Since NR R15/16 UE are mostly eMBB handheld UEs, the characteristics of signal quality should be similar to those in LTE or UTRA. As agreed in last RAN2 meeting, RSRP can be used as the threshold in both not-at-cell-edge scenario and low-mobility scenario. Therefore in our analysis, we based on collections of measured RSRP in early NR deployments.
Evaluation based on collected RSRP data in early NR deployments
Early NR deployments have already been widely carried out in China. Therefore collection of data on measured RSRP of handheld UE in realistic deployments is now available. These data may reflect the characteristics of RSRP variation, which will help in deciding which option and scenario should be specified for RRM relaxation in NR. In this evaluation, 2 typical use cases are considered:
Use case 1 ‘Standstill’: The user holds a cell phone while standing or sitting in a fixed position. However, impact of random rotation or blockage that caused by user grip, gesture or body posture change are still counted. Based on RSRP measurement, no handover/cell-reselection has happened, which means serving cell is good enough.
Use case 2 ‘Subway’: The user holds a cell phone while standing or sitting in train or subway. The velocity is not more than 60 km/h. The BS is deployed along the rail. Lots of handover/cell-reselection has happened.
Based on RAN2 agreements, the scenarios defined for RRM relaxation are based on at least RSRP criterions. Therefore, we further check the occurrence of UE meeting the relaxation criterions in the above 2 use cases. Since criterion of ‘not-at-cell-edge’ scenario is not dependent on time, and is met once the thresholds are fulfilled, the main concern is whether UE can meet the ‘low-mobility’ criterion. Segments of measured RSRP are evaluated and the parameters for evaluation are given in Table 1.
Table 1 Parameters of collected segments 
	Parameters
	Value

	Num. of Segments
	500

	Segments period
	Around 30s to 50s

	Band
	n41, n78

	Location
	Beijing, China

	Number of SSBs in a SSB burst set
	8

	SCS
	30kHz

	SMTC period
	20ms



Table 2 Occurrence of UE meeting “low-mobility” criterion in ‘Standstill’
	Idle DRX cycle length = 0.32s
	Idle DRX cycle length = 0.64s

	TdeltasearchP
SdeltasearchP
	10s
	20s
	30s
	TdeltasearchP
SdeltasearchP
	10s
	20s
	30s

	6dB
	35.61%
	7.03%
	3.13%
	6dB
	45.81%
	17.33%
	9.93%

	9dB
	60.42%
	32.29%
	17.08%
	9dB
	72.81%
	43.72%
	34.43%

	12dB
	78.48%
	65.1%
	57.83%
	12dB
	84.75%
	79.14%
	75.39%

	15dB
	85.61%
	84.03%
	83.46%
	15dB
	93.77%
	91.73%
	89.1%



[bookmark: _GoBack]Table 3 Occurrence of UE meeting “low-mobility” criterion in ‘Subway’
	Idle DRX cycle length = 0.32s
	Idle DRX cycle length = 0.64s

	TdeltasearchP
SdeltasearchP
	10s
	20s
	30s
	TdeltasearchP
SdeltasearchP
	10s
	20s
	30s

	6dB
	14.23%
	0%
	0%
	6dB
	23.7%
	3.91%
	0.63%

	9dB
	28.55%
	13.28%
	3.91%
	9dB
	35.25%
	20.44%
	9.06%

	12dB
	47.12%
	41.68%
	38.28%
	12dB
	52.87%
	46.72%
	45.94%

	15dB
	68.1%
	54.34%
	50.1%
	15dB
	63.6%
	59.81%
	58.75%



We can observe:
· For the ‘Standstill’, to achieve around 80% occurrence of meeting ‘low-mobility’ criterion, TdeltasearchP should be be better configured at 10s, and SdeltasearchP should be configured at more than 12dB. Otherwise, UE has less chance to enter relaxed stage in real deployments, hence the power saving gain is very limited. This reveals that the handheld UEs may have more severe RSRP fluctuation that NB-IoT UEs. Based on some observation on RSRP fluctuation when a handheld UE is laid on the table, it can be observed that RSRP fluctuation is within 6dB, which we believe should be the same as NB-IoT. Additionally, note that from the original collected RSRP data, it is also observed that the real power saving gain can be even lower. UE may frequently quit from relaxed stage in several seconds after the criterion is somehow met. This is due to the ‘low-mobility’ criterion in its current form, which requires UE to quit relaxed stage once the inequality is not met without waiting for TdeltasearchP. 
· For the ‘Subway’, where many handover or cell-reselection happens, UE may still be able to enter the relaxed stage quite often if the TdeltasearchP and SdeltasearchP are configured as above, i.e. 10s for TdeltasearchP and 15dB for SdeltasearchP to ensure power saving gain. In this case, if option 2 is adopted, it would be risky that UE once falls below the RSRP thresholds, it would not be able find a suitable neighbour cell for re-selection, hence deteriorate paging reception and access ability after a valid paging.
To summarize, the following observations can be made:
Observation 1: No matter how TdeltasearchP and SdeltasearchP are configured, ‘low-mobility’ criterion is not able to precisely differentiate whether the handheld UE is actually in low-mobility or not.
Observation 2: If option 2 is adopted for ‘low-mobility’ scenario, there is some risk in UE paging reception and access ability after a valid paging, if power saving gain needs to be ensured.
Note that the data are collected in connected mode, but not idle/inactive mode. However, based on further analysis in next section, we may derive the factors that impact the RSRP fluctuation. Actually they are barely relevant to which mode UE is in. 

Analysis of factors impacting RSRP fluctuation
The ‘low-mobility’ criterion is reused from NB-IoT. However, for handheld UE, the RSRP fluctuation is much more severe than that in NB-IoT, as discussed in previous subsections. The main factors are:
· Impact of grip or gesture: the antenna of handheld UE is quite vulnerable to human grip. For the main antenna, more than 10dB RSRP drop in several hundreds of milliseconds may be observed if human grip happens.
· Impact of rotation: the handheld UE can be rotated while most NB-IoT UEs cannot. If head/hand blockage is present, the equivalent antenna pattern may not be that sphere-like, and rotation may cause some RSRP fluctuation.
· Impact of body posture or obstacle movement: compared to NB-IoT UEs that mostly in a static environment, the handheld UEs are more often in a more dynamic environment. Random shadowing of human body may results in RSRP fluctuation.
Observation 3: Due to grip, gesture, random rotation and body shadowing, the RSRP fluctuation of handheld UEs is much more severe than that of NB-IoT UEs.
On the other hand, NR deployments aims to provide higher data rates than LTE. Thanks to the beamforming technique, the observed RSRP is quite high in realistic deployment. Therefore, mostly the NR RSRP dynamic range is around -80dBm to -110dBm. As a comparison, NB-IoT RSRP dynamic range is around -80dBm to -140dBm due to repetition transmissions. Therefore, for NB-IoT, it would be difficult to configure SintrasearchP, since UE may need to relax RRM monitoring at quite low RSRP region, e.g. -120dBm. This results in a well-designed Srxlevref updating mechanism in R14 NB-IoT. However, for handheld UE, there is no such issue.
In LTE, SintrasearchP and/or SnonintrasearchP are often configured as around 20dB to 25dB. Based on RSRP results, it is also observed that, around 10dB RSRP drop in hundreds of millisecond can be found easily. But, 20dB RSRP drop in hundreds of milliseconds has rarely happened. Therefore, the threshold for RRM relaxation in ‘not-at-cell-edge’ scenario can be configured at around 12dB. In this case, UE may relax RRM measurements in time domain when Srxlev is larger than 12dB but less than 20dB or 25dB. Clearly, there is room and power saving gain for the second level RSRP thresholds.
Observation 4: For ‘not-at-cell-edge’ scenario, if SintrasearchP and/or SnonintrasearchP are configured as more than 20dB, there is room and power saving gain for the second level RSRP thresholds.
Conclusion
In this paper, we provide our evaluations based on collections of measured RSRP in early NR deployments and further analysed the impacting factors. We provide the following observation:
Observation 1: No matter how TdeltasearchP and SdeltasearchP are configured, ‘low-mobility’ criterion is not able to precisely differentiate whether the handheld UE is actually in low-mobility or not.
Observation 2: If option 2 is adopted for ‘low-mobility’ scenario, there is some risk in UE paging reception and access ability after a valid paging, if power saving gain needs to be ensured.
Observation 3: Due to grip, gesture, random rotation and body shadowing, the RSRP fluctuation of handheld UEs is much more severe than that of NB-IoT UEs.
Observation 4: For ‘not-at-cell-edge’ scenario, if SintrasearchP and/or SnonintrasearchP are configured as more than 20dB, there is room and power saving gain for the second level RSRP thresholds.
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