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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
Table 17 of TR 38.840 [1] presents the power saving gain results with the reduction of SSB measurements. Simulation details are not described in the TR38.840. To clarify the simulation results, this contribution focuses on explaining the simulation assumptions of the reduction of SSB measurements. 
[bookmark: _Ref129681832]Discussion 
Reduction in SSB number for serving cell measurement
Scheme: Reduction in SSB number for serving cell measurement
In RAN1#95, it has been agreed to study reducing number of samples (e.g., OFDM symbols / slots) within a measurement period (e.g., SMTC window). In RRC_Idle/Inactive state, according to Section 5.2 of TS 38.304, when certain conditions are satisfied, UEs will not perform neighbor cell measurement, and only serving cell measurement is performed. The power consumption reduction of serving cell measurement has been included in the study of power consumption reduction in RRM measurement and the power saving gain have been evaluated.
For power saving of SSB number reduction, UE will obtain more power saving gain in serving cell measurement of RRM measurement. When UE perform the neighbor cell measurement, little power saving gain will be obtained for SSB number reduction. So firstly, the evaluation is considered for the UE number by which the neighbor cell measurement is not performed and only serving cell is performed in an area. The system simulation results in Fig. 1 show RSRP values distribution. It can be shown that if the threshold is set to be -128dBm for intra-frequency measurement that almost 100% UEs in LOS scenario do not need to perform intra-frequency neighbor cell measurement and almost 70% UEs in NLOS scenario do not need to perform intra-frequency neighbor cell measurement. These UEs may only perform serving cell measurement which is important for power consumption reduction of serving cell measurement. 

[image: ]
[bookmark: _Ref536869013][bookmark: _GoBack]Fig. 1 RSRP vs. number of UEs CDF in a cell
Observation 1: Most UEs in a cell only perform serving cell measurement and do not perform neighbor cell measurement in the evaluated cases.
Then, we consider the power saving schemes for serving cell measurement. For serving cell measurement, UE may perform RRM measurement and convergence loop on all SSBs of the serving cell in a half radio frame to derive cell measurement quality. Power consumption will be reduced if the number of SSBs to be measured and to do convergence loop is reduced with gNB assistant information. One solution is that for RRC_Idle/Inactive state UE, the adjacent beams represented by SSBs can be provided to the UE when the UE selects one SSB to receive associated data information. The SSB represents the UE location beam, as shown in Fig. 2. For example, when the UE locating at the area where beam #0 represented by SSB #0 covers performs the RRM measurement, only the RSRPs of SSB #0, SSB #1, SSB #6, SSB#7 need to be measured by the UE. The other SSBs are not needed to be measured for the UE covered by SSB#0. Similarly, when the UE locating at the area where beam #1 represented by SSB #1 covers performs the RRM measurement, only the RSRPs of 6 SSBs including SSB #0, SSB #1, SSB #2, SSB#5, SSB#6 and SSB#7 need to be measured by the UE. So for the UE in SSB#0~15, the corresponding measured adjacent SSB numbers are 4, 6, 6, 4, 6, 9, 9, 6, 6, 9, 9, 6, 4, 6, 6, 4. With this method, the averaged adjacent SSB number to be measured is only 7 in the cell which is reduced a lot from total16 SSB beams. Similar method can be used for 64 and 32 SSBs of a burst set in the simulation cases. The averaged adjacent SSB number is used in the power saving gain simulation results of Table 1. The adjacent beam information can also benefit UE pre-sync, beam training and AGC-tuning after waking up in DRX cycle. 

[bookmark: _Ref536869015]Fig. 2 UE location beam and adjacent beam
Simulation assumptions
To show the power saving gain, we have the following simulation parameters/assumptions:
· IDLE mode;
· 1 sample in each DRX cycle;
· The periodicity of SSB is 20ms, and the gap lengths between PO and SSB are randomly distributed;
· Group paging rate is 10%, and paging rate is 0%;
· SSB number in a SSB burst set is 64 and 32 for loop convergence with periodicity of max (160ms, DRX cycle);
· The UE only performs the serving cell measurement and doesn’t do the neighbor cell measurement.
Furthermore, an example of the evaluation method is shown in the following, in which a stationary UE is considered to perform serving cell measurement only, and no cell reselection happens. The SSB SCS is 120kHz, and 64 SSBs in a SSB burst set is used to perform loop convergence every 1.28s [2]. 
Evaluation results
For baseline UE, we can get the power consumption can be

where 
·  (Measuring all 64 SSBs per serving cell and 4=64/2*0.125 where 2 denotes 2 SSB in a slot and the slot length is 0.125 ms for 120KHz SCS),
· = 175*0.125*0.9+350*0.125*0.1 (one slot paging monitoring and no false alarm. UE are paged by 10% percent. Furthermore, UE only use one beam to receive paging message),
· =175*4 (UE uses all the beams to do loop convergence including the AGC tuning and beam training to receive paging message. The beam training may need all the SSBs),
·  (Time for light sleep, paging and measurement are excluded from the total time, and the remained part is deep sleep time, wherein1 is the power of deep sleep, 1280 is the length of DRX cycle, 20 denotes the period of two SS Burst sets one of which is used for loop convergence and the other one is used for RRM measurement, 0.125 is the paging slot length, 4 is all the slot length of 64 SSBs, and 450 is the transition energy from deep sleep),
·  (assuming SSB periodicity is 20ms and PO is in the middle of SSB periodicity, wherein 245 is the average energy for all the distributions within the 20ms ahead of PO, and 100 is transition energy from light sleep),
hence, 2.72.
For UE power savings of the enhancement, we can get the power consumption can be

where 
· =175*4 *0.125 (considering the best case, 8 beams in 4 slot of 120KHz SCS for SSB processing),
· =175*4 *0.125(considering the best case, 8 beams in 4 slot of 120KHz SCS for SSB processing),
· Other parameters are identical to those in baseline,
· Now, assuming UE only use the averaged 8 beams and the 8 beams are in 4 slots to do RRM measurement and loop convergence , 
then .
 As a result, the UE power saving gain is 35.2%.
Then the power saving gains for different cases are shown in Table 1.
[bookmark: _Ref536869016]Table 1 Simulation results of power saving gain for the SSB reduction method
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	Huawei
	Adjacent directional beams of each SSB can be provided by gNB to reduce SSB number of UE RRM measurement and loop convergence.
A: UE measures all the beams
B: all the adjacent beams and serving beam is used for RRM measurement and loop convergence.
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	DRX cycle length = 0.32s
	1
	-
	Determined by signalling periodicity



	





	The periodicity of SSB is 20ms, and the gap length between PO and SSB are randomly distributed
	 1 SSB burst set with 64 SSBs is used for loop convergence in baseline and with averaged adjacent SSBs for loop convergence in optimal schemes, with periodicity of max (160ms, DRX cycle).
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B:1.38
	25.8%
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	DRX cycle length = 0.32s
	1
	-
	Determined by signalling periodicity



	
	The periodicity of SSB is 20ms, and the gap length between PO and SSB are randomly distributed


	1 SSB burst set with 32 SSBs is used for loop convergence in baseline and with averaged adjacent SSBs for loop convergence in optimal schemes, with periodicity of max (160ms, DRX cycle).
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B:2.52
	24.6%
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	A(baseline):2.17
B:1.76
	18.9%
	
	IDLE
	DRX cycle length = 1.28 s
	1
	-
	
	
	
	

	
	
	A(baseline):1.58
B:1.38
	12.9%
	
	IDLE
	DRX cycle length = 2.56 s
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For IDLE state and a stationary UE, Table 1 shows that [13%~48%] power saving gain for reducing  serving cell measurements for SSBs by considering adjacent directional beams of each SSB can be provided by gNB to reduce SSB number of UE measurement and loop convergence in FR2 when 64 and 32 SSBs in SSB burst set is assumed. It also shows that it has no severe impact on RSRP difference between two adjacent samples. No neighbor cell measurements were assumed to be carried out by the UE and all the SSBs are assumed for loop convergence in the baseline.
Observation 2: [13%~48%] power saving gain for reducing  serving cell measurements for SSBs by considering adjacent directional beams of each SSB can be provided by gNB to reduce SSB number of UE measurement and loop convergence in FR2.
Based on the above results, we think that the power saving gains for reducing serving cell measurements for SSBs are promising, and that schemes of SSBs reduction should be further considered in the ongoing SI phase in RAN2 and in the WI phase.  Hence we propose:
Proposal 1: Schemes for reducing the SSB measurements are considered in the UE power saving WI.
Conclusions
The following observations and proposals are made:
Observation 1: Most UEs in a cell only perform serving cell measurement and do not perform neighbor cell measurement in the evaluated cases.
Observation 2: [13%~48%] power saving gain for reducing  serving cell measurements for SSBs by considering adjacent directional beams of each SSB can be provided by gNB to reduce SSB number of UE measurement and loop convergence in FR2.
Proposal 1: Schemes for reducing the SSB measurements are considered in the UE power saving WI.
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