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1 	Introduction
In Rel-16, the low mobility and not-at-cell edge criteria are introduced for power saving. These two criteria allow UE performs L3 measurement with the longer Tdetect, Tmeasure and Tevaluate defined in clause 4 in [1]. On the other hand, the performance part has been discussed and WF [2] are provided in last meeting. According to this WF, we provide our view on cell reselection to FR2 inter-frequency NR case in this paper.
2 Discussion
In previous meeting, six test cases were proposed in [2] for power saving performance part as follows.
	No.
	Test case
	Criterion
	Condition

	1
	Cell reselection to FR1 intra-frequency NR case
	not-at-cell-edge/
low mobility
	Cell 1: Low mobility
Cell 2: Not-at-cell-edge 

	2
	Cell reselection to FR1 inter-frequency NR case
	not-at-cell-edge/
low mobility
	Cell1: Low mobility, low priority 
Cell2:Not-at-cell-edge, high priority 

	3
	Cell reselection to FR1 inter-RAT E-UTRA
	not-at-cell-edge
	Cell1 (NR): not-at-cell-edge, low priority
Cell2 (E-UTRA): Normal state, high priority


	4
	Cell reselection to FR1 inter-RAT E-UTRA
	Low mobility
	Cell1 (NR): low mobility, low priority
Cell2 (E-UTRA): Normal state, high priority


	5
	Cell reselection to FR2 intra-frequency NR case
	not-at-cell-edge/
low mobility
	Cell 1: Low mobility
Cell 2: Not-at-cell-edge 

	6
	Cell reselection to FR2 inter-frequency NR case
	not-at-cell-edge/
low mobility
	Cell1: Low mobility, low priority 
Cell2:Not-at-cell-edge, high priority 



In the case 1, 2, 5 and 6, the low mobility and not-at-cell edge criteria are tested in one test case. However, in our understanding, testing two criteria in one test case may work in FR1 and FR2 intra frequency but may not in FR2 inter frequency. 
The main reason is that TE needs to provide sufficient RSRP margin between source and target cells, in order to guarantee correct UE reselection behaviour. The margin is relatively smaller in FR1 or in FR2 intra-frequency with single AoA. However, in FR2 inter frequency, we need to additionally consider the UE gain G defined in clause B.2.1.5 in [1]. To be more precisely, the range of UE gain G is from 20 dB to -10 dB in power class 3, while SS-RSRP accuracy is 7.5 dB for FR2 inter frequency shown as follows. 

	Table B.2.1.5.1-1: UE gain G, Rx beam peak direction
	
	UE Power class

	
	1
	2
	3
	4

	Minimum, dBi
	FFS
	FFS
	-10
	FFS

	Maximum, dBi
	FFS
	FFS
	+20
	FFS







	Clause 4.2.2.4 in TS 38.133:
The UE shall be able to evaluate whether a newly detectable inter-frequency cell meets the reselection criteria defined in TS38.304 [1] within Kcarrier * Tdetect,NR_Inter  if at least carrier frequency information is provided for inter-frequency neighbour cells by the serving cells when Treselection = 0 provided that the reselection criteria is met by a margin of at least 5 dB in FR1 or 6.5dB in FR2 for reselections based on ranking or 6dB in FR1 or 7.5dB in FR2 for SS-RSRP reselections based on absolute priorities or 4dB in FR1 and 4dB in FR2 for SS-RSRQ reselections based on absolute priorities. The parameter Kcarrier is the number of NR inter-frequency carriers indicated by the serving cell. An inter-frequency cell is considered to be detectable according to the conditions defined in Annex B.1.3 for a corresponding Band.



Thus, the following total RSRP margins for power saving test case shall be considered
· To guarantee that UE measures an RSRP (which could be underestimated by 17.5dB) higher than a threshold:
· RSRP > threshold + 17.5dB as blue arrow in Fig. 1
· To guarantee that UE measures an RSRP (which could be overestimated by 27.5dB) lower than a threshold
· RSRP < threshold - 27.5dB as red arrow in Fig. 1
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[bookmark: _Ref53661681]Fig. 1: illustrate the total margins in FR2 inter-frequency case

[bookmark: _Ref54274923][bookmark: _Ref54287692]Observation 1: For FR2 inter-frequency cell reselection, the accuracy margins for estimated RSRP shall be +27.5 dB and -17.5 dB.
Note that this big margins is not considered in FR2 intra-frequency, because, in our understanding, the signals, in FR2 intra frequency, are transmitted on the same frequency and experience the similar channel and beamforming gain based on single AoA. Thus, we may only consider the SS-RSRP accuracy, i.e., 7.5 dB in FR2 intra-frequency for power saving test case. 
[bookmark: _Ref54274925][bookmark: _Ref53431433][bookmark: _Ref54287694]Observation 2: For FR2 intra-frequency cell reselection, the accuracy margins for estimated RSRP shall be +7.5 dB and -7.5 dB.
For convenience, we may discuss the cell reselection test case in dB domain in this paper. According to [3], the RX level value, i.e., Srxlev defined in [3] could be derived by the equation Srxlev = Qrxlevmeas – (Qrxlevmin + Qrxlevminoffset )– Pcompensation - Qoffsettemp, where
	Srxlev
	Cell selection RX level value (dB)

	Qoffsettemp
	Offset temporarily applied to a cell as specified in TS 38.331 [3] (dB)

	Qrxlevmeas
	Measured cell RX level value (RSRP)

	Qrxlevmin
	Minimum required RX level in the cell (dBm). 

	Qrxlevminoffset
	Offset to the signalled Qrxlevmin taken into account in the Srxlev evaluation as a result of a periodic search for a higher priority PLMN while camped normally in a VPLMN, as specified in TS 23.122 [9].

	Pcompensation 
	For FR1, if the UE supports the additionalPmax in the NR-NS-PmaxList, if present, in SIB1, SIB2 and SIB4:
max(PEMAX1 –PPowerClass, 0) – (min(PEMAX2, PPowerClass) – min(PEMAX1, PPowerClass)) (dB);
else:
max(PEMAX1 –PPowerClass, 0) (dB)
For FR2, Pcompensation is set to 0.

	PEMAX1, PEMAX2
	Maximum TX power level of a UE may use when transmitting on the uplink in the cell (dBm) defined as PEMAX in TS 38.101 [15]. 

	PPowerClass
	Maximum RF output power of the UE (dBm) according to the UE power class as defined in TS 38.101-1 [15].



However, in current cell recelection performance part [1], the parameters Qrxlevminoffset, Pcompensation and Qoffsettemp are set to 0 and Qrxlevmin is -140 dBm. Thus, according to the equation, i.e., Srxlev = Qrxlevmeas (RSRP) + 140 (dB) and Table B.2.3-2 in [1] as follows, we could derive the relative minimum RSRP value (dB) transmitted from TE. To avoid confusion, in later discussions we denote P as the about solute power transmitted by TE (in dBm) and P* as P+140 (in dB)
Table B.2.3-2: Conditions for inter-frequency measurements in FR2
	Parameter
	Angle of arrival
	NR operating bands
	Minimum SSB_RP Note 2, Note 3
	SSB Ês/Iot

	
	
	
	dBm / SCSSSB
	dB

	
	
	
	SCSSSB = 120 kHz
	SCSSSB = 240 kHz
	

	
	
	
	UE power class
	UE power class
	

	
	
	
	1
	2
	3
	4
	1, 2, 3, 4
	

	Conditions
	Rx Beam Peak
	n257
	-126.3+Y1
	-111.8
	-110.1
	-125.8+Y4
	(Value for SCSSSB = 120 kHz) +3dB 
	≥-4

	
	
	n258
	-126.3+Y1
	-111.8
	-110.1
	-125.8+Y4
	
	

	
	
	n259
	
	
	-106.5
	
	
	

	
	
	n260
	-123.3+Y1
	
	-107.5
	-123.8+Y4
	
	

	
	
	n261
	-126.3+Y1
	-111.8
	-110.1
	-125.8+Y4
	
	

	
	Spherical coverage Note 1
	n257
	-118.3+Z1
	-100.8
	-99.2
	-116.8+Z4
	(Value for SCSSSB = 120 kHz) +3dB 
	≥-4

	
	
	n258
	-118.3+Z1
	-100.8
	-99.2
	-116.8+Z4
	
	

	
	
	n259
	
	
	-93.7
	
	
	

	
	
	n260
	-115.3+Z1
	
	-94.9
	-111.8+Z4
	
	

	
	
	n261
	-118.3+Z1
	-100.8
	-99.2
	-116.8+Z4
	
	

	NOTE 1:	Values based on EIS spherical coverage as defined in clause 7.3.4 of TS 38.101-2 [19]. Side condition applies for directions in which EIS spherical coverage requirement is met.
NOTE 2:	Values specified at the Reference point to give minimum SSB Ês/Iot, with no applied noise.
NOTE 3:	For UEs that support multiple FR2 bands, Rx Beam Peak values are increased by ∆MBP,n and Spherical coverage values are increased by ∆MBS,n, the UE multi-band relaxation factor in dB specified in clause 6.2.1 of TS 38.101-2 [19].



From Table B.2.3-2, the minimum SSB reference power in band 260 is P=-107.5 dBm/SCS and, if we take the -106 dBm/SCS as a minimum SSB reference power, the relative minimum signal power transmitted from TE is P*=34 dB (-106+140=34).
[bookmark: _Ref54280797][bookmark: _Ref54287713]Observation 3: For FR2 inter-frequency, the relative minimum signal power transmitted from TE is 34 dB, i.e., -106+140 (Qrxlevmin) =34, if we take the -106 dBm/SCS as minimum SSB reference power.
On the other hand, in order to derive the relative maximum signal power, we can look up the Table B.2.1.5.4-1 in TS 38.810 as follows.
Table B.2.1.5.4-1: Predicted SNR upper bound values for Direct far field (DFF), multi band UE
	Angle of Arrival
	Beam type
	Allocated RBs
	Maximum SNR

	Rx Beam peak
	Fine
	24
	[22.2 dB]

	
	
	66
	[17.8 dB]

	
	Rough
	24
	[15.1 dB]

	
	
	66
	[10.5 dB]

	Spherical coverage
	Fine
	24
	[9.8 dB]

	
	
	66
	[4.7 dB]

	
	Rough
	24
	[1.0 dB]

	
	
	66
	Not usable



Because AoA setup #1 is used in current cell reselection test case, we can take the 10.5 dB in Table B.2.1.5.4-1 to derive the relative maximum signal power. Depending on Noc = -102 dBm/SCS and maximum SNR 10.5 dB, the maximum signal power is P=-91.5 dBm/SCS and the relative maximum signal power transmitted from TE is P*=48.5 dB (-91.5+104 = 48.5).
[bookmark: _Ref54284199][bookmark: _Ref54287714]Observation 4: For FR2 inter-frequency, the relative maximum signal power transmitted from TE is 48.5 dB depending on Noc=-102 dBm.
According to Observation 1, Observation 3 and Observation 4, RAN4 needs to check carefully the feasibility of testing two criteria, low mobility and not-at-cell edge, in one test case for cell reselection to FR2 inter-frequency. 
An example for cell reselection to FR2 inter-frequency is illustrated in Fig. 2. Assume that the cell reselection conditions, e.g. ThreshX, HighP, ThreshX, LowP and Threshserving, LowP, are constant for entire testing.
[image: ]
[bookmark: _Ref54286272]Fig. 2: illustrate an example for cell reselection in FR2 inter-frequency case
In our understanding, if we want to test two criteria, low mobility and not-at-cell edge, in one test case then the condition Threshx, Low shall be lower than the Cell1 RSRP by 17.5dB (i.e., B-C > 17.5dB) to guarantee UE re-selectes Cell1 during T1, while Threshx, Low shall be higher than the Cell1 RSRP by 27.5dB (i.e., C-D > 27.5dB) to guarantee UE to stay in Cell2 during T2. In other words, Threshx, Low shall be within value B and value D as shown in Fig. 2. Thus, according to Observation 1 (total accuracy margins), the difference between value B and value D shall be 45 (27.5+17.5 = 45) at least. However, the total accuracy margins may exceed the difference between relative maximum (Observation 3) and relative minimum (Observation 4) signal power, i.e., 45 > 14.5 (48.5-34). As a result, we propose RAN4 to further study on the feasibility of testing two criteria in one test case for cell reselection to FR2 inter-frequency. 
[bookmark: _Ref37320478][bookmark: _Ref37420920][bookmark: _Ref39678201][bookmark: _Ref40107294]Proposal 1: RAN4 needs to further study on the feasibility of testing two criteria, low mobility and not-at-cell edge, in one test case for cell reselection to FR2 inter-frequency.

3 Summary
In this paper, the discussion of power saving is provided. We have the following proposal:
Observation 1: For FR2 inter-frequency cell reselection, the accuracy margins for estimated RSRP shall be +27.5 dB and -17.5 dB.
Observation 2: For FR2 intra-frequency cell reselection, the accuracy margins for estimated RSRP shall be +7.5 dB and -7.5 dB.
Observation 3: For FR2 inter-frequency, the relative minimum signal power transmitted from TE is 34 dB, i.e., -106+140 (Qrxlevmin) =34, if we take the -106 dBm/SCS as minimum SSB reference power.
Observation 4: For FR2 inter-frequency, the relative maximum signal power transmitted from TE is 48.5 dB depending on Noc=-102 dBm.
Proposal 1: RAN4 needs to further study on the feasibility of testing two criteria, low mobility and not-at-cell edge, in one test case for cell reselection to FR2 inter-frequency.
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