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1
Introduction

The test cases defined in 38.523-1 does not have power level defined. This discussion paper highlights dependencies with RAN4 for Power level definitions of Intra/Inter Neighbour Cells.
2
Discussion

2.1 SS signal level uncertainty

For LTE, the default signal level uncertainty is specified in TS 36.508, table 6.2.2.1-2 for any level specified below
Table 6.2.2.1-2: SS signal level uncertainty

	
	Absolute signal level uncertainty for each cell
	Relative signal level uncertainty between multiple cells

	Intra-frequency
	+/-3 dB at each test port
	+/-3 dB

	Inter-frequency
	+/-3 dB at each test port
	See Note 1

	Note 1:
For Inter-frequency cells the relative signal level uncertainty between multiple cells is determined by the absolute uncertainty of each cell, and does not have any additional constraint.


NR has wider channel bandwidth up to 100MHz for frequency range 0-6GHz, which would lead to higher SS uncertainty, possibly up to +/-[6]dB. It is proposed to have:
Proposal#1: NR shall have higher SS uncertainty values due to wider channel bandwidth as shown in table below:

Table 6.2.2.1-2: SS signal level uncertainty

	
	Absolute signal level uncertainty for each cell
	Relative signal level uncertainty between multiple cells

	Intra-frequency
	+/-[6] dB at each test port
	+/-[6] dB

	Inter-frequency
	+/-[6] dB at each test port
	See Note 1

	Note 1:
For Inter-frequency cells the relative signal level uncertainty between multiple cells is determined by the absolute uncertainty of each cell, and does not have any additional constraint.


2.2 Default setting of serving cell
For LTE, the power level for serving and neighbour Intra/Inter frequency cells are defined as below in TS 36.508, Table 6.2.2.1-1:
-
Table 6.2.2.1-1: Default settings of suitable / non-suitable cells

	Power level type
	E-UTRAN
(Note 1-3)
	UTRAN
	GERAN

	
	Unit
	Power level
	
	

	Serving cell
	dBm/15kHz
	-85
	Table 6.1.1 (FDD) / 6.1.6a (TDD) [5]
	Table 6.1.10 [5]

	Suitable neighbour intra-frequency cell
	dBm/15kHz
	-91
	Table 6.1.2 (FDD) / 6.1.7 (TDD) [5]
	n/a

	Suitable neighbour inter-frequency cell
	dBm/15kHz
	-97
	Table 6.1.2 (FDD) / 6.1.7 (TDD) [5]
	Table 6.1.10 [5]

	Non-suitable cell
	dBm/15kHz
	-115
	Table 6.1.3 (FDD) / 6.1.8 (TDD) [5]
	Table 6.1.11 [5]

	Non-suitable "Off" cell
	dBm/15kHz
	≤ -145
	Table 6.1.4 (FDD) / 6.1.9 (TDD) [5]
	Cell is switched-off

	Note 1:
The power level is specified in terms of cell-specific RS EPRE instead of RSRP as RSRP is a measured value and cannot be directly controlled by the SS.

Note 2:
Power levels are specified based on the precondition that q-Hyst, a3-Offset and hysteresis are 0 dB.

Note 3:
The power level is specified at each UE Rx antenna.


For the LTE serving cell, the specified spectral density of -85dBm/15kHz can be scaled to give the total power in the channel bandwidth. For example, 20MHz channel bandwidth contains 100 RBs, each of which contains 12 subcarriers. This gives -85dBm/15kHz+10Log10(100 RBs)+ 10Log10(12 subcarriers per RB) = -54.2dBm. Allowing also for the +/-3dB SS uncertainty, the power in the 20MHz channel bandwidth could be up to -54.2dBm +3dB = -51.2dBm. This remains within the RAN4 side condition for UE RSRP measurement accuracy, from 36.133 v11.15.0:
Table 9.1.3.2-1: RSRP Inter frequency relative accuracy

	Accuracy
	Conditions

	Normal condition
	Extreme condition
	Ês/Iot Note 2
	Io Note 1 range

	
	
	
	E-UTRA operating band groups Note 4
	Minimum Io
	Maximum Io

	dB
	dB
	dB
	
	dBm/15kHz Note 3
	dBm/BWChannel

	(6
	(6
	(-6 dB
	FDD_A, TDD_A 
	-121
	-50

	
	
	
	FDD_C, TDD_C 
	-120
	-50

	
	
	
	FDD_D 
	-119.5
	-50

	
	
	
	FDD_E, TDD_E 
	-119
	-50

	
	
	
	FDD_F 
	-118.5
	-50

	
	
	
	FDD_G 
	-118
	-50

	
	
	
	FDD_H 
	-117.5
	-50

	NOTE 1:
Io is assumed to have constant EPRE across the bandwidth.

NOTE 2:
The parameter Ês/Iot is the minimum Ês/Iot of the pair of cells to which the requirement applies.

NOTE 3:
The condition level is increased by ∆>0, when applicable, as described in Sections B.4.2 and B.4.3. 

NOTE 4:   E-UTRA operating band groups are as defined in Section 3.5.


It is important to stay inside this range, otherwise the UE’s ability to measure and compare RSRP levels becomes unspecified. 
When deciding what power level to specify for the NR serving cell, there are three issues:

· NR has wider channel bandwidth: 10Log10(100MHz/20MHz) = +7dB
· NR will have higher SS Downlink power level uncertainty values ((3dB > (6dB), as mentioned in Proposal 1

· The RSRP Maximum Io side condition in dBm/Channel Bandwidth is not yet specified in RAN4 (TS 38.133)
The first two bullets suggest that we should reduce the spectral density from the LTE value of -85dBm/15kHz, to avoid exceeding -50dBm/Channel Bandwidth. As an initial estimate, we would reduce it by 7dB to allow for wider NR channel bandwidth, and by 3dB to allow for higher SS Downlink power level uncertainty. Noting that the worst case for LTE has over 1dB extra margin (max -51.2dBm/Channel Bandwidth), for NR we propose;

Serving Cell spectral density = (-85dBm/15kHz -7dB -3dB +1dB) = [-94dBm/15kHz]
This value is in [ ] as it depends whether RAN4 specifies the same Maximum dBm/Channel Bandwidth side condition as LTE, and is subject to checking with RAN1 NR specifications for maximum numbers of RB and subcarriers per RB. 
Proposal#2: Power level of Serving cell is [-94dBm/15kHz]
2.3 Default settings of suitable neighbour / non-suitable cells
For LTE, the RSRP measurement accuracy in E-UTRA RRC_CONNECTED state is specified in table 6.2.2.2-2, derived from TS 36.133 clauses 9.1.2 and 9.1.3 selecting Normal condition.
Table 6.2.2.2-2: RSRP measurement accuracy in E-UTRA RRC_CONNECTED state

	
	Absolute RSRP measurement accuracy
	Relative RSRP measurement accuracy

	Intra-frequency
	+/-6 dB
	+/-3 dB

	Inter-frequency
	+/-6 dB
	+/-6 dB


The SS Downlink power level uncertainty, the UE accuracy when measuring RSRP, and the serving cell power all affect the level chosen for suitable neighbour cells. For example, in E-UTRA, the power level difference between serving cell and inter-frequency neighbour cell in Table 6.2.2.1-1 is -85dBm/15kHz +97dBm/15kHz =12dB. This difference is derived from 3dB(serving cell SS Absolute signal level uncertainty)+3dB(Inter-frequency neighbour cell SS Absolute signal level uncertainty)+6dB(UE Inter-frequency Relative RSRP measurement accuracy), giving 12dB difference in nominal SS level. This difference is chosen to ensure that even in the worst case, the UE will always measure the neighbour cell as lower power than the serving cell. 
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As RAN4 has not yet specified any UE RSRP measurement accuracies in TS 38.133, or the range of side conditions over which the accuracy applies, the levels of Neighbour cells are TBD in TS 38.508. 
Proposal#3: Power level of Intra/Inter-Frequency Neighbour Cells are TBD until 38.133 defines RSRP measurement accuracy as shown in table below
Table 6.2.2.1-1: Default settings of suitable / non-suitable cells

	Power level type
	NR
(Note 1-3)
	E-UTRAN

	
	Unit
	Power level
	

	Serving cell
	dBm/15kHz
	-[94]
	Table 6.2.2.1-1 [2]

	Suitable neighbour intra-frequency cell
	dBm/15kHz
	TBD
	Table 6.2.2.1-1 [2]

	Suitable neighbour inter-frequency cell
	dBm/15kHz
	TBD
	Table 6.2.2.1-1 [2]

	Non-suitable cell
	dBm/15kHz
	TBD
	Table 6.2.2.1-1 [2]

	Non-suitable "Off" cell
	dBm/15kHz
	TBD
	Table 6.2.2.1-1 [2]

	Note 1:
The power level is specified in terms of SS/PBCH SSS EPRE instead of RSRP as RSRP is a measured value and cannot be directly controlled by the SS.

Note 2:
Power levels are specified based on the precondition that [q-Hyst, a3-Offset and hysteresis] are 0 dB.

Note 3:
The power level is specified at each UE Rx antenna.


3
Proposed Way Forward

It is proposed to have Proposal#1, Proposal#2 and Proposal#3 as way forward
