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Introduction
In this contribution we provide further considerations on the Noc setting for RRM tests.
Discussion
In OTA testing, it is necessary to set the level of test signals such that they meet relevant UE side conditions for both minimum received power of the SSB (SSB_RP) and maximum total channel power (Io), Discussions took place in RAN4#91 and a number of agreements were already reached during the discussion of the way forward, as can be seen from the meeting report.
	· Test cases where noise is added shall by default use Noc ≥6dB above the assumed UE noise floor
· This gives a worst case residual impact of UE self-noise at baseband of 1dB
· To allow for this, 1dB margin shall be allowed in the lowest Es/Iot tested with respect to the Es/Iot side condition
· Eg if the side condition is Es/Iot≥-6dB, the test should target -5dB as lowest applied Es/Iot at reference point
· The assumed UE noise floor may be found from applicable side condition (Minimum SSB_RP) already specified in annex B.2 by
· UE assumed noise floor in dBm/120kHz=Minimium SSB_RP-ΔRRM,sc 
· ΔRRM,sc = -6dB if intra minimum SSB_RP is used, or equivalently -4dB if inter minimum SSB_RP is used will give same value
· Maximum Io RRM side condition of -50dBm for measurement also needs to be met in all tests



For reference,  figure 1 was also included in the way forward, and shows the theoretical relationship between the residual impact of UE self-noise, and the Noc level above UE self-noise. The worst case assumed UE self-noise level can simply be calculated from he lower side condition (SSB_RP) according to
UE noise floor = FR2 intra SSB RP condition +6 dB
Or equivalently
UE noise floor = FR2 inter SSB RP condition + 4 dB
Both expressions will give the same numerical value.

Figure 1 : Worst case residual impact of UE self-noise
The lower side condition (SSB_RP) for NR RRM measurements depends on band, power class and whether the requirement is applied in peak beam direction or not. It also depends on the applicable multiband relaxation for the UE under consideration (ΣMBP, ΣMBS).  There is also a different side condition for minimum SSB_RP for intrafrequency and interfrequency requirements, although the actual UE receiver noise level is assumed to be the same for both types of the requirements and the difference is that the UE is able to deal with -6dB SNR in intrafrequency requirements and -4dB SNR in interfrequency requirements.
We begin by discussing whether Noc level (on which other levels are specified relative to) in OTA RRM tests should be band agnostic, power class agnostic and multiband relaxation agnostic.
Band agnostic Noc level
The way forward proposed two options
· Whether Noc level is agnostic to band and UE Power class
· Option 1: define based on worst case (currently PC3, n260)
· Option 2: define a different Noc for each band -> impacts all other power levels in the test
Although this part of the way forward was not agreed, these options are mutually exclusive and there does not seem to be too many other alternatives. The main benefit for option 2 is that with band specific Noc settings, the test can be targeted at a slightly tougher level (i.e. worse SNR) on bands where the sensitivity is greater. On the other hand, even in these cases the UE may have a less noisy receiver than is assumed by RAN4 so there is no way to ensure that the UE is tested at exactly -4db/-6dB Es/Iot as specified in core requirements. Since the worst case residual impact of UE self-noise is 1dB, the additional benefit of band specific Noc level is somewhat limited at any rate.
It will greatly complicate both specification and implementation of tests if Noc levels are band specific. There are already many factors that need to be taken into account in choosing a suitable test point such as test type (fine beam or rough beam test), test OTA setup (setup 1/2A/2B/3) and whether the test is intrafrequency or interfreqency, SSB SCS etc. As all other levels in the test are derived from Noc it does not seem beneficial to define band specific Noc. Hence we propose
Proposal 1 : Noc level in OTA RRM tests is defined based on worst case band (currently n260)
Note that this may limit the maximum attainable SNR. However, if a certain test is unfeasible with band agnostic Noc level, then the implication is that there would anyway be some bands on which the test could not be run, even in the band specific approach. Hence our preference is to modify the test procedures if the maximum attainable SNR becomes a limiting factor.
Power class agnostic Noc level
Very similar argumentation can be applied to the power class dependency of Noc. So we similarly propose
Proposal 2 : Noc level in OTA RRM tests is defined based on worst case power class (currently PC3)

Multiband relaxation
Two relaxation factors are defined in 38.101-2
∑MBP	Total allowed relaxation to each, minimum peak EIRP and reference sensitivity due to support for multi-band operation, for all bands in a combination of supported bands
∑MBS	Total allowed relaxation to each, EIRP spherical coverage and EIS spherical coverage due to support for multi-band operation, for all bands in a combination of supported bands
An upper bound is also specified in 38.101-2
Table 6.2.1.3-4: UE multi-band relaxation factors for power class 3
	Supported bands
	∑MBP (dB)
	∑MBS (dB)

	n257, n258
	≤ 1.3
	≤ 1.25

	n257, n260
	≤ 1.0
	≤ 0.753

	n258, n260
	≤ 1.0
	≤ 0.753

	n258, n261
	≤ 1.0
	≤ 1.25

	n260, n261
	0.0
	≤ 0.752

	n257, n258, n260
	≤ 1.7
	≤ 1.753

	n257, n258, n261
	≤ 1.7
	≤ 1.75

	n257, n260, n261
	≤ 0.5
	≤ 1.253

	n258, n260, n261
	≤ 1.5
	≤ 1.253

	n257, n258, n260, n261
	≤ 1.7
	≤ 1.753

	NOTE 1:	The requirements in this table are applicable to UEs which support only the indicated bands
NOTE 2:	For supported bands n260 + n261, ΔMBS,n is not applied for band n260
NOTE 3:	For n260, maximum applicable MBS,n is 0.4 dB


From this table, it can be seen that for release 15 supported bands, the maximum ∑MBP is 1.7dB and for ∑MBS,, the maximum value is 1.75dB. Again, we consider that there is merit in defining generic test cases that can be run on many different kinds of UEs, and there are few advantages to making tests specific for a certain set of supported bands, especially as we can anticipate that many new bands will be added in future, and the number of combinations may explode.
To allow that future versions of 38.101-2 may have a larger ∑MBP  and ∑MBS specified, we propose to allow 2dB margin in the Noc setting which is sufficient (with 0.3/0.25dB extra margin) considering the current bands in 38.101-2 and may allow the tests to be unchanged even if a slightly higher relaxation is allowed for some future supported bands.

Proposal 3 : Noc level in OTA RRM tests is defined based on an additional 2dB to cover worst case ∑MBP  and ∑MBS
Noc level
Given proposals 1-3 and the agreement to use a 6dB level/1dB residual SNR impact, we are now in a position to calculate lowest Noc levels which still depend on minimum SSB_RP for the given test according to
Noc = Minimum SSB_RP for n260 PC3 for given test + 2 – (SC) +6
SC is the side condition (Es/Iot) assumed in the derivation of the side condition.
As an example, the Noc levels for measurement tests (rough beam)
	
	Noc/120kHz SCS
	Noc/240kHz SCS

	Rough beam, non-peak direction
	-82.9
	-79.9

	Rough beam, peak direction
	-95.5
	-92.5



Table 1:Noc level/SCS for measurement test cases (rough beam) in peak and non-peak direction for different SCS 
For reference, we also compute Noc power over the channel bandwidth in table 2. Note that Noc level over 95.04MHz is numerically the same for 240kHz SCS because the channel BW is still 100MHz.
	
	Noc/95.04MHz

	Rough beam, non-peak direction
	-53.91

	Rough beam, peak direction
	-66.51


Table 2:Noc level/95.04MHz for measurement test cases (rough beam) in peak and non-peak direction
It may be observed from table 2 that the minimum Noc level for rough beam tests in non-peak direction is already fairly close to the maximum Io side condition for measurements (-50dBm). This limits the feasible SNR which may be tested, since the test needs to be defined such that when wanted signals are added, the total signal power is still below -50dBm.
In RAN4#91, there were discussions on the achievable SINR. The limiting case is rough beam in non-peak direction, and the achievable SINR is shown in table 3 for different scenarios, (in all cases Io=-50dBm).
	
	Es/Iot for tests with non-peak beam direction (dB)
	Es/Iot for tests with peak beam direction (dB)

	One cell or setup 3 (2 TDMed cells)
	1.65
	16.41

	Two equal power cell setup
	-1.36
	13.40

	Two cell lowest fixed at -5dB Es/Iot
	0.59
	16.38

	Two cell lowest fixed at -3dB Es/Iot setup 1/2
	-0.17
	16.36


Table 3: Maximum testable Es/Iot for different rough beam setups, fully allocated cells
Table 3 appears to be a very significant limitation on high SNR testing, at least for the tests that are required to be performed in spherical coverage rather than beam peak. Various proposals can be considered to somewhat improve the situation, e.g. if allocated BW of cells is limited to  20RB then the power of the wanted signal can be limited somewhat, as shown in table 4.
	
	Es/Iot for tests with non-peak beam direction (dB)
	Es/Iot for tests with peak beam direction (dB)

	One cell or setup 3 (2 TDMed cells)
	6.83
	21.59

	Two equal power cell setup
	3.82
	18.58

	Two cell lowest fixed at -5dB Es/Iot
	5.77
	21.56

	Two cell lowest fixed at -3dB Es/Iot setup 1/2
	5.01
	21.54


 Table 4: Maximum testable Es/Iot for different rough beam setups, 20 RB allocated cells
Nevertheless, considering that many RRM tests use 2 cells, and RAN5 will need to add further margins when practical test tolerances are considered, the achievable SINR is still quite limited. Moreover, using 20RB allocation is less demanding from a UE implementation perspective than a fully allocated cell, considering receiver dynamic range.
On this basis it can also be argued that in practice, an n260/PC3 UE will clearly face Io levels more than 9.9dB above its assumed rough beam noise floor.  The -50dBm maximum Io side condition has been inherited from WCDMA to LTE to NR without modification, even though in that time the channel BW has increased hugely. Hence, we consider that it would be highly desirable to revisit the -50dBm side condition.
Proposal 3: The -50dBm Io condition for RRM requirements is revisited for FR2, considering that a wider bandwidth system is being specified.
The most natural way to re-specify the Io condition would be based on assuming the same power spectral density as was assumed for WCDMA; this corresponds to scaling by a factor of 10*log10(95.04/3.84) ≈14dB.
Proposal 5: -50dBm side condition for FR2 is replaced by -36dBm, at least when 95.04MHz channel BW is used
If proposal 4 is accepted, Es/Iot of +14.83dB or better can be achieved in all RRM tests (+14.83 is for the worst case of 2 equal cells, non-peak direction, 66 RB RMC/ONCG allocation). Hence concerns on SINR control largely disappear, and even when additional test tolerances are added by RAN5, or if RAN4 ever specifies a band or UE operating condition with poorer sensitivity it should still be quite feasible to perform tests.
Based on acceptance of proposal 4, there seems to be no strong motivation to use less than fully allocated RMC/ONCG in RRM tests.
Proposal 6 : RMC and OCNG use full channel BW
Conclusions
Firstly we discuss Noc setting for RRM tests, noting the existing agreements:
· Test cases where noise is added shall by default use Noc ≥6dB above the assumed UE noise floor
· This gives a worst case residual impact of UE self-noise at baseband of 1dB
· To allow for this, 1dB margin shall be allowed in the lowest Es/Iot tested with respect to the Es/Iot side condition
· Eg if the side condition is Es/Iot≥-6dB, the test should target -5dB as lowest applied Es/Iot at reference point
We further propose to evaluate Noc levels for tests in a generic manner:
Proposal 1 : Noc level in OTA RRM tests is defined based on worst case band (currently n260)
Proposal 2 : Noc level in OTA RRM tests is defined based on worst case power class (currently PC3)
Proposal 3 : Noc level in OTA RRM tests is defined based on an additional 2dB to cover worst case ∑MBP  and ∑MBS
Given proposals 1-3 and the agreement to use a 6dB level/1dB residual SNR impact, the lowest Noc level for a given test can be found from side conditions according to:
Noc = Minimum SSB_RP for n260 PC3 for given test + 2 – (SC) +6
SC is the side condition (Es/Iot) assumed in the derivation of the side condition.
Next, we analyze the achievable SNR in different scenarios, and conclude that the -50dBm Io side condition is quite limiting to what can be tested, especially in rough beam multicell tests and considering that additional margins will still need to be added for test tolerances. Considering that the same Io condition has been used since WCDMA (with 3.84MHz bandwidth), we propose:
Proposal 4: The -50dBm Io condition for RRM requirements is revisited for FR2, considering that a wider bandwidth system is being specified.
Proposal 5: -50dBm side condition for FR2 is replaced by -36dBm, at least when 95.04MHz channel BW is used
If proposal 4 is accepted, Es/Iot of +14.83dB or better can be achieved in all RRM tests (+14.83 is for the worst case of 2 equal cells, non-peak direction, 66 RB RMC/ONCG allocation). Hence concerns on SINR control largely disappear, and even when additional test tolerances are added by RAN5, or if RAN4 ever specifies a band or UE operating condition with poorer sensitivity it should still be quite feasible to perform tests. Hence we propose
Proposal 6 : RMC and OCNG use full channel BW
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