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1 Introduction

Concept of multi-band relaxation was introduced into TS 38.101-2 [1] during RAN4#89 (Nov-2018). The purpose of this contribution is to review this core requirement and check whether there is any ambiguity for defining conformance test specs.
This document just describes RAN4 intention (definition of core requirement), and how to define conformance test from core requirement is another discussion in R5-190122 [2].

2 Discussion

2.1 Multi-band relaxation in TS 38.101-2
MB relaxation (Multi-band relaxation) is defined in TS 38.101-2 as below. Relaxation defined in table 6.2.1.3-4 shall be applied to UEs supporting more than one FR2 band. According to the latest RAN4 specification (v15.4.0 draft), MB relaxation is applied to following three test cases.
· 6.2.1.3

UE maximum output power for power class 3 (Minimum peak EIRP)
· 6.2.1.3

UE maximum output power for power class 3 (Spherical coverage)

· 7.3.4.3

EIS spherical coverage for power class 3 (EIS Spherical coverage)
6.2.1.3
UE maximum output power for power class 3

For the UEs that support operation in multiple FR2 bands, minimum requirement for peak EIRP and EIRP spherical coverage in Tables 6.2.1.3-1 and 6.2.1.3-3 shall be decreased per band, respectively, by the peak EIRP relaxation parameter MBP,n and EIRP spherical coverage relaxation parameter MBS,n as specified in Table 6.2.1.3-4. For each combination of supported bands ΔMBP,n and ΔMBS,n apply to each supported band n, such that the total relaxations, ∑MBP and ∑MBS, across all supported bands does not exceed the total value indicated.

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

	n258, n260
	≤ 1.0
	≤ 0.753

	n258, n261
	≤ 1.0
	≤ 1.25

	n260, n261
	0.0
	≤ 0.752

	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


7.3.4.3
EIS spherical coverage for power class 3

For the UEs that support operation in multiple FR2 bands, the minimum requirement for EIS spherical coverage in Table 7.3.4.3-1 shall be increased per band, respectively, by the reference sensitivity relaxation parameter ∆MBS,n as specified in section 6.2.1.3.
3.2
Symbols

ΔMBP,n
Allowed relaxation to each, minimum peak EIRP and reference sensitivity due to support for multi-band operation, per band in a combination of supported bands

ΔMBS,n
Allowed relaxation to each, EIRP spherical coverage and EIS spherical coverage due to support for multi-band operation, per band in a combination of supported bands

∑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
2.2 Common understanding to MB relaxation
2.2.1 Definition of ΔMBP/S
Question 1
: Which is correct definition of MB relaxation?
· Option 1a

: MBP/S is defined based on measured value. If sum of MBP/S is lower than ∑MBP/S., UEs are regarded as PASS.
· Option 1b
: UEs declare MBP/S for each supporting FR2 band to fulfil MB relaxation requirement ∑MBP/S before testing. If measured value exceeds declared MBP/S in each band, UEs are regarded as FAIL even if ∑ [Measured value] smaller than ∑MBP/S.
This contribution (section 2.2.2) is based on Option 1a.
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Figure 2.2-1 Definition of MB relaxation

2.2.2 Common understanding
This section describes some concrete or specific cases to achieve same view among WG RAN5. Following common table will be used in this discussion. Values in column #2 to #5 mean how much value exceeds criteria. If criteria is 22.4 dBm and measured value is 22.2 dBm, value in this table becomes 0.20 dB (22.4 -22.2).
	#
	n257
	n258
	n260
	n261
	∑
	∑MBP
	Verdict

	00
	0.20
	0.40
	0.00
	0.30
	0.90
	1.70
	PASS


Unless otherwise stated, UE supporting Band n257, n258, n260, and n261 is considered as example.
Table 6.2.1.3-4: UE multi-band relaxation factors for power class 3

	Supported bands
	∑MBP (dB)
	∑MBS (dB)

	n257, n258, n260, n261
	≤ 1.7
	≤ 1.753


· Case #1
: General PASS cases
In following cases, UEs are regarded as 3GPP compliant (PASS) with MB relaxation.
	#
	n257
	n258
	n260
	n261
	∑
	∑MBP
	Verdict

	11
	0.20
	0.40
	0.20
	0.30
	1.10
	1.70
	PASS

	12
	0.50
	0.20
	0.20
	0.80
	1.70
	1.70
	PASS

	13
	1.70
	0.00
	0.00
	0.00
	1.70
	1.70
	PASS


· Case #2
: General FAIL cases
In following cases, UE are regarded as 3GPP incompliant (FAIL) even with MB relaxation.
	#
	n257
	n258
	n260
	n261
	∑
	∑MBP
	Verdict

	21
	0.60
	0.70
	0.80
	0.90
	3.00
	1.70
	FAIL

	22
	1.00
	0.00
	1.00
	0.00
	2.00
	1.70
	FAIL


Question 2-1
: For case #22, which FR2 bands to be regarded as FAIL?

· Option 2-1a
: All supporting bands (n257, n258, n260, n261)
· Option 2-1b
: FR2 bands which exceed criteria (n258, n261)
Considering the back ground to introduce MB relaxation that there is mutual interference among FR2 bands about RF characteristics, it seems that Option 2-1a is RAN4’s intention.
· Case #3
: Applicability of margin to the criteria
Only exceeded values (> 0) are considered for MB calculation. ∑ can’t be decrease even if there is margin (< 0) in some FR2 bands. In following case, UE are regarded as 3GPP incompliant (FAIL) even with MB relaxation.
	#
	n257
	n258
	n260
	n261
	∑
	∑MBP
	Verdict

	31
	1.00
	2.00
	-3.00
	0.00
	3.00
	1.70
	FAIL


· Case #4
: Upper limit of  MBS,n in band n260 (Note 3)
Following Note 3 is introduced in core requirement.
· NOTE 3:
For n260, maximum applicable MBS,n is 0.4 dB
With this limitation, in following cases, UEs are regarded as 3GPP incompliant (FAIL) even if ∑ doesn’t exceed MB relaxation.
	#
	n257
	n258
	n260
	n261
	∑
	∑MBS
	Verdict

	41
	0.20
	0.20
	0.50
	0.20
	1.10
	1.75
	FAIL

	42
	0.20
	0.00
	0.50
	0.00
	0.70
	1.75
	FAIL

	43
	0.00
	0.00
	0.50
	0.00
	0.50
	1.75
	FAIL


Question 4-1
: For case #41, 42, 43, which FR2 bands to be regarded as FAIL?

· Option 4-1a
: All supporting bands (n257, n258, n260, n261)
· Option 4-1b
: FR2 bands which exceed criteria of Spherical coverage (n257, n260)

· Option 4-1c
: Only Band n260

· Case #5
: MB calculation among test parameters
RAN5 conformance test conducts each test case with some test parameters (test points). Test point of MOP (Minimum peak EIRP) is defined as below in TS 38.521-2. In this case, following three test points are selected.
· Tp #1
: NC, Low range, BW 100 MHz, SCS 60 kHz, DFT-s-OFDM QPSK, Outer_Full
· Tp #2
: NC, Mid range, BW 100 MHz, SCS 60 kHz, DFT-s-OFDM QPSK, Outer_Full

· Tp #3
: NC, High range, BW 100 MHz, SCS 60 kHz, DFT-s-OFDM QPSK, Outer_Full
Table 6.2.1.1.4.1-1: Test Configuration Table

	Default Conditions

	Test Environment as specified in TS 38.508-1 [10] subclause [4.1]
	Normal

	Test Frequencies as specified in TS 38.508-1 [10] subclause [4.3.1]
	Low range, Mid Range, High range

	Test Channel Bandwidths as specified in TS 38.508-1 [10] subclause [4.3.1]
	100 MHz

	Test SCS as specified in Table 5.3.5-1
	60 kHz

	Test Parameters

	Test ID
	ChBw
	SCS
	Downlink Configuration
	Uplink Configuration

	
	Default
	Default
	N/A
	Modulation
	RB allocation (NOTE 1)

	1
	
	
	
	DFT-s-OFDM QPSK
	Outer_Full


In case each test point (Tp#1 to #3) fulfils the criteria while worst case doesn’t, it is unclear how to conclude verdict.
	#
	n257
	n258
	n260
	n261
	∑
	∑MBP
	Verdict

	Tp#1
	0.20
	0.70
	0.00
	0.10
	1.00
	1.70
	?

	Tp#2
	0.40
	0.20
	0.80
	0.20
	1.60
	1.70
	?

	Tp#3
	0.60
	0.00
	0.00
	1.00
	0.70
	1.70
	?

	Worst
	0.60
	0.70
	0.80
	1.00
	3.10
	1.70
	FAIL?


Question 5-1
: For this case, how to conclude verdict?
· Option 5-1a
: FAIL (MB calculation will be done among test parameters)
· Option 5-1b
: PASS (MB calculation will be done in each test parameter)
Proposal
Proposal 1
: RAN5 defines conformance test spec with common understandings in this document.
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