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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the previous meeting, two way forwards were agreed to establish guidelines for NR conformance testing. 
Agreed way forward [2]
· RAN4 should consider possible reduction of BS NR conformance test cases, to avoid excessive test permutations, due to large number of supported channel bandwidths and SCSs in NR.
· For each frequency range (FR1 and FR2) adequate number of test cases should be chosen taking into account requirement by requirement:
· Channel bandwidth:
· Limited number of channel bandwidths should be considered. FFS to test maximum supported CBW by BS, and one of the smaller supported CBW
· Sub-carrier spacing:
· If the BS support more than one SCS, not all SCS need to be considered in test cases 
· Modulation scheme:
· Limited number of modulation scheme should be considered (it’s not precluded to have to test all modulation scheme for EVM requirement and Dynamic range).
· Other factors are not precluded.
Way forward [1] - TC types
· Five test configurations should be defined for NR BS conformance testing
· NRTC1: NR contiguous spectrum operation
· NRTC2: Contiguous CA occupied bandwidth
· NRTC3: NR non-contiguous spectrum operation
· NRTC4: NR multi-band test configuration for full carrier allocation
· NRTC5: NR multi-band test configuration with high PSD per carrier
Way forward [1] - TC generation
· Test configuration generation for E-UTRA can be a starting point for NR conformance testing.
· Declared maximum Base Station RF Bandwidth should be used.
This contribution expands upon those agreements and proposes some example test models for the agreed test configurations.
Discussion
With the agreements from the way forwards, additional details for test models are presented.
Test description and configurations
Using the guideline of section 4.8 of 36.141 [3] as a starting point, the test description can be adopted without any major changes. The test configurations listed in Table 4.11-1, Table 4.11-2, and Table 4.11-3 of [3] can be reused after a simple replacement of “ETC” by “NRTC”. However, with the introduction of SDL and SUL, additional combinations may be need to be included.
Proposal 1: Using test configuration generation for E-UTRA as a baseline, test combinations for SUL and SDL are needed.
Test models
Although NR has a different frame structure, many aspects of the test models in section 6.1.1 of [3] can be reused. Table 1 recites the test models for 36.141.
[bookmark: _Ref514063000]Table 1. Test models from 36.141
	Section within 36.141
	Model
	Goals

	6.1.1.1
	1.1
	BS output power
Unwanted emissions
-	Occupied bandwidth
-	ACLR
-	Operating band unwanted emissions
-	Transmitter spurious emissions
Transmitter intermodulation
RS absolute accuracy

	6.1.1.2
	1.2
	Unwanted emissions
-	ACLR
-	Operating band unwanted emissions

	6.1.1.3
	2
	Total power dynamic range (lower OFDM symbol power limit at min power),
-	EVM of single 64QAM PRB allocation (at min power)
-	Frequency error (at min power)

	6.1.1.3a
	2a
	Total power dynamic range (lower OFDM symbol power limit at min power),
-	EVM of single 256QAM PRB allocation (at min power)
-	Frequency error (at min power)

	6.1.1.4
	3.1
	Output power dynamics
-	Total power dynamic range (upper OFDM symbol power limit at max power with all 64QAM PRBs allocated)
Transmitted signal quality
-	Frequency error
-	EVM for 64QAM modulation (at max power)

	6.1.1.4a
	3.1a
	Output power dynamics
-	Total power dynamic range (upper OFDM symbol power limit at max power with all 256QAM PRBs allocated)
Transmitted signal quality
-	Frequency error
-	EVM for 256QAM modulation (at max power)

	6.1.1.5
	3.2
	Transmitted signal quality
-	Frequency error
-	EVM for 16QAM modulation

	6.1.1.6
	3.3
	Transmitted signal quality
-	Frequency error
-	EVM for QPSK modulation



Modulation, SCS, Bandwidths
Most of the test cases for LTE are applicable to NR. However, since the features of NR are generally a superset of LTE, reducing test scenarios, as stated in the WF [2], are will be examined. Consider the modulation and SCS combinations in Table 2.
[bookmark: _Ref514062944]Table 2. Possible modulation and SCS combinations
	Modulation
	SCS
	Comments

	pi/2 – BPSK
	FR1: 15, 30, [60]
	

	
	FR2: 60, 120, [240]
	

	QPSK
	FR1: 15, 30, [60]
	

	
	FR2: 60, 120, [240]
	

	16-QAM
	FR1: 15, 30, [60]
	

	
	FR2: 60, 120, [240]
	

	64-QAM
	FR1: 15, 30, [60]
	

	
	FR2: 60, 120, [240]
	

	256-QAM
	FR1: 15, 30, [60]
	

	
	[FR2]
	TBD

	[1024-QAM]
	[FR1] 
	Defined for LTE

	
	[FR2]
	




In Table 1, there are EVM tests for QPSK, 16-QAM, 64-QAM (min and max power), and 256QAM (min and max power) for 6 bandwidth LTE. In NR, the SCS combinations and bandwidths increase the number of tests. For NR, the bandwidths are listed in Table 5.3.2-1 (for FR1) and Table 5.3.2-2 (for FR2) [5]. Some bandwidth/SCS combinations should be excluded (e.g., 5 MHz and 60 kHz SCS, 60 MHz and 15 kHz SCS).
One possible approach to reduce the number of tests is listed in Table 3.
[bookmark: _Ref514063923]Table 3. Possible combinations for testing
	Modulation
	SCS
	BW notes

	pi/2 – BPSK
	FR1: 15
	Min BW

	
	FR2: 60
	Min BW

	QPSK
	FR1: 15
	Min BW, Max BW  (≤50 MHz)

	
	FR2: 60
	Min BW, Max BW

	16-QAM
	FR1: 15, 30
	For 15 kHz SCS, min and mid BW (≤50 MHz). For 30 kHz, mid and max BW

	
	FR2: 60, 120
	For 60 kHz SCS, min and mid BW. For 120 kHz, mid and max BW

	64-QAM
	FR1: 15, 30
	For 15 kHz SCS, min and mid BW (≤50 MHz). For 30 kHz, mid and max BW

	
	FR2: 60, 120
	For 60 kHz SCS, min and mid BW. For 120 kHz, mid and max BW

	256-QAM
	FR1: 15, 30
	For 15 kHz SCS, min and mid BW (≤50 MHz). For 30 kHz, mid and max BW

	
	[FR2]
	TBD



The motivation for Table 3 are:
· BPSK is used for reliability. Using higher SCS and larger BWs do not seem reasonable.
· QPSK: similar comments at BPSK. However larger BWs are needed for testing
· 16-QAM, 64-QAM, 256-QAM: divide the range: 15 kHz SCS for small BW, 30 kHz SCS for larger BWs.
Proposal 2. The modulation, the SCS, and BW combinations for testing should mimic typical deployment configurations.
One aspect not considered is the support of mixed numerologies. Should it be tested and what are the metrics for testing?
Observation 1. The base station can support transmission of mixed numerologies. Should metrics be defined for characterizing the transmission of mixed numerologies?
Framework, Channels
The general parameters for testing follow [6]. 
· TX signals are defined for single antenna port (1-TX, p = 0): 1 code word, 1 layer, no precoding. TX requirements shall be tested separately for each antenna port.
· Duration of 10 subframes (10 ms), required for EVM averaging. Note that with higher SCS, the number of slots per subframe increases. It is unclear whether to use the number of slots for testing or retain subframe durations.
· Short CP
· Virtual resource blocks of localized type
However, all reference signals are either group or UE-specific with varying degrees of density.
Proposal 3. The reference signal density and type of DMRS should be selected.

The channels should follow the framework of Table 6.1.1.1-1 of [3]. 
· Channels (Framework of Table 6.1.1.1-1 of [3] can be reused)
· DMRS: boosting per channel needed
· Synchronization signal: if present, its values should match the PBCH
· PBCH: may be present depending on frame structure
· No PCFICH, PHICH present
· PDCCH: because the location is configurable in terms of symbols and RBs occupied, the starting location in frequency, and starting location in time, it can be placed in the first symbol of a slot, starting at the first RB. The remaining RBs of the first symbol can be null or can be occupied by a shared channel
· PDSCH: no changes needed
Because SS blocks are periodic on a half-frame basis, by selecting the correct subframes, two fewer channels are needed. 
Proposal 4. SS blocks are not needed for transmitter tests.
Whether to use all resources of the PDCCH or combinations of the hashing function and aggregation level (with null REGs) is to be determined.
For TDD, the number of DL and UL slots in a period are needed. Since the “special subframe” is needed to transition from DL to UL, format 31 in Table 4.3.2-3 of 38.211 [4] should be used since it mimics Table 6.1.1-1 of 36.141 [3].
Proposal 5. Since one configuration for TDD is DL, “special subframe”, UL, testing follows FDD with an accommodation for the “special subframe”
One observation about the PDSCH RB allocation for the tests. To simplify the tests, a simple formula can be used to identify the PRBs that are used. For example, hashing functions can be used (such as the ones used for offset for CCEs. 
Conclusion
Some observations in the contribution are presented.
Observation 1. The base station can support transmission of mixed numerologies. Should metrics be defined for characterizing the transmission of mixed numerologies?
The conclusions are.
Proposal 1: Using test configuration generation for E-UTRA as a baseline, test combinations for SUL and SDL are needed.
Proposal 2. The modulation, the SCS, and BW combinations for testing should mimic typical deployment configurations.
Proposal 3. The reference signal density and type of DMRS should be selected.
Proposal 4. SS blocks are not needed for transmitter tests.
Proposal 5. Since one configuration for TDD is DL, “special subframe”, UL, testing follows FDD with an accommodation for the “special subframe”

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]References
[bookmark: _Ref513648045]R4-1805872, “WF on test configuration for NR BS conformance testing”, Huawei, Ericsson, Nokia, RAN4#86B, Apr. 16-20, 2018.
[bookmark: _Ref513647682][bookmark: _GoBack]R4-1805873, “WF on minimum set of test cases for NR conformance testing”, Nokia, Nokia Shanghai Bell, Huawei, Ericsson, RAN4#86B, Apr. 16-20, 2018.
[bookmark: _Ref513706058]36.141
[bookmark: _Ref513714079]38.211
[bookmark: _Ref513716167]38.104
[bookmark: _Ref514067083]R4-080565, “On E-UTRA Test Models in TS 36.141”, Nokia Siemens Networks,  RAN4#46bis, Mar. 31 – Apr. 4, 2008.

