[bookmark: _Hlk514061252][bookmark: _GoBack]3GPP TSG-RAN WG4 Meeting #98-e	R4-2100892
Electronic Meeting, Jan. 25-Feb. 5, 2021

Title:	Discussion on FR1 test parameters and Figure of Merit
Source:	Samsung
Agenda item:	11.1.3.1
Document for:	Discussion
1.	Introduction
In RAN4#97e meeting, the maximum downlink RS-ERPE test parameter for FR1 MIMO OTA was discussed and agreement was achieved as following:
· Test Parameters for FR1 requirements
· For FR1 MIMO OTA performance requirements: 
· For band frequency <3GHz, the maximum downlink RS-ERPE should be -80dBm/15kHz for 10MHz gNB setting 
· Further study the maximum downlink RS-EPRE for frequency band >3GHz
· Further study the maximum downlink RS-EPRE for 40MHz bandwidth for the above frequency bands

Figure of Merit for FR1 MIMO OTA was also discussed and agreement was as following:
· Figure of Merit for NR MIMO OTA requirements
· For FR1 MIMO OTA performance requirements:
· For 10MHz CHBW testing, the 11 of total 12 PMODE should reach 70%TP. 
· For 40MHz CHBW testing, the restriction of PMODE at 70%TP is FFS.
· Group agreed to further check additional test metric with below options:
· Option 1：TP@90% can pass 10 of total 12 rotations
· Option 2：TP@95% can pass 10 of total 12 rotations
· 

In this contribution, we further discuss the maximum downlink RS-ERPE test parameter and the exception points for Figure of Merit, and our views are presented.
2. 	Discussion
2.1	FR1 test parameter: maximum downlink RS-ERPE
In last meeting, it was agreed to reuse the same maximum downlink RS-ERPE test parameter as that of LTE for 10MHz CHBW for band frequency <3GHz, i.e. -80dBm/15kHz. For wider CHBW, higher downlink power is expected due to bandwidth scaling to achieve the same RS-ERPE level; for higher frequency range, higher downlink power is also needed to compensate additional air path loss.
By scaling -80dBm/15kHz RS-ERPE to higher CHBW, about 6dB more downlink power for 40MHz CHBW is needed compared with 10MHz CHBW:
-80dBm/15kHz (-77dBm/30kHz) = -41.8dBm/10MHz = -35.7dBm/40MHz
Considering up to 7.125GHz frequency range, about 7.5dB more downlink power is needed compared with 3GHz:
20*log10(7.125/3) = 7.5dB
So for TDD bands covering frequency range higher than 3GHz with 40MHz test CHBW, gNB is supposed to output 13.5dB more downlink power to achieve -80dBm/15kHz (-77dBm/30kHz) RS-ERPE at test centre compared with FDD bands with 10MHz CHBW
Observation 1:	gNB is supposed to output 13.5dB more downlink power to achieve -80dBm/15kHz (-77dBm/30kHz) RS-ERPE at test centre for TDD bands higher than 3GHz with 40MHZ CHBW compared with FDD bands with 10MHz CHBW.
Then it is necessary to check if gNB at test equipment side has 13.5dB power headroom. The minimum range length for FR1 MIMO OTA is 1.2m, and the corresponding air loss at 7.125GHz is 51.1dB. So the test equipment need output power at least -35.7dBm+51.1dB=15.4dBm at probe; considering the design freedom of chamber size, for 3.5m range length, the corresponding air loss at 7.125GHz is 60.4dB, so the test equipment need output power at least -35.7dBm+60.4dB=24.7dBm at probe.
With post-PA path loss and probe antenna gain included, above required test equipment output power is already around the maximum output power limit with no much margin.
Observation 2:	to achieve -80dBm/15kHz (-77dBm/30kHz) RS-ERPE at test centre for TDD bands higher than 3GHz with 40MHZ CHBW, the required output power from test equipment is nearly reaching its maximum output power capability.
On one hand, test equipment limitation makes larger downlink RS-ERPE than 80dBm/15kHz (-77dBm/30kHz) not cost efficient; on the other hand, is there room to specify smaller downlink RS-ERPR than 80dBm/15kHz (-77dBm/30kHz) for TDD bands >3GHz with 40MHz CHBW?
According to the MIMO OTA performance requirements for LTE handheld UE specified in Table 8.1.1.1-1 and Table 8.1.1.1-2 in TS37.144 (reproduced as following for convenience), the gap between PRS-EPRE-MAX and TRMS requirement is about 10~15dB.
Table 8.1.1.1-1 (of TS37.144): Handheld UE TRMS minimum requirements for E-UTRA FDD roaming bands in free space and the primary mechanical mode
	
	Test 1

	Channel Model as defined in clause 8.2 in [7]
	SCME urban micro-cell

	Operating band
	Unit
	<REFÎor>

	
	
	Average, 70
	Average, 95

	1
	dBm/15 kHz
	-94.75
	-92.75

	2
	dBm/15 kHz
	TBD
	TBD

	3
	dBm/15 kHz
	-93.75
	-91.75

	4
	dBm/15 kHz
	TBD
	TBD

	5
	dBm/15 kHz
	-91.5
	-89.5

	7
	dBm/15 kHz
	-92.5
	-90.5

	8
	dBm/15 kHz
	TBD
	TBD

	12
	dBm/15 kHz
	TBD
	TBD

	13
	dBm/15 kHz
	TBD
	TBD

	19
	dBm/15 kHz
	-91.5
	-89.5

	20
	dBm/15 kHz
	TBD
	TBD

	28
	dBm/15 kHz
	TBD
	TBD

	32 (1)
	dBm/15 kHz
	TBD
	TBD

	NOTE 1:	Restricted to E-UTRA operation when carrier aggregation is configured. The downlink operating band is paired with the uplink operating band (external) of the carrier aggregation configuration that is supporting the configured Pcell.
NOTE 2:	Applicability for devices supporting 4-receiver architectures is not confirmed.



Table 8.1.1.2-1 (of TS37.144): Handheld UE TRMS minimum requirements for E-UTRA TDD roaming bands in free space and the primary mechanical mode
	
	Test 1

	Channel Model as defined in clause 8.2 in [7]
	SCME urban micro-cell

	Operating band
	Unit
	<REFÎor>

	
	
	Average, 70
	Average, 95

	38
	dBm/15 kHz
	-95.5
	-93.5

	39
	dBm/15 kHz
	TBD
	TBD

	40
	dBm/15 kHz
	TBD
	TBD

	41
	dBm/15 kHz
	-95.5
	-93.5

	42
	dBm/15 kHz
	TBD
	TBD

	46 (1,2)
	dBm/15 kHz
	TBD
	TBD

	NOTE 1:	This band is an unlicensed band restricted to licensed-assisted operation using Frame Structure Type 3  
NOTE 2:	In this version of the specification, restricted to E-UTRA DL operation when carrier aggregation is configured. 
NOTE 3:	Applicability for devices supporting 4-receiver architectures is not confirmed.



If the maximum downlink RS-ERPE parameter is further reduced, the gap between PRS-EPRE-MAX and TRMS requirement will be further narrowed and no much headroom left. Further reduced PRS-EPRE-MAX will also cause more exception points where 90% (or 95%) peak throughput could not be achieved. Moreover, given that FR1 TDD 4x4 MIMO OTA TRMS requirements will also be specified, there is no room to further reduce the maximum downlink RS-ERPE parameter from 80dBm/15kHz (-77dBm/30kHz).
Observation 3:	the limited gap between PRS-EPRE-MAX and TRMS requirement allows no room to further reduce the maximum downlink RS-ERPE parameter from 80dBm/15kHz (-77dBm/30kHz)
Based on above observations, it seems a good trade-off to also start with maximum downlink ERPR as 80dBm/15kHz (-77dBm/30kHz) for TDD bands.
Proposal 1:	As a starting point, PRS-EPRE-MAX (maximum downlink RS-ERPE) parameter shall be at least maintained as -80dBm/15kHz or equivalent (-77dBm/30kHz) for frequency band >3GHz and for 40MHz bandwidth. Test equipment vendors are encouraged to further check if RS-ERPE larger than -80dBm/15kHz (-77dBm/30kHz) is feasible or not.
2.2	FR1 Figure of Merit: exception points	
In last meeting, based on the same maximum downlink RS-ERPE parameter value as that of LTE, it was also agreed to reuse the same exception points rule as that of LTE for 10MHz CHBW which is FDD bands and thus frequency <3GHz, i.e., 11 of total 12 PMODE should reach 70%TP. Since the maximum downlink RS-ERPE is not determined yet for 40MHz CHBW, the exception points for 40MHz CHBW are for further study. It is observed that exception point number is highly related with the maximum downlink RS-ERPE parameter.
Observation 4:	exception points rule depends on the maximum downlink RS-ERPE parameter value
If the maximum downlink RS-ERPE parameter is determined as 80dBm/15kHz (-77dBm/30kHz) for frequency band >3GHz and for 40MHz bandwidth, considering the antenna pattern directivity is becoming more obvious for higher frequency, and considering the antenna unbalance between main antenna and diversity antennas especially for 4Rx bands, it is suggested to further study the exception points rule or depending on practical test.
Observation 5:	even if the maximum downlink RS-ERPE parameter is determined as 80dBm/15kHz (-77dBm/30kHz) for frequency band >3GHz and for 40MHz bandwidth, the exception point rule needs further study or depending on practical test
As to addition test metric other than at 70%TP, it is still open with two options: 90%TP vs 95% TP. It is observed that different standardization body defined different test metric other than 70%TP in LTE stage. At NR stage, there is opportunity to align them. For better test robustness and better reliability, 90%TP is preferred to be specified as the additional test metric.
Proposal 2:	90%TP rather than 95%TP is preferred as the additional test metric.

3. 	Conclusion
Observation 1:	gNB is supposed to output 13.5dB more downlink power to achieve -80dBm/15kHz (-77dBm/30kHz) RS-ERPE at test centre for TDD bands higher than 3GHz with 40MHZ CHBW compared with FDD bands with 10MHz CHBW.
Observation 2:	to achieve -80dBm/15kHz (-77dBm/30kHz) RS-ERPE at test centre for TDD bands higher than 3GHz with 40MHZ CHBW, the required output power from test equipment is nearly reaching its maximum output power capability.
Observation 3:	the limited gap between PRS-EPRE-MAX and TRMS requirement allows no room to further reduce the maximum downlink RS-ERPE parameter from 80dBm/15kHz (-77dBm/30kHz)
Proposal 1:	As a starting point, PRS-EPRE-MAX (maximum downlink RS-ERPE) parameter shall be at least maintained as -80dBm/15kHz or equivalent (-77dBm/30kHz) for frequency band >3GHz and for 40MHz bandwidth. Test equipment vendors are encouraged to further check if RS-ERPE larger than -80dBm/15kHz (-77dBm/30kHz) is feasible or not.
Observation 4:	exception points rule depends on the maximum downlink RS-ERPE parameter value
Observation 5:	even if the maximum downlink RS-ERPE parameter is determined as 80dBm/15kHz (-77dBm/30kHz) for frequency band >3GHz and for 40MHz bandwidth, the exception point rule needs further study or depending on practical test
Proposal 2:	90%TP rather than 95%TP is preferred as the additional test metric.
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