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1 Introduction
In Rel-15 FR2 UE RF technical specifications [1], requirements for four types of UE which are differentiated by different power classes have been defined. Among these four types of devices, the requirements for hand-held UE which is represented by power class 3 (PC3) were most thoroughly analysed and discussed. In contrast, the requirements for power class 4 (PC4) UE had only been discussed in one RAN4 meeting via a single technical contribution [2] where the corresponding draft CR was then endorsed in the same meeting without much of technical discussions [3]. As we turned to the attention of the UE types other than PC3, we have identified that PC4 REFSENS requirements might have been over-specified. In this contribution, we provide our analysis to illustrate why PC4 REFSENS requirements were over-specified. Based on the same analysis, we also propose new requirements PC4 REFSENS which include peak EIS and spherical coverage EIS requirements.                  
2 Discussion
In Rel-15 FR2 UE RF requirements, RAN4 has mostly been focused on the PC3 UE which also gathered the most technical contributions along with loads of rigorous discussions among all UE power classes before the agreement on the requirements was reached. In contrast, there was not much attention drawn for PC4 UE when the requirements were discussed and endorsed. In fact, the PC4 EIRP/EIS requirements had only been discussed in one technical contribution [2] and there was no any further discussion recorded in the chairman notes on how the final requirement numbers were arrived.

Recently as we turned to the attention of the UE types other than PC3, we have identified that PC4 REFSENS requirements might have been over-specified. Considering that PC3 EIRP/EIS requirements had been thoroughly discussed, its element budgeting shall be used as the baseline for deriving the requirements for other power classes as we expect most UE vendors would use the same IC technology and similar single transceiver path design for different types of UE. And what would mostly differentiate the requirements of different types of UE should be the number of antenna element in an antenna array. 
Observation 1: Among all FR2 UE power classes, PC3 requirements were most thoroughly analysed and rigorously discussed.
Observation 2: The element budgeting for PC3 EIRP/EIS requirements shall be used as the baseline for deriving the requirements for other power classes as the transceiver technology is expected to be similar among all UE types.

Observation 3: What would mostly differentiate the requirements of different types of UE should be the number of antenna element in an antenna array.

Based on this concept, as we put together the peak EIRP requirements for different power classes in the same table, as shown in Table 2-1, where we can observe that the EIRP number is roughly scaled with the antenna element number in an array which represents the behaviour of beamforming that the signal EIRP would increase by 6 dB when doubling the number of active antenna element in an array as the signals from each Tx path are summed up together in phase.
	Power Class
	Minimum Peak EIRP (dBm)
	# of Antenna Element 

	PC1
	40.0
	32

	PC2
	29.0
	8

	PC3
	22.4
	4

	PC4
	34.0
	16


Table 2-1 n257/n258 minimum peak EIRP requirements for all power classes

Observation 4: Beamformed EIRP theoretically would increase by 6 dB when doubling the number of active antenna element in an array.  

On the receiver side, the REFSENS or EIS improvement with increased active antenna element number in an array shall be accounted by the SNR improvement instead of array gain increase alone. And in theory by doubling the number of active antenna element in an array, the receive signal power would increase by 6 dB as they are combined in phase, while at the same time the noise power would be increased 3 dB when combined as they are uncorrelated in each RF receive path. As a result, when doubling the number of active antenna element in an array, the REFSENS or EIS improvement would be 3 dB.

Observation 5: Beamformed EIS theoretically would improve by 3 dB when doubling the number of active antenna element in an array. 
If we use PC3 REFSENS as the baseline and scale the REFSENS for PC1, PC2, and PC4, we can observe that the scaled PC1 REFSENS is very close to the current specification, while the scaled PC2 and PC4 REFSENS are substantially underachieved as compared to the current specifications, as shown in Table 2-2, or in another view that the current PC2 and PC4 REFSENS requirements might have been over-specified.   
	Power Class
	REFSENS (dBm)
	Scaled REFSENS (dBm)
	# of Antenna Element 

	PC1
	-97.5
	-97.3
	32

	PC2
	-94.5
	-91.3
	8

	PC3
	-88.3
	-88.3
	4

	PC4
	-97.0
	-94.3
	16


.

Table 2-2 n257/n258 REFSENS requirements comparison for all power classes at 50 MHz
In our view the PC4 REFSENS could have been over-specified as the requirements were approved based on a single technical contribution [2] which was revised from a discussion paper [4] where the receiver noise figure has been assumed at 6 dB which is substantially tighter than the RAN4 common assumption for FR2 noise figure at 10 dB.      

Observation 6: PC4 REFSENS could have been over-specified as the requirements were approved based on a revised discussion paper where the receiver noise figure has been assumed at 6 dB which is substantially tighter than the RAN4’s common assumption for FR2 noise figure at 10 dB.
To avoid the concern that a PC4 UE might fail the over-specified REFSENS requirements, it is proposed to loosen the PC4 EIS requirements by 2.5 dB as approximately scaled from the PC3 REFSENS requirements. And the proposed change to the current specifications are summarized in the following tables which will be implemented in a separate Rel-15 draft CR for endorsement.

Proposal: The PC4 REFSENS and EIS spherical coverage requirements are revised as in the following tables.

Table 7.3.2.4-1: Reference sensitivity for power class 4

	Operating band
	REFSENS (dBm) / Channel bandwidth

	
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	n257
	-94.5
	-91.5
	-88.5
	-85.5

	n258
	-94.5
	-91.5
	-88.5
	-85.5

	n260
	-92.5
	-89.5
	-86.5
	-83.5

	n261
	-94.5
	-91.5
	-88.5
	-85.5

	NOTE 1:
The transmitter shall be set to PUMAX as defined in subclause 6.2.4


Table 7.3.4.4-1: EIS spherical coverage for power class 4

	Operating band
	EIS at 20th%ile CCDF (dBm) / Channel bandwidth

	
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	n257
	[-85.5]
	[-82.5]
	[-79.5]
	[-76.5]

	n258
	[-85.5]
	[-82.5]
	[-79.5]
	[-76.5]

	n260
	[-80.5]
	[-77.5]
	[-74.5]
	[-71.5]

	n261
	[-85.5]
	[-82.5]
	[-79.5]
	[-76.5]

	NOTE 1:
The transmitter shall be set to PUMAX as defined in subclause 6.2.4

NOTE 2:
The EIS spherical coverage requirements are verified only under normal thermal conditions as defined in Annex E.2.1.


3 Conclusion
In this contribution, we propose to revise the PC4 REFSENS and spherical coverage EIS requirements which could have been over-specified.     
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