[bookmark: _GoBack]3GPP TSG-RAN WG4 #98-e	R4-2102417
January 25th ‒ February 5th, 2021
Electronic Meeting


Agenda item:	9.34.2.2
Source: 	Qualcomm Incorporated
Title: 	PC 1.5 for bands n77 and n78
Document for:	Approval
Introduction
Power class 1.5 with UE maximum output power of 29 dBm has been introduced into the 38.101-1 specification for Band n41 [1].  More recently, a new work item [2] was agreed to introduce power class 1.5 for bands n77 and n78.
Discussion
The objectives for the PC1.5 work item from [2] are shown below
The objective of this work is to develop RF requirements that are applicable to new power UE mobile device and FWA operations over the 3GPP NR band n77 and n78, including
1. Introduce PC1.5 (29 dBm) power class and all associated requirements to both band n77 and n78 to enable single component carrier UL operation and dual-PA equipped devices for standalone NR operation. 
a. The PC1.5 specifications are applicable to both mobile and FWA form factors
b. The PC1.5 specifications are applicable over the entire frequency range of Bands n77 and n78 and are not limited to operation in the US.  All regional regulations shall be adhered to.
2. Specify A-MPR for PC1.5 for Band n77 and n78 if needed
3. Reuse existing mechanism for PC1.5 to meet the regional SAR limit for n77 and n78 handheld device and meet all of the regulatory requirements.
UE device types -- FWA and mobile UE
Two types of devices are mentioned in the WID – UE mobile device and fixed wireless access (FWA) device.  Power class 1.5 is intended to be applicable to both of these power classes, however, the 38.101-1 UE specifications do not clearly distingush different types of UE’s.  The following mention of FWA are made in 38.101-1 
From Table 5.2D-1
Table 5.2D-1: NR operating bands for UL MIMO in FR1
	NR operating band

	n1

	n2

	n3

	n7

	n25

	n301

	n34

	n38

	n39

	n40

	n41

	n46

	n48

	n66

	n70

	n712

	n77

	n78

	n79

	n96

	NOTE 1:	Uplink transmission is not allowed at this band for UE with external vehicle-mounted antennas.
NOTE 2:	UL MIMO is targeted for FWA form factor.



From Table 7.3.2-2
Table 7.3.2-2: Four antenna port reference sensitivity allowance ΔRIB,4R
	Operating band
	ΔRIB,4R (dB)

	n28, n71
	-2.71

	n1, n2, n3, n30, n40, n7, n34, n38, n39, n41, n66, n70
	-2.7

	n48, n77, n78, n79
	-2.2

	NOTE 1:	4 Rx operation is targeted for FWA form factor



The purpose of identifying FWA form factor is to provide guidance to the designer that UL and DL MIMO are targeted for FWA form factors; in other words, it is not expected that UL and DL MIMO in the low frequency bands are available in mobile handheld UE’s.  On the other hand, there is nothing in the requirements prohibiting a mobile handheld UE from supporting MIMO in these bands, so long as it can meet the associated minimum requirements.
For PC 1.5, there is similarly a performance gap achievable by an FWA form factor device that may not be met by a mobile handheld UE.  The FWA device is not as constrained in size, power consumption, and thermal dissipation in the same way that a mobile UE is.  Therefore, it should be possible for the FWA device to outfit more antennas, achieve better antenna placement and isolation, as well as possibly employ a more linear front-end design with improved filtering.  The FWA device may also have more modest requirements in the number of bands to be supported which can reduce its front-end complexity offseting the increase the complexity coming from a higher number of antennas to support higher order MIMO.
Two approaches can be envisioned to derive specifications for the FWA device and the mobile UE.  The first is to derive requirements based on the worst case performance between all form factors.  In this case, that is expected to be the mobile UE.  In this way, a FWA device should be able to easily meet the requirements and should very likely exceed them significantly.  At the same time, mobile UE devices will not be held to more stringent requirements that only FWA device could meet.  The second approach is to define two sets of requirements where they are expected to differ; for example, there may be two reference sensitivity requirements with a more stringent one for FWA and a more relaxed one for mobile UE devices.  
Observation:  Two approaches are available to derive requirements for FWA and mobile UE.  The minimum requirement is based on mobile UE with the expectation that FWA can easily meet this, or two sets of requirements are defined according to each device type.
The advantage of defining a single set of requirements based on mobile UE is its simplicity.  Not only is a single set of requirements simpler from a requirements perspective, it also simplifies signaling or declaration since the UE does not need to indicate to the tester or to the network which set of requirements it complies with.  Moreover, single set of requirements has already been defined for PC1.5 in Band n41 since FWA was not a specific consideration in that work item; therefore, the same requirements in Band n77 and n78 can be extended more straightforwardly.  The disadvantage to following this simpler approach is that it does not adequately specify the requirement for an FWA.  It is clear that an FWA device is very different from a handheld mobile UE.  While there is an expectation that the FWA device should be able achieve superior performance compared to mobile UE, there is no 3GPP requirement to verify this.  The only additional requirements available are those associated with UL and DL MIMO which are also expected of a mobile UE in the 3.5 GHz frequency range (band n77 and n78 are bands where 4 Rx antenna ports are designated to be the baseline according to Note 1 of Table 7.3.2-1 in TS 38.101-1).  
When the requirements were derived for PC 1.5 in Band n41, a set of assumptions was taken based on handheld mobile UE device parameters.  For example, assumptions for MPR were agreed in [3] as follows
· Antenna isolation of 10 dB
· Post PA loss of 4 dB
· Two 26 dBm Tx chains (NR)
· Equal Power on both transmit chains
· Various channel and allocation BWs, with focus on “worst case” allocations
· RB size, allocation position, waveform, and modulation should be the same between two transmitters
· Results for both CP-OFDM and DFT-S-OFDM are welcome, with the priority being CP-OFDM because it is expected to be worst case
· Determine back-off required to meet OOBE, ACLR and EVM specifications
· Goal is to take data from multiple sources and define A-MPR curves for PC1.5 UL MIMO and Transmit diversity accommodating different implementations
Since an FWA device is quite different from a handheld mobile UE, the same assumptions may not apply for the FWA.  
Proposal 1:  It is proposed to evaluate whether the assumptions to derive performance requirements for FWA should be modified from those previously used for mobile UE.  
General requirements
The general requirements for PC 1.5 have already been completed as part of [1].  Therefore, the UE requirements such as Tx power tolerance, spurious emission requirements, and signal quality requirements for PC 1.5 are already included in the specifications for single carrier, UL MIMO, and transparent Tx diversity operation.  The underlying assumption is a dual PA architecture with each chain independently capable of transmitting 26 dBm.  SAR signaling mechanisms are also available whereby the UE can indicate its uplink duty cycle capability to the network scheduler with a default value of 25%.  For FWA devices, the SAR constraints and requirements are different than those for a handheld mobile UE.  Therefore, it is proposed that SAR mechanisms and the default uplink duty cycle of 25% should be reconsidered for FWA.
Proposal 2:  General requirements such as Tx power tolerance, spurious emissions, and signal quality are already defined in the specifications.  SAR mechanisms including the 25% default value for uplink duty cycle should be reconsidered for FWA and modified if needed.
Band specific requirements
The present work item includes bands n77 and n78.  It was clarified in the WID that the entire range of Band n77 and n78 should be considered and that the PC 1.5 would not be limited to US only from a 3GPP perspective.  Of course, regional regulations including restrictions on output power must be adhered to.  A quick inspection of the Band n77 and n78 requirements for PC3 and PC2 shows that only NS_01 is defined for these bands.  There are no regional-specific emission requirements and no A-MPR defined for either of these bands.  Since emission requirements are independent of power class (i.e., the same emission requirements apply for all power classes), then there is no NS requirement needed for PC1.5 either.  At the same time, it might also be understood that there is no need for A-MPR for PC1.5 in Band n77 and n78.  However, it would be prudent to first evaluate the UE coexistence requirements before drawing this conclusion.  UE coexistence requirements are fixed power levels, i.e., -50 dBm/MHz, which become increasingly difficult as the transmit power is increased.  Therefore, while there was no A-MPR needed for PC3 and PC2 to meet the UE coexistence requirements, it should be studied whether any power backoff is needed for PC1.5.  A casual inspection of the UE coexistence for Bands n77 and n78 does not suggest any particular band of concern in meeting -50 dBm/MHz or -41 dBm/300 kHz.
	NR Band
	Spurious emission for UE co-existence

	
	Protected band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	NOTE

	n77
	E-UTRA Band 1, 2, 3, 4, 5, 7, 8, 10, 11, 12, 13, 14, 17, 18, 19, 20, 21, 24, 25, 26, 27, 28, 29, 30, 34, 39, 40, 41, 53, 65, 66, 70, 71, 74, 85
	FDL_low 
	-
	FDL_high
	-50
	1
	

	
	Frequency range
	1884.5
	-
	1915.7
	-41
	0.3
	8

	n78
	E-UTRA Band 1, 3, 5, 7, 8, 11, 18, 19, 20, 21, 26, 28, 34, 39, 40, 41, 65
	FDL_low 
	-
	FDL_high
	-50
	1
	

	
	Frequency range
	1884.5
	-
	1915.7
	-41
	0.3
	8



Another potential opportunity for NS and A-MPR is in the reduction of power backoff.  Traditionally, NS and A-MPR have been allowed for additional power backoff in addition to (or instead of) general MPR.  However, in the development of the work item for PC1.5, it was debated that MPR could be improved compared to what is currently in the specifications.  There was concern expressed that MPR is a general requirement and if there is improvement identified specifically for bands n77 and n78, it should not be applied generally.  Therefore, another possible usage of NS and A-MPR is to restrict any improvement in power backoff to n77 and n78 or even to only those deployments within n77 and n78 where it is deemed feasible.
Proposal 3:  No new emission requirements are needed for PC1.5 in Bands n77 and n78 and no new A-MPR appears to be needed for coexistence.  However, the need for NS and A-MPR are to be further studied for power backoff reduction on a band-specific per-deployment basis in n77 and n78.
Conclusion
This contribution provided discussion points for power class 1.5 in Bands n77 and n78.  One aspect of this work item that distinguishes it from the previous work on PC 1.5 is the explicit mention of FWA device type.  Because an FWA device is considerably different from a handheld mobile UE device, some of the requirements may need to be adjusted at least for FWA.  The following observations and proposals have been discussed.
Observation:  Two approaches are available to derive requirements for FWA and mobile UE.  The minimum requirement is based on mobile UE with the expectation that FWA can easily meet this, or two sets of requirements are defined according to each device type.
Proposal 1:  It is proposed to evaluate whether the assumptions to derive performance requirements for FWA should be modified from those previously used for mobile UE.  
Proposal 2:  General requirements such as Tx power tolerance, spurious emissions, and signal quality are already defined in the specifications.  SAR mechanisms including the 25% default value for uplink duty cycle should be reconsidered for FWA and modified if needed.
Proposal 3:  No new emission requirements are needed for PC1.5 in Bands n77 and n78 and no new A-MPR appears to be needed for coexistence.  However, the need for NS and A-MPR are to be further studied for power backoff reduction on a band-specific per-deployment basis in n77 and n78.
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