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1. Introduction
A work item [1] has been approved to define power class 2 operation in Bands 31 and 72.  UE aspects have been described in [2].  Based on prior work done for power class 3 FDD bands at 450 MHz, it was found that the configuration is extremely challenging for UE devices due to the Tx noise, small Tx-Rx separation, and filtering feasibility.  With maximum output power raised by 3 dB, the challenges are likely to be near-insurmountable.  It is therefore recommended in this contribution to limit the applicability of PC2 in these bands to half duplex operation.  Note that UE emissions and coexistence will still be challenging and require further study, but self-desense can at least be alleviated.
2. Discussion

In [1], the justification for defining power class 2 in Bands 31 and 72 is to enable small sized devices to improve uplink coverage under extreme conditions such as deep indoors.  Moreover, repetition-based methods for coverage enhancement are not suitable for these devices were latency is a constraint for real-time monitoring or critical voice services.  However, it is suggested that these devices are not necessarily battery-operated so are not as constrained in power consumption as a handheld smartphone would be.  The justification further states that the devices are cost-sensitive and suggests that existing RF components such as filters and PA modules should be leveraged.

The WID clearly indicates that the expected device is small in size and cost-sensitive.  This is in contrast to the assumptions for the power class 1 device operating in these bands where the assumptions allowed for very large, heavy, and costly filters to provide excellent performance.  By constraining this device in size and cost, the conventional UE RF front-end will be limiting in performance.  It was discovered when first studying the 450 MHz bands that the UE front-end design would not be able to cope with the band configuration [3].  The extremely narrow frequency separation between the uplink and downlink channel leads to crippling receiver performance due to the excessive ACLR noise from the transmitter leaking into the receiver, phase noise induced reciprocal mixing, the IM2 noise generated within the receiver, baseband harmonics and spurious products, as well as the poor duplex filtering response.  As a consequence, the specified reference sensitivity for Bands 71 and 31 have been degraded as shown below.  These bands have among the worst reference sensitivity of any band defined in the 3GPP specifications.
Table 7.3.1-1: Reference sensitivity QPSK PREFSENS
	Channel bandwidth

	E-UTRA Band
	1.4 MHz
(dBm)
	3 MHz
(dBm)
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	Duplex Mode

	31
	-99.0
	-95.7
	-93.5
	
	
	
	FDD

	…
	
	
	
	
	
	
	

	72
	-99.0
	-95.7
	-93.5
	
	
	
	FDD


At the same time, the uplink configuration for these bands has been reduced to a mere 5 RB’s for 3 MHz and 5 MHz channels, and shifted away from the downlink channel in order to provide some semblance of acceptable performance.
Table 7.3.1-2: Uplink configuration for reference sensitivity

	E-UTRA Band / Channel bandwidth / NRB / Duplex mode

	E-UTRA Band
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Duplex Mode

	31
	6
	54
	54
	
	
	
	FDD

	…
	
	
	
	
	
	
	

	72
	6
	54
	54
	
	
	
	FDD

	NOTE 4:
4 refers to Bands 31, 72 and 73; in the case of 3 MHz channel bandwidth, the UL resource blocks shall be located at RBstart 9 and in the case of 5 MHz channel bandwidth, the UL resource blocks shall be located at RBstart 10.


It is evident that reference sensitivity is barely feasible for the power class 3 device operating in these bands.  
The power class 2 UE will have an even greater challenge.  All of the negative effects present in power class 3 are amplified by 3 dB for power class 2.  It is expected that reference sensitivity will be degraded so significantly that the use case for deep indoor coverage will not be met in the downlink, even if PC2 enables the use case in the uplink.  Moreover, if there is a requirement for low-latency critical voice services, it is not likely to be met with such significant restrictions to uplink configuration at the edge of a coverage enhanced cell.  It is therefore proposed that PC2 operation in this band is limited to half duplex operation.

Proposal:  PC2 operation in Band 31 and Band 72 is restricted to half duplex operation.

Restricting operation to half duplex will enable larger uplink bandwidths as well as better reference sensitivity since the Tx and Rx will no longer be operating simultaneously.  This will greatly enhance the ability to meet the desired use case as described in the WID.  However, half duplex operation does not alleviate the challenges associated with emissions and coexistence as identified in [2].  Those remain to be further studied.  Any restrictions found to be necessary in those studies (i.e., uplink RB restrictions and/or A-MPR power backoff) may still render the PC2 device in this band to be of little benefit compared to PC3.

Proposal:  Transmitter unwanted emissions and coexistence requirements may result in uplink RB restrictions and/or maximum output power reduction.  In that case, it may be necessary to evaluate whether the identified use cases are better fulfilled with PC2 compared to PC3.
3. Conclusion

This contribution discusses challenges associated with power class 2 in 450 MHz bands 31 and 72.  In particular, the challenges identified for reference sensitivity with power class 3 are reviewed.  These are expected to be amplified at power class 2 maximum output power levels to the extent that the identified use cases can not be fulfilled.  It is therefore proposed to restrict PC2 operation in these bands to half duplex operation.  Half duplex operation will alleviate the reference sensitivity challenges, but the emissions and coexistence challenges remain to be further studied.  
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