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1.  Introduction

In previous meetings, there has been broad discussion regarding UE RF requirements for eMTC.  In this contribution, we carry further discussion to finalize RF requirements following WF R4-156849.
2.  RF requirements at issue
There are two power classes defined for Rel-13 eMTC, with conventional Power Class 3 of 23dBm and new power class of 20dBm.  It is straightforward to reuse all pertinent RF requirements from Power Class 3 with 1.4MHz channel bandwidth operation. The RF requirements at issue are how to define RF requirements for power class of 20dBm. In our analysis, RF requirements of Power Class 3 with 1.4MHz CBW apply for power class of 23dBm for eMTC as default. The requirements for power class of 20dBm are discussed and compared with precedent Power Class 3 case.

2.1 ACLR
        Since eMTC UE supports 1.4MHz bandwidth legacy LTE operation, the ACLR requirement of eMTC with power class of 23dBm can adopt ACLR requirement of Power Class 3 with 1.4MHz bandwidth. Existing ACLR defines as 37dB and 30dB respectively for power class of 31dBm and 23dBm with E-UTRAACLR1. With lower output power, less ACLR value is required, due to concerns of network coexistence and adjacent channel interference. Consequently, we could afford less ACLR moving from 23dBm to 20dBm TX output power. However, if UE can support ACLR of 30dB with 23dBm TX power, it should be no problem to support the ACLR requirement of 30dB with lower TX power of 20dBm. Therefore, to simplify the test procedure, it is proposed to define 30dB ACLR for both power class of 23dBm and power class of 20dBm. If ACLR for power class of 23dBm is tested, there is not necessary to test for power class of 20dBm.
Observation 1: it is proposed to reuse the existing ACLR requirement of 1.4MHz Bandwidth, for both power classes of 23dBm and 20dBm. 
2.2 SEM
Spectrum emission mask is testing for unwanted emission immediately outside the assigned channel bandwidth resulting from the modulation process and non-linearity in the transmitter but excluding spurious emission. The spectrum emission limits refer to absolute power levels in dBm, because it is critical for UEs to satisfy such requirements in order to prevent from excessive interference to the network and other UEs. An obvious fact is that only one unified SEM requirement applying for both Power Class 3 and 1, which supports the objective for SEM as well. Thus, it is important to maintain the consistence adopting the exact same SEM requirements for power class of 20dBm.  
Observation 2: it is proposed to reuse the existing SEM requirements of 1.4MHz BW, for both power classes of 23dBm and 20dBm.
2.3 Spurious emissions
Spurious emission shares the very same objective and approach with SEM. Thus, it is proposed to adopt the same solution of SEM.
Observation 3: it is proposed to reuse the existing spurious emission requirements, for both power classes of 23dBm and 20dBm.
2.4 Transmit signal quality
The set of transmit signal quality specifications is measured across the entire power range to maximum output power. In precedent example of Power Class 1 and 3, only one unified set of specifications applies to both power classes.  Consequently, power class of 20dBm shall follow the same substance. Thus, existing specifications of transmit signal quality shall apply to both power classes in eMTC.
Observation 4: it is proposed to reuse the existing transmit signal quality requirements, for both power classes of 23dBm and 20dBm.
2.5 MPR
MPR shares the similar approach as SEM and spurious emission, in terms of unified specifications for Power Class 1 and 3. It is natural to follow the same approach and solution for power class of 20dBm as well.
Observation 5: existing MPR specifications shall apply to both power classes in eMTC.
2.6 A-MPR
1. For power class of 23dBm, it is straightforward to reuse existing A-MPR table from the same Power Class 3 requirements.  
2. For power class of 20dBm, theoretically, the ACLR and spurious emission may improve due to lower output power, under the condition of exact PA and other hardware. However, integrated PA and low complexity solution are expected to be implemented for the eMTC UE. In reality, there may not be much improvement for either ACLR or Spurious emission at the end. Secondly, it is huge burden to recalculate all A-MPR for power level at 20dBm, and this will delay the closing for eMTC work item. Thus, it is beneficial to reuse A-MPR table for power class of 23dBm. In the long run, further study in this area may be possible if sufficient justification is provided.
Observation 6: A-MPR requirements shall be reused for power class of 23dBm, and it is beneficial to reuse the same A-MPR requirements for power class of 20dBm.
2.7  REFSENS
There are two power classes of 23dBm and 20dBm respectively. Regarding power class of 23dBm, it is straightforward to continue the MTC Rel-12 approach for both HD and FD eMTC. The question is whether REFSENS needs to be reconsidered for power class 20dBm. Our approach is that there is no need to define REFSENS for 20dBm power class separately. The reason is such that REFSENS is the requirement for receiver sensitivity, which is independent from transmitter performance.  On the other hand, only under the full duplex FDD scenario, when REFSENS test performs, the UE TX power may interfere with RX receiving. One may argue that with 20dBm output power, the interference introduced by TX decreases by certain amount, which could improve REFSENS test results. However, it is difficult to identify pertinent interference decrease in RX channels due to various TX/RX separation across different bands by such 3dB decrease in transmit power. Moreover, Pumax is used for TX transmitting configuration for REFSENS test, which is also involved MPR, A-MPR adjustments for each specific band. It is difficult to conclude any solid value of Pumax for 20dBm power class at this stage, giving the reality that MPR and A-MPR are still under discussion. However, it can be derived that the RX interference will not be reduced significantly from the power class of 23dBm to the power class of 20dBm. Therefore, it is sufficient to reuse the REFSENS approach of MTC from Rel-12.
Therefore, REFSENS for FDD and TDD shall reuse the values of REFSENS under 1.4MHz CBW from category 0 for Rel-12 MTC, including both half-duplex and full duplex, both power classes of 23dBm and 20dBm. If the specific band or its CBW of 1.4MHz is not available, the same approach of REFSENS derivation of Rel-12 MTC shall apply, which is summarized in Table 2.1. 

Table 2-1 REFSENS approach for eMTC Rel-13

	Power Class
	FDD/TDD
	HD/FD
	REFSENS

	23dBm/20dBm
	FDD
	HD
	Reuse 1.4 MHz BW REFSENS of Rel-12 MTC category 0 HD or reuse the approach of REFSENS derivation of Rel-12 MTC when the specific band or its CBW of 1.4MHz is not available 

	
	
	FD
	Reuse 1.4 MHz BW REFSENS of Rel-12 MTC category 0 FD or reuse the approach of REFSENS derivation of Rel-12 MTC when the specific band or its CBW of 1.4MHz is not available

	
	TDD
	-
	Reuse 1.4 MHz BW REFSENS of Rel-12 MTC category 0 TDD or reuse the approach of REFSENS derivation of Rel-12 MTC when the specific band or its CBW of 1.4MHz is not available


Therefore, REFSENS for FDD and TDD shall reuse the values of REFSENS under 1.4MHz CBW from category 0 for Rel-12 MTC, including both half-duplex and full duplex, both power classes of 23dBm and 20dBm. If the specific band or its CBW of 1.4MHz is not available, the same approach of REFSENS derivation of Rel-12 MTC shall apply, which is summarized in Table 2.1. Accordingly, the tentative values are listed in Table 2-2 and Table 2-3.
Table 2-2: Reference sensitivity for FDD and TDD UE eMTC QPSK PREFSENS 

	E-UTRA Band
	1.4MHz RF BW (dBm)

	1
	[-102.2]

	2
	-100.2

	3
	-99.2

	4
	-102.2

	5
	-100.7

	7
	[-100.2]

	8
	-99.7

	12
	[-99.2]

	13
	[-98.7]

	18
	[-102.2]

	19
	[-102.2]

	20
	[-99.2]

	21
	[-102.2]

	26
	[-99.7]

	27
	[-100.7]

	28
	[-100.2]

	31
	[-96]

	39
	[-102.2]

	41
	[-100.2]


Table 2-3: Reference sensitivity for HD-FDD UE eMTC QPSK PREFSENS 
	E-UTRA Band
	1.4MHz RF BW (dBm)

	1
	[-103]

	2
	-101

	3
	-100

	4
	-103

	5
	-101.5

	7
	[-101]

	8
	-100.5

	12
	[-100]

	13
	[-100]

	18
	[-103]

	19
	[-103]

	20
	[-100]

	21
	[-103]

	26
	[-101]

	27
	[-101.5]

	28
	[-101.5]

	31
	[-97.3]


Conclusion 7: REFSENS for FDD and TDD shall reuse the values of REFSENS under 1.4MHz CBW from category 0 for Rel-12 MTC, including both half-duplex and full duplex, both power classes of 23dBm and 20dBm. If the specific band or its CBW of 1.4MHz is not available, the same approach of REFSENS derivation of Rel-12 MTC shall apply. 
3.  Conclusion

In this contribution, the unresolved issues in eMTC are discussed.  All major conclusions are reiterated here:
Observation 1: it is proposed to reuse the existing ACLR requirement of 1.4MHz Bandwidth, for both power classes of 23dBm and 20dBm. 
Observation 2: it is proposed to reuse the existing SEM requirements of 1.4MHz BW, for both power classes of 23dBm and 20dBm.
Observation 3: it is proposed to reuse the existing spurious emission requirements, for both power classes of 23dBm and 20dBm.
Observation 4: it is proposed to reuse the existing transmit signal quality requirements, for both power classes of 23dBm and 20dBm.
Observation 5: existing MPR specifications shall apply to both power classes in eMTC.

Observation 6: A-MPR requirements shall be reused for power class of 23dBm, and it is beneficial to reuse the same A-MPR requirements for power class of 20dBm.
Conclusion 7: REFSENS for FDD and TDD shall reuse the values of REFSENS under 1.4MHz CBW from category 0 for Rel-12 MTC, including both half-duplex and full duplex, both power classes of 23dBm and 20dBm. If the specific band or its CBW of 1.4MHz is not available, the same approach of REFSENS derivation of Rel-12 MTC shall apply. 
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