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1 Introduction
A new Rel-15 work item “Even further enhanced MTC for LTE” [1]as approved in RAN#75. 
The objective is to specify the following improvements for machine-type communications for BL/CE UEs.

Improved spectral efficiency:

· Increased PUSCH spectral efficiency [RAN1 lead, RAN2, RAN4]
· E.g. sub-PRB resource allocation, with no less than 3 subcarriers within a sub-PRB allocation.

· Note: There is no intention to lower the minimum required UE capability compared to UE category M1 as part of this WI, i.e. the UE shall still support a PUSCH transmission of 6 PRBs.

Sub-PRB uplink transmission from BL/CE UE will increase the PSD of the UE transmitted signal and this will have some impact on current CAT-M1/M2 RF requirement, this paper gives some first analysis on the feature impact on UE RF side.  
2 Discussion
2.1 Background
The sub-PRB feature improves the spectral efficiency by allowing more UE aggregated in one PRB, comparing with one PRB  in legacy LTE allocated to one UE.
Acc. to RAN1 WF [2], RAN1 has made below agreement :

· At least the Sub-PRB allocation method shall be specified 
Since RAN1 has made decision on the Sub-PRB allocation but not agree on configuration of the # of subcarrier, the analysis in this paper will give generic view of RF impact on subcarrier allocation.
2.2 RF impact 
From configuration point of view, the sub-PRB configuration will be like the in-band NB-IoT configuration, where the sub-PRB transmission could be configured within any PRB within the channel bandwidth. .
2.2.1 MPR
Current MPR for CAT-M UE is based on the per PRB configuration, the increased PSD of the transmitted signal need additional evaluation. NB-IoT MPR cannot be reused since the NB-IoT SEM/ACLR requirement is different with E-UTRA. The requirement of the E-UTRA can be re-used for cat-M sub-PRB as co-existing scenario not changed. The E-UTRA OOB requirement is relaxed compared with NB-IoT so it may be possible that no MPR is needed considering there is guard band of at least 150kHz/160kHz in addition for channel bandwidth 1.4MHz and 3 MHz. No MPR is needed for single tone for NB-IoT could be inherited for sub-PRB if there is one tone configuration.
Proposal-1: MPR for sub-PRB allocation for CAT-M need to re-evaluated. 
2.2.2 A-MPR
The increased PSD of the transmitted signal make current spec assumption of MPR /A-MPR invalid and need the re-evaluation of the A-MPR. 
It should be noted that in [5], the study has been shown for NB-IoT which conclusion is that no A-MPR is needed. NB-IoT and sub-PRB cat-M UE has the same PSD but sub-PRB has more guard band compared with guard band deployment of NB-IoT. This imply for sub-PRB transmission, there should be no A-MPR neither.
Proposal-2: No A-MPR is needed for sub-PRB allocation for CAT-M if CAT-M and NB-IoT has same RF architecture.
2.2.3 Inband emission
Since the inband emission for CAT-M UE is calculated per PRB basis, for the sub-PRB feature eNB can schedue the number of tone less than 12 and aggregate more user within the same single PRB, this means the current CAT-M inband emission need to be modified to include the non-allocated tone within the PRB to make sure the transmitted tone not degrade the other tones from other UE at eNB.
There are two ways to place the LO within the support transmission bandwidth, one option is option A showed in Figure 1 where the LO is in the center of the supported transmission bandwidth (6 PRB for CAT-M1 and 24 PRB for CAT-M2). The other is option B which is showed in Figure 2 where LO is placed in the center of one PRB. 
For option A, the similar principle for NB-IoT inband emission can be taken which scaling the current LTE requirement in [6], this means the granularity is changed from PRB to tone,  which is as follows:

· General in-band emission = max{- 15 - 10*log10(Ntone/LCtone), 20*log10EVM – 3 – 5*(|Dtone| - 1)/LCtone, - 57dBm/(3.75 or 15kHz) – Ptone} 

· LCtone is the Transmission Bandwidth (tones). 

· Ntone is the Transmission Bandwidth Configuration (tones), Not specified in RAN1 yet,
· EVM is the limit specified in Table 6.5.2.1.1-1 for the modulation format used in the allocated tones,  either QPSK or 16 QAM
· Dtone is the starting frequency offset between the allocated tone and the measured non-allocated tone. 

· Ptone is the transmitted power per 15 kHz in allocated tones, measured in dBm. 

· Carrier leakage and IQ image no change

For option B, for the tones inside the PRB where the tone is allocated, the generic and carrier leakage and IQ image could reuse from NB-IoT and for non-allocated PRB, the legacy generic requirement can still apply
· Inside the PRB where tone is allocated, 

· General in-band emission: the scaling rule as option A will apply

· Carrier leakage and IQ image could reuse the NB-IoT requirement 

· For non-allocated PRB within the transmission bandwidth, same generic legacy requirement could apply 
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Figure 1: Option A: CAT-M UE LO centred on the transmission bandwidth 


[image: image2.emf]CAT-M Transmission bandwidth (up to 24 PRB)

LO

LTE Channel bandwidth

PRB

PRB PRB


Figure 2: Option B: CAT-M UE LO centred on the PRB where several number of tone are allocated.

Proposal-3: 
· For option A, the generic in-band emission need be scaled with the R14 requirement. No change for carrier leakage and IQ image.

· For option B,

·  Inside the PRB where tone is allocated, 

· General in-band emission: the scaling rule as option A will apply

· Carrier leakage and IQ image could reuse the NB-IoT requirement 

· For non-allocated PRB within the transmission bandwidth, same generic legacy requirement could apply 

3 Conclusions

In this paper, generic UE RF impact analysis is provided for Sub-PRB feature for CAT-M device with following proposal:
Proposal-1: MPR for sub-PRB allocation for CAT-M need to re-evaluated. 
Proposal-2: No A-MPR is needed for sub-PRB allocation for CAT-M if CAT-M and NB-IoT has same RF architecture.
Proposal-3: 
· For option A, the generic in-band emission need be scaled with the R14 requirement. No change for carrier leakage and IQ image.

· For option B,

·  Inside the PRB where tone is allocated, 

· General in-band emission: the scaling rule as option A will apply

· Carrier leakage and IQ image could reuse the NB-IoT requirement 

· For non-allocated PRB within the transmission bandwidth, same generic legacy requirement could apply 
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