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1 Introduction
A LS [1] sending from RAN1 to RAN4 notifying the agreement on design of PUSCH sub-PRB allocation for Rel-15 BL/CE UEs:

· For Sub-PRB allocation, only the following are supported:
· 6 subcarriers with SC-FDMA QPSK modulation, at least for CE Mode A

· FFS: CE Mode B

· 3 subcarriers with SC-FDMA QPSK modulation

· 3 subcarriers with SC-FDMA Pi/2 BPSK modulation

· The Pi/2 rotation is performed across SC-FDMA symbols
· Use only 2 adjacent subcarriers out of the 3 allocated subcarriers with DFT-spread of length 2

· FFS: which 2 subcarriers out of the 3 allocated subcarriers are used

· Working assumption: The 2 used subcarriers shall be fixed per cell in specification

· FFS: semi-statically configured

· FFS: Frequency hopping case
In this paper the changes needed on the spec of UE RF on the sub-RPB are discussed.  
2 Discussion
The sub-PRB feature can allocate several subcarriers within the NB allocated bandwidth for CAT-M device. The feature will improve the PA efficiency by reducing the PAPR of the input signal. The changes only on the PUSCH so the UE RF impact on transmitter requirement will be discussed.

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. In [3], the legacy LTE requirement of the ACLR, SEM is simulated with calibrated PA with different channel bandwidth, it shows that no MPR needed for the sub-PRB allocation with subcarrier length of 2, 3 and 6 and other different channel bandwidth for CAT-M1 device.
Proposal-1: No MPR needed for sub-PRB allocation for CAT-M1 device.

Proposal-2: MPR need to be evaluated for sub-PRB allocation for CAT-M2 device.

2.2 A-MPR
From the simulation in [3], it shows NS4, NS6, NS12, NS35 and NS38 need A-MPR for sub-PRB allocation but other NS value does not need A-MPR, all NS value listed in A-MPR table in [2] for CAT-M1. However, the A-MPR for CAT-M2 device has not been simulated and will be proposed next meeting.
Proposal-3: A-MPR is needed for NS4, NS6, NS12, NS35 and NS38 for sub-PRB allocation for CAT-M1 device
Proposal-4: A-MPR need to be evaluated for sub-PRB allocation for CAT-M2 device.
2.2.1 IBE
For the sub-PRB feature eNB can schedue the number of tone 3 or 6 acc.to [1] and aggregate max 4 user within the same single PRB as showed in Figure 1. The emission from transmitted subcarrier of one CAT-M UE to the other sub-PRB allocation within the same PRB need to be controlled so the other UE within the same PRB can be received correctly at eNB.
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Figure 1: overview of IBE for requirement CAT-M1 

Observation #1: There is no requirement on the sub-PRB level emission and new requirement need to be set to assure the correct receiving of the multiple UE within same PRB on eNB.

Observation #2: The LO signal and sub-PRB allocation image signal not position within the allocated PRB which means the current IBE requirement on LO and image can be reused, this means only general requirement need to be investigated.
Proposal-5: Reuse the legacy CAT-M1/M2 IBE image and LO requirement.
There are 3 items in general requirement of IBE [2] :
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For the sub-PRB allocation, the Lcrb=1 and for cat-M1 device, NRB=6, it could see from Figure 2 that near the transmitted PRB, #2 factor will decide on the IBE mask and depending the modulation scheme it used, #1 will be deciding factor 3 or 5 RB away. #3 is not a limiting factor as it specified with lowest transmit power. 
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Figure 2: overview of IBE factors in general requirement (#1, #2) applying for CAT-M 

Observation #3: #2 factor decide on the near-end performance on the general IBE mask on sub-PRB allocation for CAT-M1 device, while #1 factor decide far end performance on the same IBE mask.

Observation #4: The nearest PRB requirement and most relax is 20log10(EVM)-3. This is independence of the RB distance to the allocated PRB.
Figure 3 shows a scheme on setting the IBE requirement within the PRB where it is shared by several CAT-M1 or CAT-M2 UE with sub-PRB allocation. Since the minimal granularity of the sub-PRB allocation is 3, it could be desirable to define the requirement on this allowed granularity. The parameter is set as ∆RBsub to differentiate the legacy ∆RB.
Proposal-6: Define the IBE requirement on the granularity of 3 subcarrier which is minimal granularity in [1].
The nearest mask for the first ∆RBsub (=1) can be set as the same as the legacy ( which is the ∆RB=1 case), this is most relax and inherit the legacy CAT-M1 or M2 device performance. Since the shape of the emission will be decreased with increased distance to the transmitted subcarrier, it could give some staircase like mask depending how the phase noise and PA behaves. Ideally for the sub-PRB to be decoded correctly, the performance should be decided only by the nearest two sub-PRB UE with high emission level while the other UE emission could be so low that it will not contribute too much to total noise.

 Proposal-7:  Define the IBE requirement step ∆ later according to the real performance of MTC device.
When this step ∆ was defined, it will set the first adjacent PRB emission starting level which means the mask will be also impacted for other non-allocated PRB.
Observation#5: The other non-allocated PRB mask will be impacted.
When the device supporting sub-PRB feature and legacy CAT-M1 or CAT-M2 device as showed in Figure 4, it could be that emission floor for PRB#2 will be increased to so high that would limit the number of aggregated UE for PRB#2. As showed in Figure 4, the emission for PRB#2 will be added both from UE#1 with PRB#1 and UE#2 with PRB#3 with the same level. 
Observation#6: when co-existing with legacy CAT-M device and sub-PRB capable CAT-M device, the number of MTC device with sub-PRB allocation may be limited.
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Figure 3: IBE requirement setting with sub-PRB allocation
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Figure 4: Legacy CAT-M device may set the emission limit on the PRB where sub-PRB allocation shared by several UE for a co-existing scenario.
3 Conclusions

In this paper, generic UE RF impact analysis is provided for Sub-PRB feature for CAT-M device with following proposal and observations:
Proposal-1: No MPR needed for sub-PRB allocation for CAT-M1 device.

Proposal-2: MPR need to be evaluated for sub-PRB allocation for CAT-M2 device.

Proposal-3: A-MPR is needed for NS4, NS6, NS12, NS35 and NS38 for sub-PRB allocation for CAT-M1 device
Proposal-4: A-MPR need to be evaluated for sub-PRB allocation for CAT-M2 device.
Observation #1: There is no requirement on the sub-PRB level emission and new requirement need to be set to assure the correct receiving of the multiple UE within same PRB on eNB.

Observation #2: The LO signal and sub-PRB allocation image signal not position within the allocated PRB which means the current IBE requirement on LO and image can be reused, this means only general requirement need to be investigated.

Proposal-5: Reuse the legacy CAT-M1/M2 IBE image and LO requirement.
Observation #3: #2 factor decide on the near-end performance on the general IBE mask on sub-PRB allocation for CAT-M1 device, while #1 factor decide far end performance on the same IBE mask.

Observation #4: The nearest PRB requirement and most relax is 20log10(EVM)-3. This is independence of the RB distance to the allocated PRB.
Proposal-6: Define the IBE requirement on the granularity of 3 subcarrier which is minimal granularity in [1].
Proposal-7:  Define the IBE requirement step ∆ later according to the real performance of MTC device
Observation#5: The other non-allocated PRB mask will be impacted.
Observation#6: when co-existing with legacy CAT-M device and sub-PRB capable CAT-M device, the number of MTC device with sub-PRB allocation may be limited.
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