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Introduction
In this paper, we present our view on UE minimum output power in mmWave. The conclusion is in mmWave, the minimum output power needs to be further studied, especially the system assumptions including use cases should be clear.
Discussion
The UE minimum output power is the power level which is small enough for UEs (in the closest proximity to BS) not to interfere with cell-edge UEs’ communication with BS and also large enough for such UEs to maintain the connection with BS. In indoor environment [2], the closest distance between BS and UE can be 2 meters.
In sub-6 LTE band, BS uses 3 sector antenna system [1] with each sector covering 120 degree with 3dB beam width around 65 degree. In mmWave, the BS uses large antenna array of typical 8x16 [2] to form highly concentrated beam with much smaller 3dB beam width to communicate with UEs. The probability for the UEs to communicate with BS under the same beam is much lower comparing with 3 sector antenna system in LTE due to beam width difference. 
Observation 1:  3dB beam width in mmWave antenna system is much smaller than the counterpart in LTE antenna system. The probability for the UEs to communicate with BS under the same beam is much lower comparing with 3 sector antenna system in LTE due to beam width difference.
In mmWave system, Assume BS communicates two UEs, say UE0 and UE1, under the same beam. UE0 is at minimum distance to BS while UE1 is at cell-edge. If two UEs’ UL transmissions are scheduled in TDM fashion, meaning that at any given time, only one UE talks to BS, there is no interference between two UEs. The interference only happens when both UEs’ UL transmission are scheduled in the same subframes with each UE occupying a portion of configured BW in a FDM fashion. In this case, the BS AGC set point will be determined by sum of received power from two UEs. At BS, if received power from UE0 is much higher than the received power from UE1, then UE1’s UL performance could be degraded, we will see more analysis in the following context. In this case, UE0 sends UL signals at its minimum output power, and UE1 sends UL signals at its maximum output power. BS is expected to decode both UE traffic correctly. 
If UE0 and UE1 are under two different BS beams, the natural separation between two beams will likely introduce less interference between two UEs at BS side. But co-channel interference still needs to be considered when defining minimum output power when two UEs are scheduled at same time for UL transmissions using separate beams. If their allocated RB resources have overlap with each other, the beam pointing to one of UEs will pick up the other UE’s UL signals by its side lobe and introduce co-channel interference which could be strong enough to hurt wanted UE performance.
Observation 2: Interference among UEs happens when BS schedules their UL transmissions in the same subframes.  
Observation 3: Co-channel interference across the beams must be considered when defining minimum output power.
Observation 4: BS can do TDM scheduling among UEs to avoid interference as a preferred scheduling option.
The higher UE minimum output power means less stringent on UE PA dynamic range requirement which in turn relaxes UE PA design. PA design in mmWave with large dynamic range and supporting up to 400MHz channel BW is challenging. Some techniques may need to be explored to ease the PA design.
 When BS receives multiple wanted UE UL signals FDM-ed in the same transmission BW under the same numerology, the BLER performance of each UE is determined by SNR on its occupied subcarriers and its modulation level and coding rate. Assume the noise spectrum is flat and constant across the whole BW, it can be shown required SNR for each UE is proportional to its PSD within its occupied RBs. Given fixed transmission power for each UE, by adjusting the number of assigned RB resources, PSD/SNR can be adjusted accordingly, in turn the BLER performance. For cell-edge UEs, when transmitting at maximum output power, can achieve better performance by reducing the number of assigned RBs to boost the PSD/SNR. But reducing the number of assigned RBs could affect throughput. So in order to determine the minimum output power, requirements, like cell-edge UEs’ minimum throughput requirements (including modulation levels and coding rates), minimum allocated RB resources, UE maximum output power, etc., should be defined in simulation assumption. 
When BS receives multiple wanted UE UL signals FDM-ed in the same transmission BW under the mixed numerologies, additional interferences, e.g. ICI, are also counted. So SINR determines BS decoding performance.
For above analysis, the absolute power of each wanted UE signals and their power difference received by BS do not necessarily affect BS decoding performance for each UE. The SINR of each UE at BS receiver determines the UE decoding performance.
[bookmark: _GoBack]Observation 5: The SINR of each UE at BS receiver determines the UE decoding performance, the absolute power of each wanted UE signals and their power difference received by BS do not necessarily affect BS decoding performance for each UE.
Proposal 1: In order to determine the minimum output power requirement, simulation assumption must be clearly defined, e.g., but not limited to, cell-edge UEs’ minimum throughput requirements (including modulation levels and coding rates), minimum allocated RB resources, UE maximum output power and numerologies.
Potential impact of output minimum power on random access should also be considered. Since PRACH uses fixed number of RB resources for random access, the UEs close to BS even with minimum output power could generate higher PSD than other UEs at BS receiver. In this case, if contention based RACH message1 waveforms from multiple UEs collide with each other, contention resolution will grant access to the UE with highest PSD (assume noise floor is flat) with high probability since SINR is high. After UEs with higher PSD are admitted by BS, all remaining UEs eventually will get the access. So higher minimum output power will introduce some degradation in fairness of random access. Cell-edge UEs will experience longer average time to get connected.
Observation 6: Higher minimum output power will introduce some degradation in fairness of random access. 

Conclusion
In this paper, we present our view on the considerations about deriving the UE minimum output power in mmWave. We also propose to have clear assumptions when deriving UE minimum output power. They are summarized below:
 
Observation 1:  3dB beam width in mmWave antenna system is much smaller than the counterpart in LTE antenna system. The probability for the UEs to communicate with BS under the same beam is much lower comparing with 3 sector antenna system in LTE due to beam width difference.
Observation 2: Interference among UEs happens when BS schedules their UL transmissions in the same subframes.  
Observation 3: Co-channel interference across the beams must be considered when defining minimum output power.
Observation 4: BS can do TDM scheduling among UEs to avoid interference as a preferred scheduling option.
Observation 5: The SINR of each UE at BS receiver determines the UE decoding performance, the absolute power of each wanted UE signals and their power difference received by BS do not necessarily affect BS decoding performance for each UE.
Observation 6: Higher minimum output power will introduce some degradation in fairness of random access. 
Proposal 1: In order to determine the minimum output power requirement, simulation assumption must be clearly defined, e.g., but not limited to, cell-edge UEs’ minimum throughput requirements (including modulation levels and coding rates), minimum allocated RB resources, UE maximum output power and numerologies.
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