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Introduction
[bookmark: _Ref421460494]In RAN #75 meeting, a Rel-15 new WID [1] on further NB-IoT enhancements was agreed, including NB-IoT small cell. Some RAN 1 enhancements may be needed to look into, for example uplink power control. In this paper, the uplink power control for UE in extended coverage is discussed. 
Power control for UE in extended coverage
A cell specific limitation, i.e., P-max, for maximum transmit power is introduced in LTE, and kept for NB-IoT. It is used to limit UE transmission power, to avoid interference to neighbor cells, especially for small cell scenario. However, for NB-IoT system, some UEs may locate in basement, and up to 20 dB additional penetration loss is expected. For UE in deep coverage, even with maximum transmit power, e.g., 23dBm, the received signal at nearest eNB may be still very weak. Therefore, for the UE in deep coverage will not cause any interference to other cells. It is reasonable to remove the limitation of P-max for extended coverage UE.  
Observation #1:For UE in deep coverage, the interference to neighbor cell is expected to be very low even without limitation of “P-max”.
In Rel-13/14 NB-IoT system, up to three extended coverage levels can be configured by eNB. For extended coverage level 0, power ramping is supported, and for extended coverage level 1 & 2, the maximum transmit power is used. If P-max is configured, the max transmit power is limited by P-max. As discussed above, UE in deep coverage can remove the limitation of P-max. Therefore, at least for coverage level 2, the max transmit power is set based on UE’s power class. For extended coverage level 0, which usually targets to normal coverage UE, the limitation of P-max can be kept to limited.  In order to let UE “ramp up” smoothly, power ramping can be introduced for extended coverage 1, from P-max to the maximum transmit power of UE’s power class. 
Proposal #1: 
· For extended coverage level 2, the transmit power for NPRACH is the max transmit power of UE’s power class. 
· For extended coverage level 1, the power ramping is supported for NPRACH, the transmit power ramp up from P-max to the max transmit power of UE’s power class. 

Similar as the design principle of NPRACH, the max transmit power of Msg 3 can be the same as the NPRACH in the corresponding extended coverage level, as well as HARQ-ACK for Msg 4. That is, for extended coverage level 0, the max transmit power is limited by P-max (if configured), for other extended coverage levels, the max transmit power is based on UE’s power class. The max transmit power is also adopted by the PHR in Msg3. For the NPUSCH, the same max transmit power can be adopted. Considering channel condition may change and PHR after Msg 3 is expected to be specified in later Rel-15 for NB-IoT, for the max transmit power of subsequent NPUSCH, a dedicated P-max can be considered in case of coverage level change. 

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal #2: 
· For extended coverage level 0, the max transmit power of Msg 3 and PHR in Msg 3 is limited by P-max if configured.
· For extended coverage level 1& 2, the max transmit power of Msg 3 and PHR in Msg 3 is based on its power class.

[bookmark: OLE_LINK3]Proposal #3: 
· Introduce a dedicated P-max for NPUSCH other than Msg3. 

Conclusion
In this contribution, power control for extend coverage UE was discussed. Based on the analysis and observations, we proposed: 
Proposal #1: 
· For extended coverage level 2, the transmit power for NPRACH is the max transmit power of UE’s power class. 
· For extended coverage level 1, the power ramping is supported for NPRACH, the transmit power ramp up from P-max to the max transmit power of UE’s power class. 

Proposal #2: 
· For extended coverage level 0, the max transmit power of Msg 3 and PHR in Msg 3 is limited by P-max if configured.
· For extended coverage level 1& 2, the max transmit power of Msg 3 and PHR in Msg 3 is based on its power class.
Proposal #3: 
· Introduce a dedicated P-max for NPUSCH other than Msg3. 
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