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In previous online and email discussions, the following has been agreed [1]:
Agreements:
· For NB-PUSCH data transmission, the uplink power setting re-use section 5.1.1.1 of 36.213, that is for serving cell c and subframe i ( for 15 kHz subcarrier spacing) or NB-Slot i (for 3.75 kHz subcarrier spacing)
· PNPUSCH,c(i)=min{PCMAX,c(i), 10log10(MNPUSCH,c(i))+PO_NPUSCH,c+ αc(j) PLc+fc(i)}
· MNPUSCH,c(i)
· Alt 1: {1/4, 1,3,6,12} (reflecting UL transmission resource BW)
· Alt 2: {1,3,6,12} (3.75 kHz is adjusted by using PO_NPUSCH,c)
· PO_NPUSCH,c(j)=PO_UE_NPUSCH,c(j)+PO_NOMINAL_NPUSCH,c(j)
· When j = 1, PO_UE_NPUSCH,c(1) and PO_NOMINAL_NPUSCH,c(1) are configured by higher layers, where j = 1 is used for NB-PUSCH data (re)transmissions.
· When j = 2, which is used for NB-PUSCH (re)transmissions corresponding to the random access response grant, PO_UE_NPUSCH,c(2)=0 and PO_NOMINAL_NPUSCH,c(2)=PO_PRE+ΔPREAMBLE_Msg3, where the parameter PO_PRE and ΔPREAMBLE_Msg3 are signaled from higher layers for serving cell .
· For j = 1, αc(j) is configured by higher layers, and αc(j)=1 for j = 2.
· fc(i)
· Alt 1: A power adjustment parameter indicated by DCI
· Alt 2: No TPC command, fc(i)=0
· UL power control for ACK/NACK transmission uses the same procedure as normal NB-PUSCH transmission.
· Alt. 1: Accept above formulas
· Alt. 2: With alpha = 1
Agreement:
· RAN1 recommends to support transmission of NB-PHR with Msg3 of random access procedure using 2 bits for the lowest configured NB-PRACH repetition level, subject to RAN2 confirmation of available bits
· Dynamic indication utilizing DCI is not supported
· Note: Above does not request to change Msg. 3 size
Agreements:
· When the same-PCI indicator is set to TRUE, 
· NB-RS power offset between NB-RS and LTE CRS is indicated in SIB
· If there is no SIB indication, UE may assume the equal power between NB-RS and LTE CRS
· RAN1 recommends RAN2 to indicate this signaling by SIB1
In this contribution, considerations on remaining issues of uplink power control are presented.
Discussion
Uplink power control principles
The closed loop power control in LTE is implemented by TPC commands as shown in Figure 1, where the TPC command applies in uplink transmission 4 TTIs later [2].
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[bookmark: _Ref445124083]Figure 1 LTE closed loop power control
However, in the NB-IoT system, closed-loop adjustment may not generally be applicable for the following reasons:
· The infrequent, short duration characteristics of typical Cellular IoT traffic means that the closed-loop power command may be outdated because the targeted uplink data transmission has already ended prior to the reception of the power command; 
· Tight timeline may not be maintained for the scheduling and uplink transmissions in the NB-IoT system so a power adjustment signal may not be available on demand;  
· Frequent air-interface interactions for the measurement report and power adjustment will bring significant over-the-air overheads and therefore will cause degraded network capacity and increased UE power consumption.
Therefore, to reduce the complexity and overhead, only open loop uplink power control scheme is proposed for NB-IoT.
Proposal 1: Only the open loop uplink power control scheme as in eMTC is used in NB-IoT system, i.e. fc(i)=0 without TPC command.
Depending on the pathloss, the cell coverage can be divided into a bandwidth limited region and a power limited region, as shown in Figure 2. In the bandwidth limited region, the fractional power control strategy can be used, while UE maximum transmit power is preferred in the power limited region. Accordingly, for PUSCH in eMTC, for repetition cases other than small repetitions, “the power is always Pcmax,c(i)”[3].
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[bookmark: _Ref439165966]Figure 2 Bandwidth limited and power limited region in a cell
A similar principle can also be applied to NB-IoT. NB-IoT UEs would use maximum power in transmitting NB-PUSCH with repetitions. This is because such UEs are power limited, and it is beneficial for both uplink capacity and power consumption to reduce transmission time. The transmission power of NB-PUSCH with no repetition can be determined by open loop power control. However, a UE in the bandwidth limited region may use repetition for high MCSs to achieve a low code rate TBS size that is not in the TBS table. Using the MCS/TBS design in [4] as an example, the ITBS = 6 with NRU = 8 can be repeated twice to achieve a TBS 808 bits with code rate between ITBS 1 and 3. Therefore, the threshold of maximum transmission power can be relaxed to 2 repetitions. 
Proposal 2: For NB-PUSCH transmission, UE transmission power is determined by open loop power control for no greater than 2 repetitions and maximum transmit power for greater than 2 repetitions. 
The UCI information ACK/NACK corresponding to NB-PDSCH transmission is transmitted via a single-tone NB-PUSCH structure [5]. The receiving reliability has been considered with designs such as coding rate, modulation and DMRS enhancement. Therefore, it is not necessary to further enhance transmission power to increase reliability. In addition, with the same transmit power as NB-PUSCH, the impact on interference to other UEs and spectrum masks can be minimized.
Proposal 3: Uplink power setting of ACK/NACK corresponding to NB-PDSCH transmission is the same as NB-PUSCH data transmission.


The component  in LTE power control reflects the assigned resource for uplink transmission expressed in number of RBs. With only 1 RB bandwidth in NB-IoT, it can be expressed in number of subcarriers. One issue is the value of  when 3.75 kHz subcarrier spacing is configured. To have unified expression, one option is to express the bandwidth component as number of subcarriers if 15 kHz subcarrier spacing is configured, and as 1/4 if 3.75 kHz subcarrier spacing is configured.
Proposal 4: The bandwidth component in uplink power setting is expressed as number of subcarriers if 
15 kHz subcarrier spacing is configured, and as 1/4 if 3.75 kHz subcarrier spacing is configured.
Power headroom report
In LTE, 6 bits are used to report the power headroom (i.e. with a range of 64 dB and a reporting granularity of 1 dB), and the eNB uses the PHR to derive how much uplink bandwidth the UE can use before exceeding its maximum transmit power.
In NB-IoT, it has been agreed that 2 bits are used for NB-PHR. Hence a reuse of the LTE mechanism will either imply a much smaller range or a much coarser granularity, and so is highly undesirable. The most straightforward solution would be to report the estimated maximum number of subcarriers the UE can transmit on before exceeding its maximum transmit power, i.e. {1, 3, 6, 12}.
Proposal 5:  In NB-PHR, the UE indicates the maximum number of subcarriers it can transmit on before exceeding its maximum transmit power, i.e.  one of {1, 3, 6, 12}.
It should be unnecessary for a single-tone only UE to send NB-PHR, but the reporting and MAC design details can be left up to RAN2.
Signaling of power offset between NB-RS and LTE CRS
RAN1 has agreed to support indication of power offset between NB-RS and LTE CRS via the parameter NRS-LTEcrs-pwrOffset. One remaining issue is the set of values for power offset in higher layer signaling. In LTE, the set of values for PA is {-6, -4.77, -3, -1.77, 0, 1, 2, 3} [6], thus LTE CRS power offset to data is one of {6, 4.77, 3, 1.77, 0, -1, -2, -3}. The possible power offsets between NB-RS and LTE CRS are summarized in Table 1, assuming PSD boosting for NB-IoT being 0 dB, 3 dB or 6 dB. It can be seen that the resulting set of values for power offset between NB-RS and LTE CRS is {-6, -4.77, -3, -1.77, 0, 1, 1.23, 2, 3, 4, 4.23, 5, 6, 7, 8, 9} dB. 
Proposal 6: The set of values for power offset between NB-RS and LTE CRS is {-6, -4.77, -3, -1.77, 0, 1, 1.23, 2, 3, 4, 4.23, 5, 6, 7, 8, 9} dB.


[bookmark: _Ref447650141]Table 1: The power offset between NB-RS and LTE CRS
	Power offset between NB-RS and LTE CRS
	NB-IoT PSD boosting compared to LTE (dB)

	
	0
	3
	6

	LTE CRS power boosting compared to data symbol (dB)
	-3
	3
	0
	9

	
	-2
	2
	5
	8

	
	-1
	1
	4
	7

	
	0
	0
	3
	6

	
	1.77
	-1.77
	1.23
	4.23

	
	3
	-3
	0
	3

	
	4.77
	-4.77
	-1.77
	1.23

	
	6
	-6
	-3
	0




[bookmark: _Ref129681832]Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, we gave the analysis on uplink power control with following proposals:
Proposal 1: Only the open loop uplink power control scheme as in eMTC is used in NB-IoT system, i.e. fc(i)=0 without TPC command.
Proposal 2: For NB-PUSCH transmission, UE transmission power is determined by open loop power control for no greater than 2 repetitions and maximum transmit power for greater than 2 repetitions. 
Proposal 3: Uplink power setting of ACK/NACK corresponding to NB-PDSCH transmission is the same as NB-PUSCH data transmission.
Proposal 4: The bandwidth component in uplink power setting is expressed as number of subcarriers if 
15 kHz subcarrier spacing is configured, and as 1/4 if 3.75 kHz subcarrier spacing is configured.
Proposal 5:  In NB-PHR, the UE indicates the supported maximum number of subcarriers it can transmit on before exceeding its maximum transmit power, i.e.  one of {1, 3, 6, 12}.
Proposal 6: The set of values for power offset between NB-RS and LTE CRS is {-6, -4.77, -3, -1.77, 0, 1, 1.23, 2, 3, 4, 4.23, 5, 6, 7, 8, 9} dB.
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