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1. Introduction
According to the way forward on uplink power control [1], the UE sets the output power P to:

P = min{Pmax, 10logM + P0 + ·PL + f(i) + MCS }  [dBm]
 LISTNUM equation \l 4 
Different parameter values are used for PUSCH and PUCCH. The function f may represent using absolute or accumulative offsets i.  The parameters P0 and  control the received power as a function of pathloss.
This paper discusses and proposes the range and representation of the parameter P0 for PUSCH and PUCCH. 
2. The Range of P0 for PUSCH
The SNR reached by a ‘cell-edge’ UE (a UE just reaching P=Pmax) depends on P0, , and M. Consequently, the range of P0 should be such that it supports a wide range of receiver SNRs, for the full range of , and M. 

Neglecting the ‘short term variations’ f(i ) and MCS, the ‘average’ transmit power is


P = min{Pmax, 10logM + P0 + ·PL}  [dBm]
 LISTNUM equation \l 4 
Assuming an average noise plus interference level of IN dBm per RB, the resulting uplink SINR is

SINR = P – PL – (IN+10logM)
 LISTNUM equation \l 4 
For a UE that just precisely uses P=Pmax, the pathloss PL is given by

 
Pmax = 10logM + P0 + ·PL


( PL = (Pmax – P0 – 10logM) / 
 LISTNUM equation \l 4 
Hence, for a ‘cell-edge’ UE, with P=Pmax and using M=M0 RBs, to reach a desired SINR = SINR0, the associated P0 value can be found by combining ‎(3) and ‎(4)

 SINR0 = Pmax – PL – (IN+10logM0) = 


= Pmax – (Pmax – P0 – 10logM0) /  – (IN+10logM0) 


( ·(SINR0 + IN+10logM0 – Pmax) = – (Pmax – P0 – 10logM0)

( P0 = ·(SINR0 + IN) + (1–)·(Pmax – 10logM0)
 LISTNUM equation \l 4 
Example: To illustrate the dependency between the parameters, Figure 2 shows examples of received power per resource block as a function of pathloss for different parameter settings. Note that: 
· For M=M0, SINR0 is the SINR achieved at the knee, when P=Pmax
· The slope of the received PSD in the non-full power region is 1–
· The intersection of the y-axis occurs at a received power per RB of P0 dBm

For example, with SINR0=10, M0=25, IN = -106dBm, and  = 0.8, according to ‎(5):

( P0 = 0.8 · (10 + -106) + (1–0.8) · (23 – 10log(25)) = -75dBm
 LISTNUM equation \l 4 
Which can be seen is also the point at which the  = 0.8 intersects the y-axis in Figure 2 (right).
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Figure 1. Examples of received power per RB; left:  = 1, varying SINR0; right: SINR0=10dB, varying . The dashed black line indicates the noise plus interference power per RB (IN).

More generally, the range of P0 should be set so as to cover the full range of interesting target SINRs, for all possible values of alpha and M0, and a wide range of IN. The following ranges may be assumed:

· SINR0 = [-5, 25] dB  
·  = [0, 1]
· M0 =[1, 110] 
· IN = PN0 + NF + IoT dBm = -121dBm + [0, 30] dB = [-121, -91]dBm 
 
Figure 1 (left) plots P0 as a function of SINR0 and  for M0 = 110 and IN = -121dBm (resulting in low P0 values). In Figure 1 (right), M0 = 1 and IN = -91dBm (resulting in high P0 values) is assumed. It is seen that to cover these cases, the range of P0 should be from some -126dB to +23dB. More specifically, the minimum value occurs at =1, and is P0 min = SINR0 + IN (here -5-121=-126dBm), and the maximum value occurs at =0, and is P0 max = Pmax – 10logM0 (here 23–0 = 23dBm).
The range of P0 is thus quite large, some 150dB. With 1dB resolution this requires 8 bits. In principle, it should be possible to reduce the range towards the combined dynamics in SINR0 and IN, i.e. here about 60dB. 
One alternative to reduce the range is to use a special solution for = 0. For =0.4, the highest P0 value is P0 max = 0.4 · (25 + -81) + (1–0.4) · (23 – 10log(1)) = -13dBm. The range is then limited to 113dB, which can be represented using 7 bits. The special solution for = 0 could be to let P0 determine the transmitted power per RB. 
There are however better alternatives. It may be observed that P0 is the received power per RB for a pathloss of 0dB. There is a very large spread in this value for different values of . The power received per RB at a more typical pathloss is however more similar. This is utilized as follows: Define the variable P100 (intuitively received power per RB at PL = 100 if power sufficient):


P100 = P0 – 100 · (1–) = · (SINR0 + IN) + (1–) · (Pmax – 10logM0) – 100 · (1–) 
  LISTNUM equation \l 4 
The range for this variable is depicted in Figure 3 for the same cases as in Figure 2. It is seen that a smaller range results. The variation is in the range [-126, -66] dBm. The minimum value again occurs for at =1, and is P100 min = SINR0 + IN (here -5+-121=-126dBm). The maximum value also occurs for =1, and is P100 max = SINR0 + IN (here 25+-91=-66dBm). This 60dB range can be represented using 6 bits. Then the actual range could be [-127, -64] dBm. Note that the range of P100 now is equal to the combined range of SINR0 and IN.
3. The Range of P0 for PUCCH
For PUCCH, = 1 and M0=1. Further, a low IoT should be maintained, and very high SINRs are not called for. This reduces the required range of P0. The range [-127,-96] would support SINR0 + NF + IoT in the range [-6, 25]dB, which is expected to be sufficient. For example, for NF + IoT = 10dB this corresponds to a SINR0 range of [-16, 15] dB. 
4. Summary and Proposal

It is proposed to:

· Instead of explicitly signaling P0, signaling the parameter P100 = P0 – 100 · (1–).

· For PUSCH, P100 should be coded using 6 bits in the range [-127,-64] dBm. 
· For PUCCH, P100 = P0, should be coded using 5 bits in the range [-127,-96] dBm.
5. References

[1] R1-074489, “Uplink Power Control – Way Forward”, Ericsson.

[image: image3.emf]-5 0 5 10 15 20 25

-140

-120

-100

-80

-60

-40

-20

0

20

40

SINR target (reached/exceeded if P<Pmax) [dB]

P

0

 [dB]

M0=110, IN=-121dBm

 

 

  0

0.4

0.5

0.6

0.7

0.8

0.9

  1

[image: image4.emf]-5 0 5 10 15 20 25

-140

-120

-100

-80

-60

-40

-20

0

20

40

SINR target (reached/exceeded if P<Pmax) [dB]

P

0

 [dB]

M0=1, IN=-91dBm

 

 

  0

0.4

0.5

0.6

0.7

0.8

0.9

  1


Figure 2. P0 versus SINR target and . 
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Figure 3. P100 = P0 – 100 · (1–) versus SINR target and . 
� It is here assumed that PN0 = 10·log (180kHz · 4·10-21 W/Hz / 1mW) = -121dBm. NF is the noise figure, and IoT is the rise of the interference over the thermal noise.





