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1. Introduction
The current working assumption on intracell uplink power is as follows [1]

 REF _Ref174863513 \n \h 
 \* MERGEFORMAT [2]. The UE sets the output power P according to the formula:


P = min{Pmax, 10logM + P0 + ·PL + f(i )+ MCS}  [dBm]
 LISTNUM equation \l 4 
Where Pmax is the maximum UE power, M is the number of scheduled resource blocks, PL is the estimated pathloss, P0 and  are parameters controlling the received power, i is a UE specific offset, and MCS is a Modulation and Coding Scheme (MCS) specific offset.

Some issues are however still open, and are subject of ongoing discussions. This paper discusses these issues, and proposes solutions.

2. Open Issues and Proposed Solutions

1) What is the range, resolution, and update rate of P0?
The SINR reached by a ‘cell-edge’ UE (a UE just reaching P=Pmax) depends on P0, , IoT, and M. Consequently, the range of P0 should be such that it supports a wide range of received SINRs, for the full range of these parameters. Appendix A contains a detailed analysis of this. To support an SINR range of [-5, 25] dB, = [0.0, 1.0], IoT = [0, 30], and M = [1, 110], P0 needs to span the range [-126, 24]dB. With a 1dB granularity this requires 8 or possibly 7 bits. For a given  however, a much smaller range of P0 is of interest. Using the help variable K = P0 + 100·, with a range of [-28, 34] dB, it is possible to support the desired range of SNRs, , and M, with 6 bits. 
The resolution of P0, or K, should be 1dB. The update rate is in the order of 100ms (can be fitted to a suitable BCCH rate).

It is also proposed that UE specific P0 values are supported through RRC signaling. The benefit of this is to be able to compensate for systematic measurement errors. 

2) What is the range, resolution, and update rate of ?
The range of  should be [0, 1]. Fine granularity for higher values of alpha is of greater interest than for lower values. Hence, to represent  with 3 bits, the range [0.0 0.25 0.5 0.6 0.7 0.8 0.9 1.0] could be used. The update rate of  should be similar to that of P0. 

3) What is the number of bits, dynamic range and coding of bits for i?
It is proposed to use 2 bits for both absolute and accumulative operation. For both cases it is proposed to cover the range [-1 0 +1 +3] dB.

Note: the range for absolute i depends strongly on the possibility to send UE specific P0 values, e.g. to correct systematic measurement errors. Without this possibility a larger range for absolute operation is required. 
4) How is PL obtained, and how often is it updated?

An alternative to using PL is to use the received downlink RS power. The benefit of this is that the transmitted DL RS power need not be signaled. In any case, it is proposed that the PL or received DL RS power is measured and filtered as the RSRP. 
5) The Sounding RS power follows the PUSCH power with an offset. How to set the offset value?

It is proposed that the SRS uses the same PSD as the PUSCH with a zero MCS offset, i.e. MCS = 0. Alternatively, the SRS offset is signaled as a special MCS using MCS signaling.

6) For persistent scheduling, the same mechanism as for PUCCH is used. How to set the offset value?

Different P0 is used for PUCCH and PUSCH. 
7) How is power headroom signaled? 
It is proposed that the UE power headroom report is transmitted based on RRC configured triggering conditions and is that is transmitted as a MAC control element

8) For inter-cell PC a frequency dependent overload indicator is agreed. More details on this? 

An event triggered IoT measure, 3-4 bits per RB, is proposed [3].
3. Summary 

The proposed parameter ranges are summarized in Table 1.

Table 1.  Power Control Parameters Range and Update Rate

	Parameter
	Signaling
	Range
	Update rate

	P0
	Default value on BCCH, UE-specific using RRC
	[-126, 24], 1dB steps. Possibly represented as K = P0 + 100·, with a range of [-28, 34] dB
	D-BCCH rate, e.g. 160ms 

	
	BCCH
	[0.0, 0.25, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0]
	D-BCCH rate, e.g. 160ms  

	PRxDL/ PL
	--
	--
	As RSRP

	i
	L1/L2 CCH 
	[-1, 0, +1, +3] dB
	TTI

	MCS
	RRC
	20dB range
	Semi-static

	M
	L1/L2 CCH 
	0 - 110
	TTI
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A. The Range of P0 

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) = 

= min{Pmax – PL – (IN+10logM), 10logM + P0 + ·PL– 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 (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 
Now, 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 =[0, 110] 

· IN = PN0 + NF + IoT dBm = -113.5dBm + [0, 30] dB = [-121, -91]dBm 
 
Figure 1 plots P0 as a function of SINR0 and  for M0 = 100 and IN = -91dBm (resulting in high P0 values). In Figure 2, M0 = 1 and IN = -121dBm (resulting in low P0 values) is assumed. It is seen that to cover these cases, the range of P0 should be from some -126dB to +24dB. More specifically, the minimum value occurs at =1, and is P0 min = SINR0 + IN, and the maximum value occurs at =0, and is P0 max = Pmax – 10logM0.

The range of P0 is thus quite large, some 150dB. However, for a given value of , the interesting range for P0 is much smaller. Further, P0 increases close to linearly with decreasing . As depicted in Figure 3 and Figure 4, the variation in P0 + 100· is in the range [-28, 34] dB, which is much smaller than the variation of P0.

This may be utilized by instead of explicitly signaling P0 signaling the parameter K = P0 + 100.
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Figure 1. P0 versus SINR target and .
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Figure 2. P0 versus SINR target and .
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Figure 3. P0 + 100* versus SINR target and .
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Figure 4. P0 + 100* 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.





