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1. Introduction
Downlink power control and Common RS (CRS) power boosting is effective in improving the performance of cell-edge UEs. Power control is also used to reduce the interference to adjacent cell. In addition, power control is used to adjust the power of PDSCH for the multi-antenna transmission case. Unequal power setting between PDSCH in an OFDM symbol with and without Common RS (CRS) is employed to boost the CRS power but to keep the power for each OFDM symbol equal [1] [2]. However, the current specified range of values for power setting parameters described in [2] is not sufficient for practical power control, nor does it maintain equal power between OFDM symbols for certain cases. This contribution highlights this issue and proposes a modification to fix this problem. The companion CR is proposed in [3].

2. PDSCH power allocation

The Power of PDSCH is notified from eNB to UE by using two parameters PA and PB. The UE specific semi-static parameter PA is signaled in dB by higher layers in the range of [3, 2, 1, 0, -1, -2, -3, -6] using 3bits. It indicates the value of ρA where ρA is the PDSCH-to-RS EPRE ratio in OFDM symbols NOT containing RS. This effects UE-specific DL power control that is beneficial for improving throughput of cell-edge UEs by applying higher values, and reducing interference to adjacent cell by assigning lower values to interior UEs. The parameter PA can be also used for adjusting power for the multi antenna case. For example, when PA = -6dB is used, the total power of PDSCH from antenna port 0 to 3 is equal to the power of RS. 

PB is a cell-specific semi-static parameter and is an index that denotes ρB / ρA where ρB is the PDSCH-to-RS EPRE ratio in OFDM symbols containing RS. Table 1 shows value of ρB / ρA specified in 36.213 section 5.2.

Table 1. 36.213 section 5.2 Ratio of PDSCH-to-RS EPRE in symbols with and without reference symbols for 1,2, or 4 cell specific antenna ports.

	PB
	ρB / ρA

	
	One Antenna Port
	Two and Four Antenna Ports

	0
	1
	5/4

	1
	4/5
	1

	2
	3/5
	3/4

	3
	2/5
	1/2


Table 1 is specified to keep the power of Type A OFDM symbol and Type B OFDM symbol equal for one antenna port. Fig. 1 shows the power relation between PB and EPRE in the case when the power of Type A OFDM symbol and Type B OFDM symbol is equal. Here the Type A OFDM symbol and the Type B OFDM symbol denote the OFDM symbol not containing CRS and containing RS, respectively. 


[image: image1]
Fig. 1 Relationship with PB and CRS power boosting

3.  Issue with the current specification

Fig. 2 shows an example of power assignment for 4Tx antenna case and PA = -6dB is used. In this case, the Power of Type B OFDM symbol is equal to the Power of the Type A OFDM symbol when PB =3 is adopted. But there are some problems.

1) UE-specific power control with lower value PA is not available because no lower value than -6dB is specified. This means that excess power to the interior UE might be assigned and that causes inter cell interference. In fact, higher values of PA such as PA = 3dB are not practical for the 4 Tx antenna case because the total power become 9dB higher than that of RS if PA = 3dB is used. 

2) The total power of PDSCH in the OFDM symbol with RS is half of the power of RS. 

For 2), to make the total power of PDSCH and RS equal, selecting PA = -4.7dB and PB =2 is a good choice. Fig. 3 shows this. The Power of the Type B OFDM symbol is equal to the Power of the Type A OFDM symbol. But there are no value of PA =-4.7dB in the current specification.


[image: image2]
Fig. 2 Power for each antenna port (4Tx Ant, PA = -6dB, PB =3)


[image: image3]
Fig. 3 Power for each antenna port (4Tx Ant, PA =-4.7dB, PB =2)

The range of the current specified values is not appropriate, not only from the above viewpoint but also from the view point of power between OFDM symbols for some cases. Fig. 4 shows the case when PB =3 and PA =0dB is used. The Power of Type B OFDM symbol is only half of that of the Power of the Type A OFDM symbol. 

Fig. 5 shows the relationship of PA and power balance between OFDM symbols for one antenna port which includes RS for each PB. The PA value, where the power of the Type B OFDM symbol and the power of the Type A OFDM symbol become equal, differs according to PB; i,e, PA =0dB for PB =0, PA =-3dB for PB =1, PA =-4.7dB for PB =2, and PA =-6dB for PB =3. This suggests that the power between OFDM symbols become equal when all UEs are power- controlled with these PA values, or the average value of power-controlled UEs is these PA *(power of RS). 


[image: image4]
Fig. 4 Power for each antenna port (1Tx Ant, PA =0dB, PB =3)


[image: image5]
Fig. 5 Power of Type A and Type B OFDM symbol for one antenna port with RS

4. Proposed modification

In order to solve the above mentioned problems, possible solutions are ;

1) Add a new ρA value by adding another PA value.

2) Specify the value depending on the number of transmit antennas.

3) Specify the value depending on the value of PB.

Solution 1) requires an increase of signaling bits of PA. 
Solution 2) can be accomplished by dividing the current value PA with the number of transmit antennas and can adjust the power control range to practical values for the multi antenna case. But for PB =2, the most suitable value PA =-4.7dB that ensurse power between OFDM symbols equal is not obtained. 
Thus our preference is Solution 3).

Therefore ρA should be defined based on PB. Type A PDSCH-to-RS EPRE is expressed as follows.

ρA[dB] = 10*log(10^(PA /10)* kPB)
(1)
where kPB  = 1 / (PB + 1)
By adopting this, the value of ρA is shown below, and UE-specific power control is available by keeping the power of the Type A OFDM symbol and the power of the Type B OFDM symbol equal. 

For PA = [3, 2, 1, 0, -1, -2, -3, -6]

 ρA [dB] =
[3, 2, 1, 0, -1, -2, -3, -6] 


for PB = 0



[0, -1, -2, -3, -4, -5, -6, -9] 

for PB = 1

[-1.7, -2.7, -3.7, -4.7, -5.7, -6.7, -7.7, -9.7] 
for PB = 2



[-3, -4, -5, -6, -7, -8, -9, -12] 

for PB = 3

5. Conclusion

The Range of ρA should be modified to execute practical power control and it should be PB dependent to keep the power between OFDM symbol with CRS and OFDM symbol without CRS equal. 
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