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1. Introduction
In the last RAN1 meeting, the requirement for neighbor cell Pa signaling was discussed and it was agreed that either 3 or 4 Pa values will be signaled [1].  It was also agreed in RAN4 that the signaled Pa values should also be applicable to QPSK modulation [2].
In this contribution, we discuss the need to extend the signaled Pa range for QPSK in NAICS signaling in order to mitigate network restrictions. System simulation results show the impact of restricted Pa for QPSK on UE throughputs. 
2. Discussion
Pa and Pa range

Pa was defined in Rel-8 to allow semi-static DL power control for UEs using higher level modulations, i.e. 16/64QAM, or for data transmission with more than one layer with CRS based transmission modes.   Pa is a UE specific parameters signaled to an UE to reduce demodulation complexity.   The current range of Pa is {-6,-4.77,-3,-1.77, 0, 1, 2, 3} dB [3] .  For single layer transmission with QPSK, however, Pa does not apply and eNB can freely adjust the DL transmit power to a UE in a per subframe basis.  
Signaling Pa for NAICS
In the last RAN1 meeting, it was agreed that in order to reduce the UE complexity of a NAICS capable UE in blindly detecting the power of an interfering PDSCH, the possible Pa values used  in the neighbor cell will be signaled to the UE.  It was further agreed that 3 or 4 values of Pa will be signaled.  Since Pa does not apply to QPSK currently, a UE would need to blindly detect the EPRE ratio in case that single layer QPSK is used in the interfering PDSCH. In addition, unlike in the 16/64QAM case where a discrete number of Pa values are defined, the EPRE ratio for QPSK can be any value. To reduce the blind detection complexity, it was further agreed that the signaled 3 or 4 Pa values are also applicable to interfering PDSCH with QPSK.   With current Pa range specified for 16/64QAM, this would greatly reduce the network flexibility in DL power control for QPSK transmissions and thus would have a negative impact on the system capacity and UE throughputs. 
The need for Pa range extension for QPSK

To reduce the network impact of transmit power restriction for QPSK in NAICS, one option would be to add additional values for QPSK in  the 3 or 4 Pa values signaled to an UE.  For example, {-12, -6, 0, 3} may be signaled to a NAICS UE where -12dB is only applicable to QPSK while {-6, 0,3} are for all modulation orders.  
2.1.1 Pa range extension for indication of -6dB QPSK RE dynamic range 
According to 36.104 [3], the minimum requirement for eNB downlink RE power control dynamic range is at maximum BS output power specified in table  6.3.1.1-1, which is copied below.   For QPSK, the minimum down side power control range is -6dB.  To indicate such a QPSK power level using the EPRE ratio (i.e. Pa), Pa=-9dB is at least needed.  This is because  as shown in Figure 1, for  2 and 4 CRS ports, due to  muting of  other CRS ports the ratio between the average  data RE power in a OFDM symbol without CRS  and the average CRS RE power is  -3dB  if the same Tx power is used in all the OFDM symbols with and without CRS REs. This is a typical configuration used to boost CRS transmit power without increasing the total transmit power.  It can be seen that in this case, the power of QPSK RE is -9dB lower than the CRS RE. To signal this to a neighbor cell NAICS UE, Pa=-9dB is needed.
Table 6.3.1.1-1 E-UTRA BS RE power control dynamic range [1]
	Modulation scheme used on the RE
	RE power control dynamic range (dB)

	
	(down)
	(up)

	QPSK (PDCCH)
	-6
	+4

	QPSK (PDSCH)
	-6
	+3

	16QAM (PDSCH)
	-3
	+3

	64QAM (PDSCH)
	0
	0

	NOTE 1:    The output power per carrier shall always be less or equal to the maximum output power of the base station.


  

Note that -6dB is the minimum requirement. Depending on eNB implementation, lower than -6dB power reduction for QPSK is possible.  In that case,  Pa<-9dB is needed to signal the QPSK signal level. 
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Figure 1:  Pa = -9dB is at least needed for QPSK at -6dB  RE power control range
 For 16QAM, the minimum requirement is -3dB according to table  6.3.1.1-1.  Thus with the 3dB CRS boosting,  Pa =-6dB is needed to signal the configuration.   Since Pa =-6dB is  one of the current Pa values specified, there is no issue here.  For 64QAM, again there is no issue as Pa=-3dB is one of the specified Pa values.  
So we have the following observation:

Observation 1:  Pa =-9dB is at least needed for QPSK  to support  the minimum required -6dB  RE power control range for QPSK.   

2.1.2 Pa range extension to support large QPSK dynamic range 

As is evident from above discussion, the current Pa values  are aimed for  16/64 QAM. If Pa is used also for QPSK to support NAICS, at least -9dB power ratio should be added.  Considering the waterfall curves from 25.814 [6] ( see Appendix A below) for 2x2 as a rough example, then QPSK can operate  at a signal level at least 5 to 6dB lower than 16QAM (as marked by the green line in the figure). So from that perspective, a further 6dB down in the Pa signaling for QPSK can be justified.  In fact, the minimum SNR level supported for QPSK is about -6dB (CQI = 1) while the lowest SNR for 16QAM is above 3dB (CQI=7) under AWGN, a difference of more than 9 dB.  An  even larger difference  can be seen under EPA channel ( see Figure 2 in [5]).   So we have the following observation:
Observation 2: Since QPSK can work with at least 6dB lower Tx power than 16QAM, it makes sense to extend the Pa range signaled for NAICS to include the values {-9,-12} dB for QPSK in order to reduce network restriction under NAICS. 

2.1.3 Large QPSK power control range improves UE throughput in heterogeneous networks
Dynamically adjusting DL QPSK transmit power is beneficial for reducing interference and thus increasing system capacity.  With reduced macro-cell transmit power, interference to small cells can be reduced and small cell UEs can be served with higher data rates and extended cell range.  We will show with some simulation results that UE throughput can be improved with a larger QPSK power control range.
2.1.3.1 Simulation assumptions 
System level simulation has been done to verify the required Pa range for QPSK in a heterogeneous scenario (NAICS scenario 2a) where pico cells are deployed in each macro cell.  In particular, we compare the average UE throughput with different PDSCH transmit powers (i.e., different Pa values) in the Macro-cells. PDSCH transmissions in the pico cells are not restricted.  SLIC receiver is assumed at the UE. Other details of the system simulation assumptions can be found in Appendix-B. 

2.1.3.2 System evaluation results 
The UE throughputs with different QPSK Pa values in the macro cells are shown in Figure 2.  It can be seen that the UE throughput increases as Pa decreases in the macro-cells.  This is mainly because the interference from macro-cell to pico cell is reduced as Pa decrease in the macro-cell. It can be seen that when the Pa is reduced from -6dB to -12dB, the average UE throughput is gained around 10% while the 5th percentile cell edge UE throughput is improved by more than 30%. 

[image: image2]
Figure 2: Throughput improvement with extended Pa range applied to macro-cell QPSK transmit power in NAICS scenario 2a
Observation 3:  by extending the Pa value for QPSK   from -6dB  to -12dB in a macro-cell in which pico cells are also deployed, the average UE throughput is improved by up to 10%  and the cell edge UE throughput is improved by more than 30%.  

3. Conclusion
In this contribution, we have discussed the needs for expanding the Pa range for NAICS signaling. We have shown that at least -9dB should be included in Pa in order to signal the QPSK power ratio under existing specifications. We have also demonstrated through system simulations that increasing Pa range up to -12dB can substantially improve the UE throughput in NAICS scenario 2.  The following observations and conclusions were made:
Observation 1: Pa =-9dB is at least needed for QPSK with the minimum required -6dB RE power control for QPSK.   
Observation 2: QPSK can work with at least 6dB lower Tx power than 16QAM, it makes sense to extend the Pa range signaled for NAICS  to include {-9,-12}dB for QPSK   in order to reduce network restriction under NAICS. 
Observation 3:  by extending the Pa value for QPSK   from -6dB  to -12dB in a macro-cell in which pico cells are also deployed,  the average UE throughput is improved by up to 10%  and the cell edge UE throughput is improved by more than 30%.  

Based these observations, we have the following proposal:

Proposal: 
The signaled Pa range for QPSK should be extended to include at least {-12dB,-9dB}.
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5. Appendices

5.1. Appendix A:  An example of QPSK vs 16QAM SNR operation range [6]
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5.2. Appendix B:  System Simulation Parameters
	Parameter
	Value

	NAICS scenario
	Scenario 2a 

	Channel model for Macro to UE
	ITU based and 3GPP Model-1 [5]

	Configuration for placing picos/UEs
	Config  4b, with 4 picos per macro cell [6]

	Traffic models
	Non-full buffer (FTP file download with file size of  100kB)

	Antenna configuration
	2x2

	System bandwidth
	10MHz

	Cell  configuration
	colliding CRS 

	Tx Mode
	TM4

	NAICS receiver 
	SLIC

	# of interferer to cancel 
	One  

	CSI reporting scheme
	Pre-NAICS CQI

	CSI reporting periodicity
	5 ms 

	Macro-cell  Tx power
	46dBm 

	Pico cell Tx Power
	30dBm

	Cell selection
	RSRP based cell selection,  CSO= 12dB for pico cell

	Channel and interference estimation
	practical  

	Scheduling
	Proportional fair in time (PFT)

	OLLA CQI adjustment
	NACK: ~0.2dB
ACK:   ~0.02dB
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