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1. Introduction

Power borrowing by PHICH from PDCCH on the first OFDM symbol and network performance (average cell and cell edge throughput) was investigated.  To compensate the power loss for PDCCH on the first symbol, PDCCH on the second (and third) OFDM symbol(s) may use power higher than the case without power borrowing, subject to symbol maximum power limitation.
It is shown, via system simulation (see Table 3 and 4 for assumptions), that for Deployment Case 1, power borrowing of 2.0 dB (that is, 58.5% of the power that could be used by PDCCH on symbol 1 has been borrowed by PHICH) does not lead to significant performance loss.  For Deployment Case 3,  power borrowing of 0.5 dB, 1 dB, 1.25 dB, and 1.5 dB lead to performance loss in terms of average cell throughput although the loss was very small (<1%), but there is a loss if higher power borrowing of 2.0 dB and 2.5 dB is used.  Relevant parameters including the intra-CCE power offset limit and Resource Element Group (REG) power boosting limits are also discussed.
2. Simulation assumptions and results
Network simulations with 5MHz bandwidth and 2 control channel symbols were performed.  Each symbol cannot exceed the symbol maximum power limitation of 20 Watts.  For symbol 1, it was assumed that 8.8 Watts is used for reference symbols, PHICH, and PCFICH, and 11.2 Watts is used for PDCCH.  Seven different power borrowing levels were studied: 0 dB, 0.5 dB, 1.0 dB, 1.25 dB, 1.5 dB, 2.0 dB, and 2.5 dB, corresponding to 0%, 12.2%, 25.8%, 33.3%, 41.2%, 58.5%, and 77.8% of the 11.2 Watts allocated to PDCCH are borrowed by PHICH, respectively.  Then symbol 2 tries to compensate all the power loss for each CCE individually, but also ensures the total power does not exceed 20 Watts.  Then the power boosting for each REG is restricted to be within either +/-6 dB or +/-9 dB.  The lower boosting limit for symbol 2, however, is special and was set differently to be -10 dB in all simulations; this is because if a lower boosting limit of -6 dB was used then power exceeding 20 Watts may be possible.  Finally, the intra-CCE power offset limit was enforced for each CCE so that the REG powers within each CCE do not vary beyond 0 dB, 2 dB, 3 dB, 4 dB, 6 dB, or 9 dB.  Maximum of 6 DL assignment and 6 UL assignments per subframe was used.  The Subblock interleaver for PDCCH was used.
The results in Tables 1 through 4 show that there is no noticeable loss in average cell and cell edge throughput performance for Case 1 when the power borrowing is within 58.5%.  Higher power borrowing leads to some minor performance loss (1% ~ 2%).  Different intra-CCE power offset limits and different power boosting limits have little or very minor impact on throughput performance (<1%), though at high power borrowing cases such as 58.5% and 77.8% borrowing, higher power boosting limit seems beneficial.   
For Case 3, increasing the power borrowing leads to only very minor degradation of performance, up to 41.2% of power borrowing.  Within this range of power borrowing, varying the intra-CCE power offset limit beyond 2 or 3dB and varying the power boosting limits from +/-6 dB to +/-9 dB do not lead to meaningful changes in either the average cell throughput or the cell edge throughput.  However, for 58.5% and 77.8% power borrowing, there is significant throughput performance degradation.  Allowing larger intra-CCE power offset limit, which assigns more power to symbol 2 to effectively compensate the power loss in symbol 1, prevents severe performance loss.  Using +/-6 dB power boosting limits has a better performance than using +/-9 dB power boosting limits.
Histograms of the power allocations to symbol 1 and symbol 2 shown in Figure 1 confirmed that the symbol power limitations are not exceeded.  
Table 1 – Average Cell T-put for 1x2, 3km/h TU, +/-6 dB Power Boosting Limits
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Table 2 – Cell Edge T-put for 1x2, 3km/h TU, +/-6 dB Power Boosting Limits
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Table 3 – Average Cell T-put for 1x2, 3km/h TU, +/-9 dB Power Boosting Limits
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Table 4 – Cell Edge T-put for 1x2, 3km/h TU, +/-9 dB Power Boosting Limits
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Figure 1 – Histograms for symbol 1 and symbol 2 CCH power (Case 3, 41.2% power borrowing, 
+/-6 dB power boosting limits, 6 dB power offset)
3. Conclusion 
Power borrowing by PHICH from PDCCH on the first symbol does not degrade the performance for Case 1 for up to 58.5% power borrowing.  For Case 3, increasing power borrowing degrades performance slightly for up to 41.2% power borrowing, and leads to higher or significant performance loss for 58.5% and 77.8% power borrowing.     Relaxation of the intra-CCE power offset limit to 2 or 3 dB seems to be adequate for achieving non-borrowing performance.  Larger relaxation does not seem to have meaningful impact on performance except for very high power borrowing.
It is proposed to capture in 36.213 [2] that:

· A UE may assume that PDCCH power boosting is limited to [+6] dB and [ -10] dB
· A UE may assume that the intra-CCE power offset between 1st OFDM control symbol and 2nd and/or 3rd OFDM control symbol is limited to [+3] dB..
Note that intra-CCE power offset is needed to allow for PHICH power borrowing from PDCCH in 1st OFDM control symbol to avoid issues given in [4] and is also useful for accounting for variation in CCE REG distribution across the OFDM control symbols described in [3].  To reduce UE complexity regarding AGC headroom and EVM it is also preferable to have maximum PDCCH power boosting (for QPSK) be limited to approximately +4dB and -6dB although as indicated a power boosting limit of -10dB is preferred to minimize control symbol power limitation.
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Table 5. Simulation Assumptions
	Parameter
	Assumption/Value

	Cellular layout
	Hexagonal grid, 19 cell sites, 3 cells per site, wrapped‑around

	Inter-site distance (ISD)
	500 m, 1732 m

	Distance-dependent path loss
	L = 128.1 + 37.6log10(R), R in kilometers

	Lognormal Shadowing 
	As modeled in UMTS 30.03, B 1.4.1.4

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m

	Shadowing correlation
	Between sites
	0.5

	
	Between cells per site
	1.0

	Penetration loss
	20 dB

	Carrier frequency
	2 GHz

	Bandwidth
	5 MHz

	Subcarrier spacing
	15 kHz

	Resource block size
	180 kHz (12 subcarriers)

	Cyclic Prefix overhead
	7.1 % (short CP)

	Subframe duration
	1.0 ms

	Number of OFDM symbols per subframe
	14

	Channel model
	Typical Urban (TU) used for PDSCH and for  PDCCH

	UE deployment
	10 per cell (uniform random spatial distribution over cells)

	Minimum distance between UE and BS
	35 m

	Frequency reuse factor
	1

	Hybrid ARQ scheme
	Chase combining (asynchronous)

	Hybrid ARQ round trip delay
	6 subframes (6 ms)

	Max number of hybrid ARQ retransmissions
	8

	Thermal noise density
	-174 dBm/Hz

	Antenna pattern (horizontal)
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	Total BS TX power
	43 dBm 

	BS antenna gain (incl. cable loss)
	14 dBi

	BS transmitter
	1 antenna

	UE speed 
	3 km/h

	UE receiver
	2 antennas

	UE antenna gain
	0 dBi

	UE noise figure
	9 dB

	CQI feedback delay
	2 ms

	CQI subband size
	180 kHz (12 subcarriers)

	CQI quantization
	5 bits per value/subband

	CQI feedback cycle
	2 ms

	CQI Error
	1dB for low SINR and 0.5 for high SINR

	Link to system level interface
	K=7 Convolutional Coder for PDCCH, EESM for PDSCH

	Traffic type
	Full buffer

	Scheduler
	Time and frequency selective Proportional Fair scheduler


Table 6. L1/L2 Control channel parameters
	Parameter
	Assumption/Value

	L1/L2 control channel multiplexing
	TDM with data, each L1/L2 control channel mapped across entire BW

	L1/L2 control channel payload size
	DL assignments
	5 MHz:
48 bit

	
	UL assignments
	5 MHz:
36 bit

	Maximum # DL assignments per sub‑frame
	5 MHz:
6, 10

	Resource / power sharing between L1/L2 control channels
	Dynamic sharing between DL assignments

Number of control channels with different MCS levels are adjusted dynamically according to allocated UEs and aggregated CCEs

No sharing between DL and UL assignments

	Power control
	On, power boost at most +/- 6dB.

	CCE size
	36 REs

	CCE aggregation sizes / MCS levels
	8 / QPSK rate 1/12
4 / QPSK rate 1/6
3 / QPSK rate 2/9
2 / QPSK rate 1/3
1 / QPSK rates 2/3  

	Coding
	Convolutional

	Reference signal overhead
	5 MHz:
50/600 REs  (assuming reference signals for 2TX antennas)

	L1/L2 control channel overhead
	DL ACK/NACK (PHICH)
	5 MHz:
3  out of 125 mini-CCEs  (50 1st symbol +75 2nd symbol)

	
	PCFICH
	5 MHz:
4 mini-CCEs out of 125

	
	UL assignments
n=2

	
5 MHz:
6 CCEs / 216 REs / 54 mini-CCEs )


	
	DL assignments 
n=2

	
5 MHz:
7 CCEs / 252 REs / 63 mini-CCEs)


	Control channel errors
	Explicitly modeled for DL & UL assignments, FER computed only for DL

	Intercell interference randomization
	Explicitly modeled for DL & UL assignments, one CCE RE every Ncce REs across n=2 symbols excluding RS, PCFICH, PHICH locations.  Power allocation for  RS, PCFICH, and PHICH is accounted for.  REG index=PREG index.
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