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1. Introduction

This contribution is revised from [2] with updated simulation results and further consideration for link adaptation of downlink control channel. In RAN1 #47, it was decided that at least two formats for downlink control signalling are supported and the power setting of each control channel is up to the Node B. To support multiple formats for control signalling, the overhead for control channel link adaptation should be investigated as well as power setting of control channel. 
In this contribution, dynamic and semi-static link adaptation for L1/L2 control signalling are investigated considering power consumption for control channel. The former selects modulation and coding rate (actually coding rate only since it was decided that only QPSK should be used as modulation scheme for control channel) for control signalling dynamically according to instantaneous average channel SINR and the latter selects that semi-statistically according to geometry of each UE. 
2. Link Adaptation for Control Channel
MCS set and the corresponding required SNR of each MCS level for CCH are shown in Table 1. 
In this contribution, basic CCE size is assumed to be 36 REs in 10 MHz, which corresponds to the coding rate of 2/3. As for CCE aggregation, 1, 2 and 4 aggregation of basic CCE are simulated, resulting in coding rate of 2/3, 1/3 and 1/6, respectively. For the convenience, we call the amount of resource elements for one 2/3 code CCE as ‘CCE unit’. Then, each control channel is composed of 1, 2, 4 CCE units depending on its MCS level. 

In the following subsections, simulation methods used for dynamic link adaptation and semi-static link adaptation are elaborated.
Table 1 MCS for control channel
	MCS Level

(k)
	Required Number of REs
	Required aggregation  of CCE Units
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	0
	36
	1
	QPSK
	2/3
	5.2

	1
	72
	2
	QPSK
	1/3
	1.0

	2
	108
	4
	QPSK
	1/6
	-2.0


· Dynamic link adaptation 
Under dynamic link adaptation for control channel, MCS and power setting are determined by the average channel SINR for whole band every sub-frame, which is reported by CQI information. If the MCS level is selected according to the channel quality, transmission power level setting is done in terms of “
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 is average SINR for reference signal of UE i, ………………..(1)
The dynamic link adaptation rule is described in detail in the followings:
1. MCS level k for UE i is selected with maximum value such that 
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2. After setting MCS level for each CCE, actual transmission power level for CCE at a sub-frame, 
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 and the number of used CCE unit, 
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 are calculated, where 
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 at each sub-frame in which 
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 is the required power boost ratio to reference signal power of UE i for the selected MCS level and 
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 is required number of CCE unit for UE i according to selected MCS level, which can be easily obtained from Table 1 for the corresponding MCS level.
2-1. If 
[image: image12.wmf]é

ù

å

>

i

i

req

cch

M

P

, then 
[image: image13.wmf]é

ù

cch

cch

P

N

=

and number of 
[image: image14.wmf]é

ù

)

(

å

-

i

i

req

cch

M

P

 resource elements are nulled.
2-2. If 
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· Semi-static link adaptation 
In case of semi-static link adaptation, MCS for CCH is determined basically in terms of UE-geometry, and it is not changed as long as geometry of the UE is unchanged, while power control for CCH is performed every sub-frame according to the channel quality, as equation (1). However, direct mapping of UE-geometry to required SNR in the MCS table (Table 1) is not appropriate because average channel SINR has usually 3 dB gain with dual receiving antennas and UEs are predisposed to be scheduled when their channel gains are better than average. Therefore we applied a bias ( to select the MCS level from the geometry value. In other words, MCS level is selected based on “geometry + (”.
In this scheme, control channel performance is mainly dependent on the geometry of UEs. However, there may be measurement errors on geometry of UEs. Hence, we also investigated the effect of errors on geometry of UEs, and measurement error is modelled as log-normal distribution with 1dB, 2dB and 3dB standard deviation, respectively. 
· System simulation results

In Table 2, throughput, average number of scheduled UEs in a sub-frame and number of control OFDM symbols are shown according to the link adaptation schemes and the bias level ( for semi-static adaptation assuming perfect geometry measurement. 
In the simulation, it is assumed that CQI is reported every 5ms with 3ms delay, CQI bin bandwidth is 2RBs and measurement error is modeled as log-normal distribution with 1dB standard deviation. Target FER for data is set to be 10 % with outer target control loop, while it is assumed as 1% for control channel. According to current agreement, it is considered that control and data are not mixed in a same OFDM symbol and the number of OFDM symbols for control is limited within 3. The number of UEs per cell is assumed to be 10. Major simulation parameters are shown in Appendix. 
Column (1) is sum of the required number (aggregation) of CCE units per sub-frame, which is determined by the selected MCS level at each sub-frame, 
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. Column (3) is average transmission power level of all CCE units at a sub-frame, which is computed by step 2 in the previous sub-section, i.e. 
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 and column (2) is the average number of CCE units actually used for downlink control signalling at each sub-frame considering (1) and (2) which is elaborated in step 2-1 and 2-2 in the previous sub-section, i.e.
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Results in Table 2 show that differences in achievable cell throughput and control channel overheads between dynamic and semi-static link adaptation are not considerable if the bias level ( for semi-static adaptation is selected properly (6dB seems most suitable in this simulation). 
Figure 1 shows cumulative distribution function of required transmission power boost for all UEs, 
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, for dynamic link adaptation scheme and semi-static link adaptation scheme. In semi-static link adaptation with 0dB bias in the figure, almost 90% UEs have power boost values less than 1, meaning that the selected MCS level for most UEs are unnecessarily low even when their actual channel qualities could allow higher MCS level for those UEs. As results, control channel would be transmitted with very low transmit power using excessive number of CCE units, which is certainly undesirable in terms of resource utilization. On the contrary, the graph from semi-static link adaptation with 6dB bias case is pretty similar to that from dynamic link adaptation, indicating that channel quality seems to be well reflected in link adaptation. Therefore, power boost of semi-static link adaptation with appropriate bias level ( seems comparable to that of dynamic link adaptation method. 
Table 3 shows the effect of measurement error on geometry in a semi-static link adaptation method. Throughput loss is not considerable even though there is measurement error with 1dB, 2dB and 3dB standard deviation on geometry. Figure 2 shows cumulative distribution function of required transmission power boost for all UEs with measurement error on geometry in semi-static link adaptation. As shown in the figure, cumulative distribution function with measurement error on geometry is not that much different from that with perfect geometry. In the figure, GeoErr is standard deviation of log-normal error considered. 
From the results evaluated, there is no significant difference between two alternatives (dynamic vs. semi-static link adaptation) in the view point of control channel overhead and system throughput. Also, even if there are errors on geometry measurement, control channel overhead and throughput is not much different from the case of semi-static link adaptation without errors. With this observation and considering the fact that semi-static link adaptation can reduce the blind decoding complexity at UE side, we suggest semi-static link adaptation for downlink control channel. 
Table 2 Simulation results of dynamic link adaptation and semi-static link adaptation with different bias (
	　
　
	Throughput (Kbps)
	Number of
Scheduled UEs
	Number of Control
OFDM Symbols
	Req. Number of CCE Units (
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	Dynamic Link Adaptation
	16558.26
	9.550
	2.115
	12.807
	13.651
	12.040

	Semi-static 0dB bias
	15310.01
	9.552
	2.931
	23.718
	23.760
	11.103

	Semi-static 2dB bias
	15670.57
	9.554
	2.707
	19.512
	19.618
	11.258

	Semi-static 4dB bias
	16369.66
	9.553
	2.248
	15.577
	15.847
	11.505

	Semi-static 6dB bias
	16560.15
	9.552
	2.114
	12.921
	13.827
	11.992

	Semi-static 8dB bias
	16509.29
	9.549
	2.150
	10.804
	13.768
	12.891


Table 3 Simulation results of semi-static link adaptation with errors in geometry measurement (( = 6dB)
	　
　
	Throughput (Kbps)
	Number of
Scheduled UEs
	Number of Control
OFDM Symbols
	Req. Number of CCE Units (
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	semi-static, GeoErr=0dB
	16560.15
	9.552
	2.114
	12.921
	13.827
	11.992

	semi-static, GeoErr=1dB
	16540.67
	9.546
	2.118
	12.833
	13.927
	12.075

	semi-static, GeoErr=2dB
	16519.51
	9.546
	2.136
	12.882
	14.003
	12.144

	semi-static, GeoErr=3dB
	16515.95
	9.546
	2.137
	12.912
	14.112
	12.184
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Figure 1 CDF of power boost for each link adaptation rule
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Figure 2 CDF of power boost for each geometry error in semi-static link adaptation
3. Conclusion

In this paper, performances of dynamic and semi-static link adaptation for data-associated CCH are investigated and compared in terms of system throughput and required control channel overhead. 

While it might be true that dynamic link adaptation rule for PDCCH could fully exploit and reflect fast varying link quality, it comes with the cost of imposing larger complexity burden on UE side due to the increased number of blind detection attempts for PDCCH. Therefore, concerning the UE complexity due to blind detection, semi-static link adaptation would be a good alternative to dynamic link adaptation as long as the performance degradation from dynamic link adaptation is within acceptable range. 
In order to compare two link adaptation schemes, some system level simulations have been performed. According to the results, it has been shown that semi-static link adaptation rule could also provide comparable CCH performance in terms of throughput and CCH overhead while largely reducing the required number of blind decoding attempts for PDCCH on UE side compared to dynamic link adaptation, as long as its MCS level could be selected appropriately based on UEs’ geometry, for which our simulation results confirmed that one could allow certain margin in accuracy of the measurement without noticeable performance degradation, and proper power control is backed up. 
Based on the above reasoning, it is proposed to assume per-UE semi-static link adaptation as a basic working assumption in designing E-UTRA control signal structure for DL/UL scheduling.
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Appendix : Simulation Parameters
Table 4 MCS and data rates used
	Modulation
	Code Rate
	Data rate

[Mbps/MHz]

	QPSK
	1/3
	0.4

	
	1/2
	0.6

	
	2/3
	0.8

	
	3/4
	0.9

	
	4/5
	0.96

	16 QAM
	1/2
	1.22

	
	2/3
	1.60

	
	3/4
	1.80

	
	4/5
	1.92

	64 QAM
	2/3
	2.4

	
	3/4
	2.7

	
	4/5
	2.88


Table 5 General simulation environments
	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Distance-dependent path loss
	128.1 + 37.6
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	Shadowing standard deviation
	8dB

	Shadowing correlation
	0.5 (between cells) / 1.0 (between sectors)

	System bandwidth
	10MHz

	Channel model
	Typical Urban (TU)

	Traffic model 
	Full Buffered model

	Hybrid ARQ
	IR

	Number of antennas
	1 x 2 (DL RS overhead assumed 2Tx antenna )

	Number of UEs per cell
	10

	Node B Tx Power
	46 dBm

	Node B antenna pattern 
	70-degree sectored beam

	UE antenna gain
	0 dBi

	Thermal noise density
	-174 dBm/Hz

	Link Mapping
	EESM

	Inter Site Distance
	1732 m

	Penetration Loss (dB)
	20

	UE speed
	3 Km/H
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