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1 Introduction

Several aspects of the DL control signaling design were agreed in the last RAN1 meetings. One of the properties of the design is the aggregation of control channels (e.g. DL and UL assignments) based on CCEs (Control Channel Elements), where the aggregation size for a given control channel can be adjusted to yield control channel MCS levels with code rates of ~ 1/12, 1/6, 1/3 and 2/3 (all QPSK).

From a UE perspective, how often the CCE aggregation size can be adjusted is crucial, since it has a major impact on the number of required blind detection attempts a UE has to perform within subframe, i.e. compared to dynamic adjustment by a semi‑static configuration of the CCE aggregation size, the number of maximum required (blind) detections can be significantly reduced.

Therefore, this contribution investigates the system level performance of semi-static, dynamic and hybrid semi-static/dynamic CCE aggregation size adjustment. Moreover, since we assume fast CQI‑based power control of the DL control channels, the statistics of the transmit power variations are analyzed in order to estimate the influence on the intercell interference fluctuation.

This contribution is an update of [1].

2 System level performance

2.1 Simulation assumptions and methodology

In order to analyze the impact of semi‑static, dynamic and hybrid CCE aggregation size adjustment, system level simulations for simulation case 3 in [2] are carried out. The simulations assume CCE aggregation sizes of 8, 4, 2 and 1 CCEs representing MCS levels with QPSK rates 1/12, 1/6, 1/3 and 2/3 (assuming a fixed PDCCH payload size) with the following configurations:

· Semi-static CCE aggregation size adjustment
The number of aggregated CCEs, i.e. the MCS level for the DL and UL assignments is configured based on a long term averaged wideband CQI feedback and remains fixed within a simulation run. The power control of the control channels is based on the instantaneous wideband CQI feedback

· Dynamic CCE aggregation size adjustment
The number of aggregated CCEs for the DL and UL assignments and the power control is based on the instantaneous wideband CQI feedback, i.e. the CCE aggregation size is selected dynamically
· Hybrid semi-static/dynamic CCE aggregation size adjustment
The CCE aggregation sizes are divided into CCE aggregation sets, with each set containing multiple CCE aggregation sizes. The CCE aggregation set, i.e. the set of MCS levels for the DL and UL assignments, is configured based on a long term averaged wideband CQI feedback and remains fixed within a simulation run. The selected CCE aggregation size within the configured CCE aggregation set and the power control is based on the instantaneous wideband CQI feedback. The following sets are defined:

· Hybrid (a): 2 non-overlapping sets, each set containing 2 CCE aggregation sizes

· Set 1: 8 CCEs, 4 CCEs

· Set 2: 2 CCEs, 1 CCE

· Hybrid (b): 3 overlapping sets, each set containing 2 CCE aggregation sizes

· Set 1: 8 CCEs, 4 CCEs

· Set 2: 4 CCEs, 2 CCEs

· Set 3: 2 CCEs, 1 CCE

· Hybrid (c): 2 overlapping sets, each set containing 3 CCE aggregation sizes

· Set 1: 8 CCEs, 4 CCEs, 2CCEs

· Set 2: 4 CCEs, 2 CCEs, 1 CCE

Common DL L1/L2 control channel setup assumptions are provided in Table 1.

Additional simulation parameters are provided in Annex A.

Table 1. 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:
42 bit
10 MHz:
55 bit
20 MHz: 
64 bit

	
	UL assignments
	5 MHz:
35 bit
10 MHz:
37 bit
20 MHz: 
39 bit

	Maximum number of UL/DL assignments per sub‑frame
	5 MHz:
8 (4 DL, 4 UL)
10 MHz:
12 (6 DL, 6 UL)
20 MHz:
20 (10 DL, 10 UL)

	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

	Coding
	Convolutional

	PDCCH transmit power control
	On (max +/- 10dB)

	MCS levels
	QPSK rates 1/12, 1/6, 1/3 and 2/3

	Reference signal overhead
	9.5% (assuming reference signals for 2TX antennas)

	L1/L2 control channel overhead
	DL ACK/NACK
	2.9%

	
	PCFICH
	5 MHz:
0.5%
10 MHz:
0.25%
20 MHz:
0.125%

	
	UL assignments (dynamically controlled)
	5 MHz:
< 8.2%
10 MHz:
< 6.4%
20 MHz:
< 5.9%

	
	DL assignments (dynamically controlled)
	5 MHz:
< 9.9%
10 MHz:
< 9.5%
20 MHz:
< 10.2%

	Control channel errors
	Explicitly modeled for DL assignments

	Intercell interference randomization
	Perfect


Simulation results

The average cell spectral efficiencies and cell‑edge user spectral efficiencies for 3 and 30 km/h are shown in Figure 1. It can be observed that there is no performance difference between the simulated schemes, except for the semi‑static CCE aggregation for UE speeds of 30 km/h. It should be noted that for all cases the PDCCH error rate has been controlled to be around 1% using appropriate transmit power control.

In order to evaluate the impact of the power control on the intercell interference fluctuation and, hence, the SINR in the neighboring cells, Figure 2 shows the standard deviation (on CCE level) of the PDCCH power boosting and de‑boosting. As expected, the largest standard deviation is obtained for semi‑static CCE aggregation (~0.6 dB maximum increase compared to the dynamic case), since larger power offsets between the thresholds for the selected CCE aggregation size (MCS level) and the reported SINR have to be compensated. The hybrid schemes are positioned in between the dynamic and the semi‑static case and show maximum STD increases (compared to dynamic) of 0.5 dB, 0.3 dB and 0.05 dB for hybrid (a), (b) and (c) respectively. The slight increase of the semi‑static and hybrid schemes is assumed to have only a marginal effect on the fluctuation of the SINRs in the neighboring cells, since the fluctuations caused by other sources, e.g. fading, are expected to be much larger and since sufficiently well randomized intercell interference can be assumed. 

Additional simulation data is provided in Annex B.
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Figure 1 – Cell and cell‑edge user (5%‑tile) spectral efficiencies
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Figure 2 – Standard deviation of PDCCH power boosting/de‑boosting (CCE level)
3 Discussion

As mentioned in section 2.1, the semi-static and hybrid CCE aggregation schemes require a long term averaged wideband CQI feedback, which is obtained in a similar type from the mobility measurement during initial access. However, in the first steps during the initial access procedure the eNodeB may not have such a measurement available. Therefore, in this case a semi-static or hybrid CCE aggregation is not possible. Instead a predefined CCE aggregation size set should be used, which can be link‑adapted by transmit power control. 

Table 2 shows an example for the theoretically maximum required number of blind decodings per PDCCH payload size [3] for the different schemes assuming a maximum of N CCEs for DL and UL assignments and allowing full flexibility of the CCE starting positions.
Table 2. Example of maximum required blind decodings per PDCCH size
	Scheme
	Number of maximum blind decodings
	Fraction vs. Dynamic

	
	Equation
	5 MHz 
(N = 19)
	10 MHz
(N = 33)
	20 MHz
(N = 67)
	5 MHz
	10 MHz
	20 MHz

	Dynamic
	4(N + 1) - 15
	65
	121
	257
	-
	-
	-

	Hybrid (c)
	3(N + 1) - 7
	53
	95
	197
	82%
	79%
	77%

	Hybrid (a,b)
	2(N + 1) - 3
	37
	65
	133
	57%
	54%
	52%

	Semi‑static
	(N + 1) - 1
	19
	33
	67
	29%
	27%
	26%


It should be noted, that the number of CCE aggregation sizes a UE has to monitor within a subframe is only one out of multiple parameters defining the required maximum number of blind PDCCH decodings. The following other parameters also need to be considered:

· Number of PDCCH payload sizes (incl. UL/DL assignments, D-BCH assignments, RACH response assignments, paging assignments, combined TPC command, etc.) to be decoded by an UE within a sub‑frame [3]. 
· Restrictions on the CCE‑mapping of the different PDCCH payload sizes, e.g. certain PDCCH payload sizes may be mapped on certain CCE aggregation sizes.

· Restrictions on the CCE‑mapping of the different PDCCH CCE aggregation sizes
· Restriction of allowed sub‑frames for certain PDCCH payload sizes
In our view at least part of the parameters above should be used to reduce the maximum number of blind decodings.

The semi‑static and hybrid schemes require L3 reconfiguration of the CCE aggregation size (sets). The required frequency of the reconfiguration and, therefore, the L3 overhead depends on the UE speed and the deployment scenario. The semi‑static scheme requires the highest L3 overhead, followed by hybrid (a), hybrid (b) and hybrid (c).

Based on the analysis of the considered schemes, we believe that hybrid (b) provides the best trade-off between the number of required blind decodings, the intercell interference fluctuation and the L3 reconfiguration overhead. It should be noted, that in this study hybrid schemes with unequal set sizes (e.g. Set 1: 8, 4, 2 CCEs, Set 2: 2, 1 CCEs) have not been investigated. This seems worth considering if one assumes that the number of blind PDCCH decodings increases with a decreasing number of aggregated CCEs, i.e. unequal set sizes may yield a more balanced number of blind decodings between sets.

4 Conclusion

Among different possibilities to reduce the maximum number of required blind PDCCH decodings listed in this contribution, the restriction of the monitoring set of the CCE aggregation sizes is simple and efficient. In this contribution we compare the system level performance, the blind decoding complexity and the transmit power fluctuations due to power control for semi‑static, dynamic and hybrid semi-static/dynamic CCE aggregation. We observe no cell and cell‑edge throughput performance difference between the schemes and a marginal impact on intercell interference fluctuations. Therefore, mainly for UE complexity and L3 reconfiguration overhead reasons we propose a hybrid semi‑static/dynamic configuration of the CCE aggregation sizes for a given UE, i.e. a given UE only has to monitor a subset of all possible CCE aggregation sizes. An exception may be during the first steps of the initial access, where a predefined CCE aggregation size set should be used. 
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Annex A

Table A1. Simulation parameters
	Parameter
	Assumption/Value

	Cellular layout
	Hexagonal grid, 7cell sites, 3 cells per site, wrapped‑around

	Inter-site distance (ISD)
	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, 10, 20 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)

	UE deployment
	20 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
	46 dBm 

	BS antenna gain (incl. cable loss)
	14 dBi

	BS transmitter
	1 antenna

	UE speed 
	3, 30 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

	Link to system level interface
	EESM

	Traffic type
	Full buffer

	Scheduler
	Time and frequency selective Proportional Fair scheduler

Max one codeword per UE within a subframe (mapped across all allocated RBs)


Annex B
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Figure B1 – Fairness 
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Figure B2 – CDF of PDCCH power boosting/de‑boosting
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