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1 Introduction

In the RAN1#47 meeting, part of the basic downlink L1/L2 control channel design has been agreed as working assumption in [1]. One of the open issues is the signaling of the indication of the downlink L1/L2 control channel format.

This contribution analyzes dynamic vs. semi-static indication of the downlink L1/L2 control format. In case of dynamic indication, also referred to as Cat0, it is assumed that the format is transmitted each subframe as L1 signaling, whereas in case of semi‑static indication it is assumed that the format is configured by BCH. 

The analysis is based on results from downlink system level simulations as well as on considerations on system aspects and UE complexity.

2 System level performance

2.1 Simulation assumptions and methodology

In order to analyze the impact of dynamic Cat0 signaling, system level simulations for simulation case 3 (10 MHz) in [2] are carried out. Two different sets of DL L1/L2 control channel configurations, each supporting two L1/L2 control channel MCS levels are considered. The control channel configuration is modeled as follows:

· Semi-static format indication (w/o Cat0):

· The resources and power available for the L1/L2 control channels is fixed over a simulation run.

· Two cases are evaluated. Firstly, each UE monitors two MCS levels of the L1/L2 control channels and, secondly, each UE monitors only a single MCS level of L1/L2 control channels.

· Dynamic format indication (w/ Cat0):

· The maximum available resources and power available for the L1/L2 control channels is fixed over a simulation run, however, in each subframe the resources/power not used for the L1/L2 control channels is made available for data transmission.

· For each UE the L1/L2 control channel MCS is allocated dynamically per subframe.

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

Additional simulation parameters are provided in Table A1 in the Annex.

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 whole BW

	L1/L2 control channel payload size
	Downlink
	55 bit

	
	Uplink
	34 bit

	Maximum number of L1/L2 control channels
	16 (8 DL, 8 UL)

	Resource / power sharing between L1/L2 control channels
	Dynamic sharing between DL L1/L2 control channels, number of control channels with MCS1 and MCS2 adjusted dynamically according to allocated UEs,

no sharing between UL and DL L1/L2 control channels

	Coding
	Convolutional (incl. tail bits)

	MCS levels
	Set 1
	QPSK rates ~1/6 (164 REs) and ~1/3 (82 REs)

	
	Set 2
	QPSK rates ~1/4 (110 REs) and ~1/2 (55 REs)

	Reference signal overhead
	4 / 6 in the 1st OFDM symbol (400 REs for 10 MHz BW)
assuming reference signals for 4TX antennas

	Total L1/L2 control channel and reference signal overhead (maximum in case of dynamic Cat0)
	Set 1
	nMAX ( 1.6, 2.0, 2.4, 2.9 OFDM symbols

	
	Set 2
	nMAX ( 1.6, 1.9, 2.4, 3.0 OFDM symbols

	Cat0, DL ACK/NACK overhead
	Not modeled


2.2 Simulation results

Figure 1 and Figure 2 show the cell throughput and cell-edge user (5%‑tile) throughput as well as the gain with Cat0 vs. without Cat0. As shown in the previous section, nMAX represents the overall reference signal and L1/L2 control channel overhead in terms of OFDM symbols. Assuming that without Cat0 nMAX is selected appropriately (high cell throughput and cell-edge user throughput), i.e. 1.5 ( nMAX ( 2.5 in the selected simulation scenario, the gain with Cat0 vs. without Cat0 with each UE monitoring both MCS levels is less than 1% for both sets (cell and cell‑edge user throughput). The gain vs. without Cat0 with each UE monitoring a single MCS level is below 1% for cell throughput and below 2% for cell‑edge user throughput. For nMAX values larger than 2.5 the gain slightly increases for all cases. This indicates, that for an appropriate selection of nMAX there is no gain seen from Cat0, when considering that the additional overhead for Cat0 signaling is somewhere between 0.3 and 1% [3]

 REF _Ref158452726 \r \h 
[4] or even larger depending on the assumed number of Cat0 bits and the required coverage. 
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Figure 1 – Cell throughput 
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Figure 2 – Cell-edge user (5%‑tile) throughput 
3 System aspects and UE complexity

Besides the cell throughput and cell-edge user throughput, the impact of dynamic Cat0 signaling on system and UE complexity needs to be considered.

In the following  - for simplicity - we assume that a UE is configured semi‑statically for a given MIMO mode and resources between uplink and downlink L1/L2 control channels are not shared.

In the case of Cat0 signaling, the minimum information to be transmitted in each subframe would be the overall resources used for the L1/L2 control channels [3]. Alternatively, Cat0 may carry additional information, such as the MCS configuration of the L1/L2 control channels [4] in order to reduce the number of hypotheses for decoding the L1/L2 control channels. Then, with the minimum Cat0 information, the number of hypotheses is equal to the number of maximum uplink and downlink L1/L2 control channels times the number of MCS levels, which is 16 x 2 = 32 for the shown scenario. In case of informing the MCS configuration the number of hypotheses could be reduced to 16.

Taking the assumption, that without Cat0 signaling the BCH simply indicates the overall resources used for the L1/L2 control channels, the number of hypotheses is 32 in case of each UE monitoring two control channel MCS levels and 16 in case of each UE monitoring a single control channel MCS level.
The comparison above shows that the number of hypotheses in the worst case, which defines the UE complexity, is equal with Cat0 and without Cat0 signaling. 

In terms of power consumption, by the use of Cat0 signaling the UEs may benefit from testing less hypotheses in some subframes, since Cat0 may explicitly or implicitly indicate that less than the maximum number of L1/L2 control channels are transmitted. However, the reduced power consumption is expected to be small if nMAX is configured appropriately. Moreover, the usage of Cat0 requires a highly reliable transmission to at least all allocated UEs in a subframe, which puts an additional burden on the downlink overhead. In addition, Cat0 signaling increases the decoding delay of the L1/L2 control channels, which implies more data buffering and increased UE cost.
Further, we believe, that from a future system extension point of view, dynamic Cat0 is not desirable. Similarly to GSM and WCDMA, we expect LTE to be further enhanced in later releases. Then, future extensions may be introduced in which some of the physical resources are only received by UEs of later releases. Indicating such a resource utilization via dynamic Cat0 is not sensible considering the required overhead. We believe that it is important taking this aspect into account in the initial release of LTE, since otherwise future enhancements would become more complex. Past RAN1 and RAN2 experiences show that such a L1 broadcast signal like Cat0 is difficult to deal with for future extensions. In contrast the configuration of the L1/L2 control channel format by BCH allows a smooth future extension.
Considering additionally the increased system robustness in case of semi‑static L1/L2 control channel format indication by BCH with CRC protection and the better capability for including future functional extensions, we believe that from a system and UE complexity point of view dynamic Cat0 is not beneficial.

4 Conclusion

In this contribution we analyzed dynamic (Cat0) vs. semi‑static L1/L2 control channel format indication with a focus on cell throughput and cell‑edge user throughput, system aspects and UE complexity. We conclude the following:

· No net cell throughput and cell‑edge user throughput gain from dynamic Cat0 signaling

· No benefit in terms of UE complexity from dynamic Cat0 signaling

· Reduced system robustness and a more complicated future functional extension in case of dynamic Cat0 signaling

Therefore, we propose to configure the L1/L2 control channel format semi‑statically by BCH.
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Annex

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
	10 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 km/h

	UE receiver
	2 antennas

	UE antenna gain
	0 dBi

	UE noise figure
	9 dB

	CQI feedback delay
	2 subframes

	CQI subband size
	180 kHz (12 subcarriers)

	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)
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