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1. Introduction
The way forward for the downlink control channel requirement scenarios was briefly discussed in RAN4#46 ‎[1]. In particular, it was agreed that the first simulation results for PDCCH/PCFICH should be presented in RAN4#46bis, based on the simulation assumptions given in ‎[2]. 
This contribution shows the agreed requirement scenario for PDCCH/PCFICH SIMO alignment simulations, based on the recent discussions on RAN4 reflector ‎[6]. The parameters are summarized in Annex A.
2. Open issues in the RAN1 specifications
This section briefly summarizes PDCCH/PCFICH design issues that are open in RAN1. Only aspects that could be relevant for the UE demodulation performance are mentioned.
a) DCI payload size
The current working assumptions are summarized in ‎[3], which shows that there are still quite a few open issues regarding to the design of the DCI content. In general, format 1 appears to be the most stable, while there are more open issues with the other three formats (0, 1A, 2).
b) CCE size
The current working assumption for the control channel element size is 36 resource elements (for 5 MHz system bandwidth). However, it is uncertain whether smaller/larger sizes will be needed for the other bandwidths.

c) CCE aggregation
The current status of the CCE aggregation is summarized in ‎[4]. It is FFS whether DCI formats 1 and 2 will support 8-CCE aggregation or not.
d) Blind decoding
The current status of the blind decoding restrictions is summarized in ‎[4]. So far it has been agreed to have 4 aggregation levels with aggregation of 1,2,4, and 8 CCEs. In addition, it has been agreed to divide the total search space into common and UE-specific search spaces, each having restrictions for the number of aggregation levels, decoding attempts, and available DCI formats. The starting point for the common search space is given by the specification, while the starting points of the UE specific search space are given by a hashing function (the starting point of each aggregation level may be different). However, in case the false detection errors are not taken into account in the tests this issue is not relevant from the requirement scenarios point of view.
There are no open issues in the PCFICH specifications.
3. Detailed assumptions for the 1-antenna test case
This section provides detailed assumptions for the 1-antenna PDCCH/PCFICH requirement scenario.
a) General assumptions
It is proposed that the requirement scenario defined in the framework document ‎[5] is used as a starting point for the design of the one TX antenna case: 

	Test Number
	Case# from ‎[5]
	Configuration
	Channel BW
	RB allocation
	Modulation
	Coding rate
	Channel model
	Correlation

	46.6
	28
	PDCCH /PCFICH
	10 MHz
	-
	QPSK
	Format 1
	ETU70
	Low


Some common assumptions are listed in the following:
· Practical and realisable channel and noise estimation realisation with no a-priori knowledge of CSI
· LTE channel codec assumptions (tail biting convolutional code with constraint length 7) 
· AWGN results with no interference

· Tx EVM of 6% to be included in simulations

· A minimum of 1000 frames (10,000 sub-frames)
b) Frame setup
· Number of allocated subframes per radio frame = 10

· Normal cyclic prefix
c) Impact of the blind decoding
According to ‎[4], UE performs blind decoding of all PDCCH payloads possible for the given aggregation level and search space (about 40 decoding attempts in total). The decoding error events can be divided into two categories, which are the false detection of DL/UL grant and the miss of DL/UL grant.
The false detection of a DL grant occurs when a UE incorrectly passes CRC check of a downlink control channel candidate that is not targeted to it. The false detection is a harmful event as it causes unintended NAK to be transmitted in the uplink direction, possibly colliding with the ACK/NAK of the actually scheduled UE. Another consequence is that meaningless data is stored in the downlink HARQ buffer, hence potentially implying decoding errors in the subsequent PDSCH transmissions. 
The miss detection of a DL grant occurs when the CRC checks for all candidate control channels have been failed for a scheduled UE. 

The probability of a miss detection should be kept low enough (<1e-2) in order to avoid a decrease in the system throughput.

The probability of false detection is proportional to the number of blind decoding attempts and the CRC size. Assuming a 16 bit CRC and a maximum of 40 blind decoding attempts, the probability of a false decoding is less than 40*2^-16 = 6e-4. Compared to the target probability of miss detection (1e-2), the probability of false detection is relatively low and its impact on the PDCCH BLER can be hence probably neglected in the simulations. 
It is therefore tentatively proposed that

· No blind decoding of the control channel candidates is assumed in the simulations
The validity of this assumption should be verified by comparing the PDCCH performance with and without false decoding errors.

d) Performance metric
It is proposed that 

· The PDCCH/PCFICH performance is given in terms of the SNR required for PDCCH BLER = 1%

· The PDCCH BLER is defined as the miss detection rate of the (DL) scheduling grant 

· A miss detection occurs when the CRC check of the intended control channel has failed 

It should be noted that, in a practical test setup, the miss detection rate can be estimated from the uplink ACK/NAKs, i.e. no test specific loop is needed.

Also note that for the alignment purposes, a full BLER curve as a function of SNR should be given.

e) Impact of the PCFICH
It is proposed that 
· The PCFICH decoding errors are implicitly taken into account in the simulations, i.e. a false decoding of PCFICH leads to a false decoding of PDCCH

· The power of PCFICH is set equal to the power of PDCCH

It should be noted that the block coding of PCFICH is more robust than the most strongly coded PDCCH format. Given equal power between PDCCH and PCFICH, the impact of PCFICH on the PDCCH BLER should be hence relatively low (depending on the aggregation level of the PDCCH).
f) Impact of the PHICH
A part of the downlink resource element groups is reserved for the PHICH. As a consequence, the PHICH configuration influences how the PDCCH resource elements are mapped in the frequency/time domain. 
For simulation purposes, it is proposed to assume
· 1 PHICH group
· Normal PHICH duration (1 OFDM symbol)

g) Payload

According to ‎[3], the size of the Format 1 payload (including CRC) is 48 bits for the 10 MHz system bandwidth. However, according to a recent agreement in RAN1, the distributed transmission flag (1 bit) will not be included in Format 1, hence implying a payload of 47 bits (including CRC).
The current RAN1 assumption for the CCE size is 36 resource elements. 
An aggregation level of 8 CCEs would be probably the most attractive choice as it corresponds to a cell edge situation where good performance is especially important. Another benefit of the 8 CCE scenario is that the PCFICH performance would be maximally reflected in the setup. However, it is still uncertain in RAN1 whether 8 CCE can be used with Format 1 or not.
It is hence proposed to assume
· An aggregation level of [8 CCE] (keeping in mind that the assumptions may need to be updated according to the RAN1 decisions).
· A CCE size of 36 RE
· A DCI payload of 31 bits, assuming
· Payload fields according to ‎[3] (no distributed transmission flag)
· 17 bits for the resource block assignment (10 MHz system bandwidth)

· A CRC/RNTI of 16 bits

· QPSK modulation (2 bits per symbol)
The resulting code rate is (31+16)/(2*8*36) = 0.08
h) Number of control symbols
The number of control OFDM symbols is given in the PCFICH payload and can be 1-3. For PDCCH testing purposes, it is proposed to assume
· 2 OFDM symbols
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Annex A. Parameters for the proposed PDCCH/PCFICH SIMO scenario

	Parameter
	Value

	Number of allocated subframes per radio frame
	10

	Cyclic prefix
	Normal

	Performance metric
	SNR @ PDCCH BLER = 1%

	False detection errors
	Not taken into account in the simulations

	PCFICH
	False decoding of the PCFICH leads to a false decoding of the PDCCH

	PCFICH/PDCCH power difference
	0 dB

	Channel bandwidth
	10 MHz

	Number of TX antennas
	1 antenna

	Antenna correlation
	Low

	Channel model
	ETU70

	Aggregation level
	[8 CCE]

	CCE size
	36 RE

	DCI format
	Format 1 (31 bits without CRC/RNTI)

	CRC length
	16 bits

	Number of control symbols
	2 OFDM symbols


