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1
Introduction
This document discusses the cost to transmit a PDCCH for different formats (30, 40 and 60-bits payload) for different number of CCE concatenations and for different power boosting schemes.
The PDCCH does not support retransmissions but supports power control and concatenation of {1, 2, 4, 8} CCEs to keep a given reliability target in a variety of scenarios. We assume a PDCCH  BLER performance target of around 1%, although other operating points may be considered. 

Some PDCCH transmissions will not benefit from the CQI feedback from the recipient UE(s). Therefore, it has to be broadcast over the entire cell (i.e., it has to be reliable at Es/Nt ~ -6dB). This is the case for the transmission of
· Paging indicators

· PDCCH to decode message 2 of the RACH preamble to acknowledge successful reception of the RACH preamble and to provide the UL assignment
The cost associated with the broadcasting of these PDCCH instances will be unveiled after reviewing the simulations in this contribution. 

In addition, multi-user PDCCHs, e.g. PDCCH format with the TPC commands for PUCCH and persistently assigned PUSCH, will require to target the worst UE being addressed in that transmission. 

2
Simulation Assumptions
This section provides the simulations assumptions:
· System BW: 5 MHz
· Antenna configuration: 1x2 SIMO and 2x2 TxDiv (SFBC)

· Payload size: {30, 40, 60} information bits (including 16-bit CRC)
· PDCCH Power boosting: {0, 3, 4.8, 6} dB

· For SIMO, 0dB corresponds to the same power as RS

· UE channel estimation: Block robust MMSE channel estimation with block processing of  1ms
· UE speed: 3 km/h 
· Channel: TU

· Channel coding: Tail Biting Convolutional Coding K=7, as defined in [2]
· Frame structure: Type 1

· Modulation: QPSK
· PDCCH tone mapping: symbol level frequency hopping over three OFDM symbols
· To mimic the distributed RE mapping described in [1]

· CCE: 36 RE’s 

· We consider concatenation of {1, 2, 4, 8} CCEs

· Code rates for payload size of 40-bits
	Number of PDCCH REs
	Code Rate

	36
	5/9

	72
	5/18

	144
	5/36

	288
	5/72


3
Simulation Results
Figures 1-3 show the PDCCH BLER for 30, 40 and 60-bits, respectively and with no power boosting. 
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Figure 1. PDCCH Link Performance for 30-bit payload and no power boosting
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Figure 2. PDCCH Link Performance for 40-bit payload and no power boosting
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Figure 3. PDCCH Link Performance for 60-bit payload and no power boosting
Figures 4-5, show the improvement on PDCCH performance from boosting the PDCCH power.  
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Figure 4. PDCCH Link Performance for 40-bit payload with power boosting
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Figure 5. PDCCH Link Performance for 60-bit payload with power boosting
As discussed in the Introduction section, it is important to note that the use of PDCCH includes the signalling of individual

· DL scheduling information
· UL scheduling information 

which for non-delay sensitive applications can rely on scheduling users on subframes experiencing better channel conditions.

In addition to the signalling of unscheduled and non-power controlled

· Paging indicators

· PDCCH to decode message 2 of the RACH preamble to acknowledge successful reception of the RACH preamble and to provide the UL assignment

and groups of TPC commands to power control PUCCH and persistently assigned PUSCHs. 

Table 1 shows the number of REs available for transmission of PDCCH for a 5MHz configuration (300 useful REs per OFDM symbol) assuming 2 Tx antennas and 8 PHICHs (multiplexed in 24 REs). The table shows the number of available REs assuming 1, 2, 3 or 4 OFDM symbols per subframe to be available for control transmission (this is the parameter “n” in the table). We also show the corresponding number of CCEs assuming a size of 36 REs. 

Table 1. Overhead analysis
	 
	n=1
	n=2
	n=3
	n=4

	# Avail RE's for PDCCH
	160
	460
	760
	1060

	# CCE's
	4.44
	12.78
	21.11
	29.44


If we focus on the current upper limit for the control span, i.e., “n=3” then we see that 760 REs are available for the transmission of PDCCHs. Table 2 shows different examples for the partitioning of these PHY resources. 
Table 2. CCE concatenation examples for n=3
	36
	72
	144
	288

	21
	0
	0
	0

	11
	5
	0
	0

	1
	10
	0
	0

	1
	8
	1
	0

	1
	2
	4
	0

	1
	6
	0
	1

	1
	4
	1
	1

	1
	0
	3
	1

	1
	0
	1
	2


If we want to reach the cell edge (e.g. PICH transmissions or RACH message 2 transmissions) one will probably be using the 288-REs transmission for that PDCCH, in which case, there would be space for 6 PDCCH transmissions of length 72 REs. From Figure 2 and assuming SIMO transmission, for a PDCCH payload size of 40-bits, the 1% BLER is achieved at geometries of 0.5dB or larger. This is the reliable geometry for the DL assignments, the UL assignments and other PDCCHs for example carrying TPC commands conveying 40-bits of information and being transmitted over 72 REs (with no power boosting). 

It is easy to foresee control channel limited scenarios where the capacity of the system will be limited because of the incapability to transmit sufficient number of PDCCHs. This could be the case in subframes where PDCCHs carrying paging indicators, RACH message 2 and/or grouped TPC commands are transmitted. 

Table 3 shows different examples for the partitioning of PHY resources for the case where “n=4” could be used for the control transmission.  
Table 4. CCE concatenation examples for n=4
	36
	72
	144
	288

	29
	0
	0
	0

	11
	9
	0
	0

	1
	14
	0
	0

	1
	12
	1
	0

	1
	2
	6
	0

	1
	10
	0
	1

	1
	4
	3
	1

	1
	0
	5
	1

	1
	0
	1
	3


Allowing for one more OFDM symbol for the transmission of PDCCH, 300 extra REs will become available (as there is no overhead on the 4th OFDM symbol in the subframe for FS1 of FS2). For this case, the extra resources could be used for one more 288-RE PDCCH, or two 144-RE PDCCH, or four 72-RE PDCCH increasing the number of PDCCHs that can be sent on a given subframe. 

If the extra control resources are not needed, the PCFICH can be set to a lower value. 
4
Conclusions

Based on the analyses presented in this document, the following is proposed:
·  Increase the maximum control channel time-span from 3 OFDM symbols per subframe to 4 OFDM symbols per subframe
· This does not increase the control channel overhead and does not require changes to the coding of PCFICH as 4 codewords are already defined in [2] (one is reserved)

· The control overhead is not increased because the extra resources will be used only when necessary. Rather, the flexibility to use the 4th OFDM symbol will reduce the possibility to operate in a “control channel limited” mode. 

· The time-span of control resources on subframes containing PBCH (subframe 0 in FS1 and every other subframe 0 in FS2) is such that the resource mapping for PBCH does not need to be modified

· For system bandwidths with 6 RBs, effectively means that the max time-span for control in subframe 0 carrying PBCH is 3 OFDM symbols 
· For larger system bandwidths, either we also limit the control channel time-span to 3 OFDM symbols or we have a PDCCH mapping around the middle 6 RBs for the 4th OFDM symbol 
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