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1 Introduction

This contribution considers the necessity for an enhanced PCFICH (E-PCFICH) as it relates to the tradeoff between the adaptation of the resources allocated to enhanced CCHs per subframe, the additional resources required to transmit E-PCFICH, and the associated specification/implementation complexity.  

2 Overview of Legacy PCFICH
The legacy PCFICH scales between 1 and 3 the number of OFDM symbols for the DL control region. The network is also provided the capability to semi-statically configure the DL control region size either by setting the PHICH duration to 3 OFDM symbols or, in case of CA, by configuring the DL control region size a UE may assume in a SCell for receiving PDSCH. 

Overhead minimization is obviously most meaningful for a fully loaded system. To avoid scheduler restrictions, the network would need to configure the maximum DL control region size of 3 OFDM symbols. However, for realistic non full buffer traffic, or when targeting optimization of particular metrics (such as throughput maximization, interference minimization, or latency minimization, etc.), or for providing high data rates, and so on, the required DL control region size may vary. When it needs to be 2 OFDM symbols or 1 OFDM symbol, the respective resource waste when 3 OFDM symbols are configured is 7.15% or 14.5% of the total DL subframe resources. This waste is obviously unacceptable and excessive and is avoided in a direct and simple manner through the use of PCFICH which only requires an overhead of 0.1% of the total DL subframe resources (at 20 MHz, the overhead scales inversely with the system BW and remains below 0.5% for the cases of interest).  

Observation 1: The legacy design for DL control signaling provides a spectrally efficient and robust solution and is one of the main advantages of LTE.
3 Necessity for an Enhanced PCFICH
One of the requirements for the use of enhanced CCHs is that the associated operation be more spectrally efficient than the one with legacy CCHs. However, this is highly challenging. Distributed E-PDCCHs have considerably worse nominal performance (and therefore spectral efficiency) than legacy PDDCHs and are more susceptible to interference variations. Although it is theoretically assumed that localized E-PDCCHs exploiting FDS or precoding will help towards improving spectral efficiency, this is also highly challenging in practice at least due to the following reasons:
· CSI feedback is in RBGs and tailored to PDSCH transmissions. For frequency selective channels, CSI over an RBG may have very little correlation with CSI over a single PRB (especially for the larger system BWs). For frequency non-selective channels, the benefits of localized transmission may not even exist.
· CSI feedback mode is associated with PDSCH TM and may not be appropriate for localized E-PDCCH transmissions. 
· CSI indicated for sub-bands including the PRBs configured for the search space of localized E-PDCCHs may not be favorable. 
· CSI feedback may not be available or reliable for scheduling localized E-PDCCHs, especially for low SINR UEs for which spectrally efficient E-PDCCH transmissions are most important. 
· CSI feedback may not exist from UEs with UL dominant traffic.
· Reliance on CSI feedback for non-stationary UEs, such as for example ones served by macro-nodes, is not warranted in practice due to the inability for refined Doppler estimation. 
· Localized E-PDCCHs may frequently lead to worse spectral efficiency than distributed E-PDCCHs even under ideal conditions if a large fraction of a PRB remains unutilized or if a localized E-PDCCH is forced in a non-optimal PRB in order to avoid resource fragmentation. 
· Practical considerations, such as robustness to interference variations (especially since a localized E-PDCCH transmission is contained in only 1 PRB pair), impact of CSI that is quantized, delayed, and with estimation errors designed for PDSCH under higher BLER targets and HARQ operation, operation in large cells, and so on may further limit the use and benefits of localized E-PDCCHs in actual deployments.
Therefore, deployment of enhanced CCHs while achieving better spectral efficiency than legacy PDCCHs is difficult in practice and it is highly critical to optimize/improve distributed E-PDCCH performance. Coupled with the existence of a PCFICH for legacy operation, an absence of an E-PCFICH for operation with E-PDCCHs will practically outright ensure that deployment of the latter significantly fails to meet the above objective. In the following, the overhead reduction gains offered by an E-PCFICH are evaluated assuming distributed E-PDCCH transmissions. 

3.1 Overhead Reduction from E-PCFICH
Many aspects for the design of E-PDCCHs, such as their structure and search space design are not yet determined. However, for distributed E-PDCCHs it is reasonable to consider that the legacy PDCCH design is largely re-used with an E-PDCCH consisting of E-CCEs and with each E-CCE consisting of 36 REs (only for the analysis purposes in this contribution). For a same granularity of possible used resources, it is obvious that the overhead reduction achievable by an E-PCFICH is practically the same as the one achievable by a PCFICH. Nevertheless, in the following this overhead reduction is shown for E-PDCCHs using an evaluation effectively assuming PDCCHs.
Assuming a legacy DL control region of 1 OFDM symbol (e.g. as in ABS or for providing CSS), 2 CRS ports, and 2 DMRS ports, there are 132 REs/PRB for E-PDCCHs (excluding occasional presence of CSI-RS). Table 1 summarizes the number of E-CCEs per 4, 6, 8, and 10 PRB pairs. 
Table 1: Number of E-CCEs for a Respective Number of PRB pairs
	PRB Pairs
	Number of E-CCEs

	4
	14

	6
	22

	8
	29

	10
	36


The maximum number of REs allocated to DL control signalling is 1720 (400 for legacy CCHs and 1320 for enhanced CCHs) which is slightly larger than the maximum number of REs for legacy CCHs (1600 REs in 3 OFDM symbols). The small difference is justifiable when also considering the occasional presence of CSI-RS or the increased likelihood for higher E-CCE aggregation levels if the E-PDCCH BLER remains considerably worse than the PDCCH one. The minimum number of REs allocated to enhanced CCHs is also comparable with the one allocated to legacy CCHs in one OFDM symbol. 

Similar to the PCFICH being transmitted in the minimum, always available, number of legacy CCHs resources (first OFDM symbol), the E-PCFICH is transmitted in the minimum, always available, number of PRB pairs for distributed E-PDCCHs as this is configured by the network. Also similar to the PCFICH indicating whether the total resources for legacy CCHs are over 1, 2, or 3 OFDM symbols, the E-PCFICH indicates whether the total resources for enhanced CCHs are over one of three (or four) possible configured sets of PRB pairs. As for the PCFICH, the E-PCFICH conveys 2 bits and the same coding and transmission method can apply. 

The simulations are essentially for legacy PDCCHs with the results adapted to E-PDCCHs for the configured PRB pairs in Table 1. The E-PDCCHs are abstracted to legacy PDCCHs (QPSK modulation, 1/2/4/8 CCE aggregation levels, PDCCH BLER curves). DCI format 0 is assumed for PUSCH transmissions (43 bits) and either DCI format 1A (43 bits) or DCI format 2 (59 bits) depending on the UE SINR (switching point being the 0 dB SINR) is assumed for PDSCH transmissions. Resources for E-PHICHs are not considered but they should not have a material impact on the analysis and the conclusions. Additional simulation assumptions are included in Table A1 in the Appendix.
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Figure 1: CDF of total number of E-CCEs
To keep the comparison the same with the legacy PCFICH, it is assumed that E-PCFICH indicates 3 values, 6, 8, or 10 PRBs for the E-PDCCH size. Then, assuming that in order to avoid strong scheduling restrictions a semi-static setting for the number of PRB-pairs is 10, the gain from using an E-PCFICH capable of indicating per subframe that 6, 8, or 10 PRB pairs are used is about 2 PRBs or 5% of the total DL resources. The additional overhead for transmitting the E-PCFICH will be similar to the one for transmitting the PCFICH. At 10 MHz this is only 0.2% which is practically negligible. Therefore, similar to the legacy PCFICH, an E-PCFICH can provide significant overhead reductions which directly translate to at least as much gain in DL throughput and data rates. 
The CDF for the E-PDCCH size in Figure 1 should be viewed as one corresponding to the smallest possible variations of the total E-PDCCH size per subframe as a basic PF scheduler was assumed. All UEs were effectively assigned the same TM and were assumed to be equivalent (same service type and data rates), applicability of MU-MIMO was not considered, and full-buffer traffic was assumed. In practice, the number of scheduled UEs per subframe can experience much higher variations that are not simple to capture by simulations. For example, much larger variations in the total PDDCH size per subframe were shown in [1] when 25% of UEs had traffic types requiring 3x the data rate (biased scheduling) than the remaining 75% of UEs compared to when all UEs had the same traffic type. 
Additionally, similar to the PCFICH and for a similar/same search space design for distributed E-PDCCHs as for legacy PDCCHs, the use of an E-PCFICH may also reduce the PUCCH overhead required for HARQ-ACK transmissions in response to E-PDCCH detections (at least if an implicit component based on the first E-CCE of a respective E-PDCCH is among the parameters used to derive the HARQ-ACK resource) [2].
Finally, the specification and design of an E-PCFICH may immediately derive from the one for the PCFICH but minor modifications may also be considered (e.g. the E-PCFICH may be transmitted across the subframe instead of only being transmitted in the first OFDM symbol of the minimum set of PRBs configured for E-PDCCHs). Alternatively, the E-PCFICH design may derive from an E-PHICH design while keeping legacy aspects such as the coding method.
Observation 2: An E-PCFICH can provide substantial DL throughput gains in a most direct manner by adjusting the allocated E-PDCCH resources. An E-PCFICH may also reduce associated PUCCH overhead. The E-PCFICH design may substantially derive from the PCFICH design.
4 Conclusions

This contribution considered the tradeoffs and benefits from supporting an E-PCFICH to adjust the resources allocated to distributed E-PDCCH transmissions.   

Proposal: E-PCFICH shall be supported to indicate the PRBs used for distributed E-PDCCHs in a subframe.
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Appendix
Table A1: Additional Simulation Parameters

	Deployment scenario 
	3GPP Case1

	Duplex/Bandwidth
	FDD/10MHz

	Channel Model
	SCM, 3km/h

	DL and UL Antenna Configuration
	2x2 and 1x2

	Transmission Modes
	SU-MIMO and TxD in DL, SIMO in UL

	Number of Active UEs
	30

	Data BLER
	10%

	Scheduler
	PF

	Traffic Model
	Full buffer

	Channel Estimation
	Realistic

	CSI Estimation
	Realistic
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