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1 Introduction

At RAN1 #58bis has been decided that each component carrier has its own independent control region size [1]. A remaining question is how to handle PCFICH on a carrier that is cross-scheduled, i.e. if CIF is enabled. This paper discusses this issue and states our view on this. 
2 Discussion

2.1 PCFICH Error on Cross-Scheduled Component Carrier

In case a component carrier is cross-scheduled PDSCH for this component carrier is transmitted on another component carrier as PDCCH is. Receiving a cross-scheduled DL assignment correctly requires correct decoding of PCFICH and PDCCH on that component carrier that carries these two control channels. After decoding the CIF the UE obtains knowledge upon which component carrier that actual data are transmitted (target component carrier).

In case the target component carrier contains its own PCFICH and the UE decodes it wrongly the following error case occurs: The UE tries to decode the data symbols starting with the wrong OFDM symbol and thus fails and writes wrong soft data into its soft buffer. This error is likely to lead to an error that is unrecoverable via HARQ retransmissions but requires RLC re-transmissions.

Without cross-scheduling a similar error case – i.e. an error case that requires an RLC re-transmission – occurs if PCFICH and PDCCH are correctly decoded, followed by an erroneous PDSCH decoding, followed by a NACK(ACK miss-detection at the eNodeB. The overall likelihood of such an event is Prob(PCFICH+PDCCH =correct)·Prob(PDSCH=wrong)·Prob(NACK(ACK). The RAN4 requirements for an erroneous PCFICH+PDCCH detection are 1e-2, i.e. Prob(PCFICH+PDCCH =correct) = 0.99. A typical value for a successful PDSCH decoding is 0.9 (after the first transmission), i.e. Prob(PDSCH=wrong) = 0.1. RAN4 does not test NACK(ACK miss-detections but one can assume Prob(NACK(ACK)=1e-3 to 1e-4. The overall probability for an RLC retransmission is thus 1e-4 to 1e-5. 

With cross-scheduling an RLC re-transmission happens if PCFICH and PDCCH (on the carrier containing PDCCH) are decoded correctly followed by a wrong decoding of PCFICH on the target component carrier. The probability of this event is Prob(PCFICH+PDCCH =correct) ·Prob(PCFICH_target_carrier=wrong). Setting this probability to 1e-4 to 1e-5 (the same likelihood as for an RLC re-transmission without cross-scheduling) and using Prob(PCFICH+PDCCH =correct) from above we obtain Prob(PCFICH_target_carrier=wrong) = 1e-4 to 1e-5. This value is far below the typical PCFICH error rate (RAN4 does not specify a PCFICH error rate but the combined PCFICH+PDCCH error rate must be below 1e-2). 

2.2 Typical Use Cases for Carrier Aggregation

We foresee two main applications for carrier aggregation with cross scheduling: HetNets and Home eNB (in the sense of a network with few users but potentially large bandwidth). 

2.2.1 HetNets

An available bandwidth is split into two component carriers f1 and f2 where a macro cell is operating on f1, see Figure 1. An underlying pico cell operates on both f2 and f1 but uses f2 for its control signalling since this carrier does not experience interference from the macro cell. Carrier f1 can be cross scheduled from f2. Under some conditions f2 may be even available in the macro cell [2]. 
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	Figure 1: Frequency separation between different layers. On the left hand side only f1 is available in the macro cell whereas in the scenario depicted on the right hand side both f1 and f2 are available in the macro cell.


Component carrier f1 in the pico cell is heavily interfered but data transmission can rely on ICIC and re-transmissions. This is however not possible for L1/L2 control signalling. Error free reception of PCFICH transmitted on f1 in the pico cell is therefore challenging. In case cross-carrier scheduling is used the situation becomes even worse since here error-free reception of PCFICH is very important since wrongly decoded PCFICH most likely results in RLC re-transmissions. Solutions to this problem are either to re-use the control region size from f2 or to separately signal it on f2. Signalling the control region size can either be done dynamically via extra bits included in the PDCCH transmitted on f2 (in addition to CIF) or to semi-statically configure it. 

If carrier f1 in the pico cell is Rel-8 compatible (e.g. for Rel-8 terminals close to the pico cell centre) a control region is obviously needed on f1. Since f1 is heavily interfered from the macro cell the required control region length will be in many cases maximum, i.e. three OFDM symbols (four for 1.4 MHz transmission bandwidth) to obtain satisfactory control channel decoding performance. On component carrier f2 in the pico cell the interference situation is however completely different (no macro cell interference) and a shorter control region may suffice. Re-using the control region size from f2 on f1 (or alternatively forcing a large control region size onto f2 even if not needed) seems therefore undesirable. 

The signal quality and the available data rates on f1 in the pico cell are lower than on f2 due to high interference from the macro cell or shared resources with the macro cell, dynamic adaptation of the control region on component carrier f1 to maximize the data region does therefore not result in large overall gains which would justify the additional overhead of dynamic indication. 

Proposal 1: The start of the data region of cross-scheduled component carrier is semi-statically configured.
If f1 in the pico cell is not supposed to support Rel-8 UEs no control region would be needed at all on this carrier. However, depending on the size of the control region used in the macro cell on f1 the first one, two, or three OFDM symbols may be highly interfered. The length of the control region changes dynamically with scheduling in the macro cell. The start of the data region in the pico cell is semi-statically configured and changes are slow. To avoid a mismatch between control region size used in the macro cell and start of the date region in the pico cell it is recommended to use a conservative setting in the pico cell and let the data region start at the fourth OFDM symbol (fifth OFDM symbol for a transmission bandwidth of 1.4 MHz).
Turning our view to the macro cell we observe that the macro cell has to mute its first OFDM symbols on f2 if this carrier is used in the macro cell [2]. This is needed to protect L1/L2 control signalling of pico cells on f2. The number of OFDM symbols that needs to be muted on f2 in the macro cell depends on the control region of the underlying pico base stations. The muted time must be at least as long as the longest control region used by any underlying pico base station. If we assume that multiple pico base stations are within the coverage area of a macro cell it is rather likely that at least one of them uses a control region of three OFDM symbols. In most cases the macro cell has to mute the first three OFDM symbols and the data region starts at OFDM symbol four. 

To summarize, the data region on cross-scheduled component carriers starts typically at the fourth OFDM symbol (fifth for a transmission bandwidth of 1.4 MHz). 

Proposal 2: The start of the data region on a cross-scheduled component carrier can be set to the fourth (fifth for a transmission bandwidth of 1.4 MHz) OFDM symbol. 

Note that above proposal does not preclude a data region that starts earlier if in-band scheduling is used.
2.2.2 Home eNB

In a Home eNB setup only few users are connected. Here the control region on one component carrier is sufficient to fit control information for multiple component carriers. It is therefore sufficient to have on one component carrier a dynamic control region size whereas other component carriers use the minimum possible control region size, i.e. one OFDM symbol.

Proposal 3: The start of the data region on a cross-scheduled component carrier can be set to the second OFDM symbol.
Note: If extension carriers are introduced above proposal could be modified to let the data region already start at the first OFDM symbol.

3 Conclusions

In this contribution we discuss PCFICH for cross-scheduled component carriers. We propose

Proposal 1: The start of the data region on a cross-scheduled component carrier is semi-statically configured. 
Proposed values for this semi-static configuration are:
Proposal 2: The start of the data region on a cross-scheduled component carrier can be set to the fourth (fifth for a transmission bandwidth of 1.4 MHz) OFDM symbol.

Proposal 3: The start of the data region on a cross-scheduled component carrier can be set to the second OFDM symbol.
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