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1 Introduction

The issue of reliable PCFICH detection for a UE with cross-carrier scheduled PDSCH transmissions (i.e. to limit the probability of HARQ buffer corruption due to erroneous PCFICH detection in the cross-scheduled CC to a level comparable to the NACK-to-ACK error probability) has been previously discussed (e.g. [1, 2]) and it has been agreed that it should be addressed through specifications although an implementation based solution is adequate in most cases. 
This contribution examines the cases of PCFICH errors and the usefulness of cross-scheduling PDSCH reception in the potential PDCCH region of that CC, and suggests a specification-based solution that effectively addresses the issue of PCFICH detection with minimal/no impact on system performance and with minimal specification effort and testing.
2 Impact of PCFICH Errors with Cross-Carrier Scheduling
2.1 Homogeneous Networks
The PCFICH BLER was extensively evaluated during the Rel-8 WI phase (for conventional homogeneous networks) and the design ensured BLER at or below 1% for geometries near the 5% CDF point, especially for medium/large system BWs and with Node B transmitter antenna diversity (TxD). In all other cases (small system BWs, absence of Node B TxD), the need for power boosting the PCFICH was understood to be modest and easily achievable since:

a) The number of PCFICH resources is small (only 16 REs).

b) The likelihood for a need of PCFICH power boosting is small (only when UEs with SINR at or below the 5% CDF geometry point are scheduled). 
A PCFICH BLER of 1e-3 can be achieved with power boosting of about 3 dB for SINRs at the 5% CDF geometry point for low system BWs without Node B TxD (up to 4 dB boosting for the PCFICH is possible). However, PCFICH detection is unlikely to be an issue in such operating conditions because:

a) PDCCH transmission is generally inefficient in small BWs without Node B TxD and there are very few CCEs per OFDM symbol. As a result, it is unlikely to operate the PDCCH with fewer than 3-4 OFDM symbols, especially without TxD.

b) PHICH reception in small BWs without TxD is not reliable and a respective NACK-to-ACK BER below 1e-3 cannot be achieved without significant power boosting [3, 4] which cannot be provided by transmitting the PHICH only in the first OFDM symbol (especially considering the need for RS/PCFICH boosting and the scarcity of available REs for small BWs). Extending the PHICH duration to 3 or 4 OFDM symbols (depending on the BW) makes PCFICH detection unnecessary.
Therefore, for homogeneous networks, PCFICH detection with cross-carrier scheduling is not an issue. Nevertheless, considering that a specifications-based solution will anyway apply for heterogeneous networks, that solution can be agnostic of the network type. 

2.2 Heterogeneous Networks
Substantially lower geometries can occur in heterogeneous networks compared to homogeneous ones, especially for the PDCCH transmission which cannot be protected through ICIC, and power boosting the PCFICH is unlikely to meaningfully improve its BLER. 
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Figure 1: Cross-Carrier Scheduling in a Heterogeneous Network.
Figure 1 depicts a typical operation in a heterogeneous network where a pico-cell is within the coverage range of a macro-cell. This operating scenario was the primary motivation for the support of cross-carrier scheduling as the inability of ICIC on the PDCCH could not ensure the required reliability for its reception, particularly for the PDCCH transmitted by the Pico Node B (PNB). Then, for example, the Macro Node B (MNB) transmits PDCCH in DL CC1 and also performs cross-scheduling of a Macro UE (MUE) in DL CC2 (and in the UL CC(s) linked to DL CC2). The reverse occurs for the PNB which transmits PDCCH in DL CC2 and also performs cross-scheduling of a Pico UE (PUE) in DL CC1 (and in the UL CC(s) linked to DL CC1). Reliable PCFICH detection with cross-carrier scheduling becomes an issue when a PNB transmits PDCCH in DL CC1 or when the MNB transmits PDCCH in DL CC2. 
Case 1: Cross-scheduling in DL CC1 from PNB 

If a PUE is cross-scheduled in DL CC1 and the PNB transmits (reduced power) PDCCH in DL1, the PUE may not reliably read the PCFICH from the PNB. However, consistent reliable PDCCH reception may not be possible for any PUE (even for ones with high average SINR). The reason is that no scheduling co-ordination is assumed between the MNB and the PNB. The MNB may be transmitting PDCCH to an MUE in the vicinity of the pico-cell (e.g. the pico-cell is located between the MNB and the MUE). Then, even though a PUE may have good average geometry in DL CC1, there is no predictability for it to be able to read the PCFICH as this is affected by the PDCCH transmission from the MNB per sub-frame (which the PNB does not know).
Furthermore, even if a PUE can be dynamically informed of the PCFICH value from the PNB in DL CC1 and start PDSCH reception possibly at a symbol before the 4th one (assuming a maximum PDCCH size of 3 symbols), this will actually be detrimental, on average, as the PDSCH transmission prior to the 4th OFDM symbol may be corrupted by the PDCCH from the MNB since ICIC on the PDCCH is not possible (a synchronous system is assumed). 

Therefore, having a variable size for the PDCCH transmitted by the PNB in the DL CC where a MNB transmits PDCCH with full power may not be practically possible and cross-scheduling PDSCH reception for a PUE in the PDCCH region of the MNB is detrimental!
While it is up to the PNB implementation to have a variable or maximum PDCCH size in DL CC1, for a PUE cross-scheduled in DL CC1 there is no benefit to assume a variable PDCCH size.
Proposal 1: The PNB may inform, through higher layer signaling, a PUE whether to attempt PCFICH decoding or whether to assume a specific PDCCH size in a cross-scheduled DL CC.    

Case 2: Cross-scheduling in DL CC2 from MNB 

If an MUE is scheduled in DL CC2 and the MNB transmits (with reduced power) PDCCH in DL2, assuming that the network topology allows such operation, the MUEs scheduled by the PDCCH in DL2 will effectively be “cell-edge” ones as far as the PDCCH transmission in DL CC2 is concerned (even though these UEs are actually “cell-interior” ones). Therefore, the PDCCH in DL CC2 from the MNB will be scheduling “cell-edge” UEs in every sub-frame (and without being able to boost the RS or the PCFICH/PHICH in most cases). Even if very few UEs are scheduled in a given sub-frame, unless this restriction is applied to all sub-frames, it may not be able to reliably convey the PHICH (transmitted with reduced power) only in the first OFDM symbol (in case multiple UEs are scheduled PUSCH transmission in a previous sub-frame). 
Therefore, as for Case 1, it is of little/no benefit to have a variable size for the PDCCH transmitted by the MNB with reduced power and this has even smaller benefit for a cross-scheduled MUE. 

As for Case 1, while it is up to the MNB implementation to have a variable or maximum PDCCH size in DL CC2, for an MUE cross-scheduled in DL CC2 there is no benefit to assume a variable PDCCH size.

Proposal 2: The MNB may inform, through higher layer signaling, a MUE whether to attempt PCFICH decoding or whether to assume a specific PDCCH size in a cross-scheduled DL CC.    

Note that “Proposal 1” and “Proposal 2” are effectively the same and can be combined as:
Proposal: The Node B may inform, through higher layer signaling, a UE whether to attempt PCFICH decoding or whether to assume a specific PDCCH size in a cross-scheduled DL CC.    

3 Conclusions

This contribution considered the issue of PCFICH detection error in case of cross-carrier scheduling for DL CCs. A specification-based solution provides some marginal benefits over an implementation-based one and a solution with minimal testing/complexity that requires no additional L1 signaling/specifications is adequate for the cases of interest. Regardless of the network type (homogeneous or heterogeneous network) it is proposed that:

The Node B may inform, through higher layer signaling, a UE whether to attempt PCFICH decoding or whether to assume a specific PDCCH size in a cross-scheduled DL CC.
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