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1 Introduction

At the RAN1 #58bis meeting, the conclusion for PCFICH includes that independent PCFICH value per CC is agreed, and it is FFS whether PCFICH issue for cross-carrier scheduling can be solved by implementation or standardised solutions [1].

In this paper, the PCFICH issue is simply restated, and several possible solutions are analyzed.
2 PCFICH identification and HARQ buffer corruption 
For cross-carrier scheduling, a PCFICH detection error on a CC where the UE’s PDCCH is not located can cause the UE to fail to detect the first OFDM symbol of PDSCH, as shown in Fig. 1. The transmission would not be decoded correctly, causing the UE to send a NACK and store the received values in the HARQ buffer. However, the received values are incorrectly placed within the HARQ buffer, and can not be combined with subsequent transmissions. The incorrectly placed received values would propagate errors through the subsequent HARQ combining, which is called HARQ buffer corruption. 
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Fig. 1. PCFICH issue for cross-CC PDCCH scheduling
An acceptable target for HARQ buffer corruption from PCFICH error can be determined based on the requirements for similar events in LTE Rel-8. 

· The desired probability of UL NACK->ACK is 1e-4 [2], which leads to a missing packet, similar to HARQ buffer corruption.

· The desired probability of DL_grant missing and DTX->ACK are both 1e-2 [3]. Together, these events lead to a missing packet, similar to HARQ buffer corruption.

· The requirement of service packet loss rate for some data services is rather strict, such as 1e-6 [5]. 
· The maximum acceptable probability of PDCCH false alarm is 5e-5 [4], and PDCCH false alarms lead to HARQ buffer corruption.

Therefore, for cross-carrier scheduling, the acceptable probability of PCFICH-alone erroneous detection, which would also lead to HARQ buffer corruption, needs to attain 1e-4 or even lower. Simulation results were shown in [6], which display that about 9% of UEs in the cell could not attain the PCFICH requirement of 1e-3. Furthermore, in [18] it was shown that the PCFICH error rate in low SNR cell-edge conditions can be as high as 4%.
3 Possible solutions

There are several ways to ease the problem brought forward by PCFICH erroneous detection. 

· The impact from PCFICH errors may be reduced by some implementation solutions. 
· One is to use power boosting for PCFICH [7][8], which could make sense for some extent, but it is not enough, especially for UEs in rather low SNR condition. There are also some further considerations below.
When the system is operated in a poor condition, a maximum of 6dB CRS-to-PDSCH power boosting has to be performed [16], and then reduced Tx power can be applied to the other resource elements (RE) on the 1st OFDM symbol in the control region [17]. As a result, there is perhaps not enough power to boost for PCFICH, considering the large CRS overhead, that is 4REs/RB when two or four antenna ports are used.
For the scenario of heterogeneous network, there would have some CCs with large interference on need of control channel interference coordination [9], so the performance of PCFICH on these CCs can not solved easily by power boosting due to the introduction of larger interference to other cells.
As stated in [10], the PDCCH REG interleaver cannot guarantee the REG apportionment that achieves equal power across symbols of control region especially under heavily loaded conditions, which requires the power boosting for PDCCH to avoid the throughput loss. Furthermore, to guarantee the PHICH performance [11], power borrowing by PHICH from PDCCH has to be done [12][13], which can further lead to the power limitation of control region. Therefore, power boosting to PCFICH cannot be always achieved, and the issue has to be solved by more reliable solutions. 
· Another solution is that cross-carrier PDCCH scheduling is not configured by eNB for UEs in rather low SNR condition [8][14]. However, this could introduce the scheduling restrictions, and furthermore for some specific scenarios, e.g. heterogeneous network, cross-carrier PDCCH scheduling may be essential for the UEs in the poor condition for PDCCH coverage.
It seems that using pure implementation solutions could not totally satisfy all scenarios. Therefore, some further solutions should be considered such as: 
· Restrictions to the configuration of the PCFICH values

· The PCFICH value of the CC containing the cross-carrier PDCCH is configured equally to that of CC containing the corresponding PDSCH. This would depart from the agreement of independent PCFICH value per CC.
· For UEs with cross-carrier scheduling, the PDSCH mapping is always started from the 4th symbol (5th symbol for bandwidth 1.4MHz) on the CC where UEs have not PDCCHs. However, this would bring forward the resource waste for 1~2 over 14 OFDM symbols, especially when the number of cross-scheduled UEs cannot be small in heterogeneous network. Furthermore, this would also introduce two different eNB procedures, which complicates the eNB implementation [8]. 
· The PCFICH value for the cross-carrier scheduling is conveyed in the cross-scheduled PDCCH.
· Explicit indication: Newly added bits or states from the existing bits in current PDCCH format could be used.
· Implicit indication such as CRC mask or scrambling [15]: This would induce the possible UE ID collision, and the decoding delay.
Considering marginal performance degradation for PDCCH detection, explicit indication by PCFICH error protection PDCCH is the most promising solution to solve the PCFICH issue [19][20].
4 Conclusion 
In this paper, the HARQ buffer corruption impact from the PCFICH erroneous detection for the scenario of cross-carrier scheduling is restated, and several possible solutions are analyzed. Using pure implementation solutions are not sufficient, and restrictions to the configuration of the PCFICH values would depart from the agreement of independent PCFICH value per CC. Then we propose that
Proposal: The PCFICH value for cross-carrier scheduling is conveyed in the cross-scheduled PDCCH explicitly, and the specific indication method is FFS.
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