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1 Introduction

At the RAN1#58bis meeting, it was agreed that there is an independent control region size per CC [1]. After the RAN1#59bis meeting, the question of how cross-carrier control region is indicated in case of cross-carrier resource assignments by a specification-based solution was left for further study [2]. The aim after RAN1#60bis meeting is to decide between RRC signaling and dynamic signaling [3]. This contribution discusses this issue and presents our proposal to solve the cross-carrier control region indication problem. In particular, we propose a combined explicit signaling with CIF + CFI joint coding and implicit signaling approach to dynamically indicate the cross-carrier control region by exploiting the benefits of both signaling methods while complementing each other in adverse scenarios.

2 Discussion of existing cross-carrier control region indication methods
In case of DL cross-carrier scheduling, it has been demonstrated probabilistically that PCFICH reception on the carrier on which PDSCH is assigned may be severely unreliable [4]
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[5]. We note that these calculations are based only on homogeneous networks. In heterogeneous networks, the situation would be even worse. Many specification-based solutions to this problem have been proposed, which have now been narrowed down to two signaling-based methods, namely RRC signaling and dynamic signaling. 
Signaling-based methods attempt to solve the problem by using various signaling on lower to higher layers, including: semi-static configuration [4], explicit indication in DCI formats [6][7] and implicit indication using a CFI based CRC mask [8]. 
While semi-static configuration makes sense in heterogeneous networks, it should be noted that besides heterogeneous networks and Home eNB, cross-carrier scheduling can also be utilized in homogeneous networks like small bandwidth aggregation and separate bands aggregation scenarios. It would be too much restriction and resource waste for all UEs including non-cross-carrier scheduling UEs to have limited choices of control region size due to even a small number of cross-carrier scheduling UEs configured to use a particular control region size. Furthermore, when the number of cross scheduled CCs increases, the choices of control region size of more and more CCs become restricted instead of dynamically based on the conditions of the non-cross-carrier scheduling UEs, which is also not acceptable. 
The method of explicit indication in DCI formats would allow dynamic changes of the PDSCH starting position on a cross-CC scheduled CC. The cost is additional 2 or 1 or 0 bits in the DCI with CIF depending if and which flavor of CIF + CFI joint coding is selected. Explicit indication without CIF + CFI joint coding has the same restriction and resource waste problem as semi-static configuration, because for the sake of blind decoding efficiency, all DCI formats might have to add additional bits just in case some cross-carrier scheduling UEs need to be informed about the size of the control region using these bits. Explicit indication with CIF + CFI joint coding does not support the scenario when a larger number of CCs is configured. Additional RRC signaling is needed to make up for this drawback, which however induce some inflexibility.
The major drawback associated with the implicit indication method using a CFI based CRC mask [8] is that this method would cause decrease in UE-ID space compared to Rel-8. 
In this contribution, we propose a combined explicit signaling with CIF + CFI joint coding and implicit signaling approach to dynamically indicate the cross-carrier control region by exploiting the benefits of both signaling methods while complementing each other in adverse scenarios.

3 Combined explicit and implicit signaling approach
To fully support dynamic indication of cross-carrier control region by explicit signaling with CIF + CFI joint coding for up to 5 CCs, four bits are needed. However current bit length of CIF is agreed to be three hence causing the trouble in the scenario when a larger number of CCs is configured. Exploiting the fact that two CRC masking sequences effectively correspond to one additional bit. Thus combining the explicit signaling with CIF + CFI joint coding and two CRC masking sequences, four bits are available to fully indicate the cross-carrier control region up to 5 CCs. The two CRC masking sequences could be designed as in Table 1, same as the UE transmit antenna selection mask in Rel-8.
Table 1: CRC masking sequences
	No.
	CRC masking sequences

	1
	<0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0>

	2
	<0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1>


One example of this approach is shown in Table 2, where CC0 is used for non-cross-carrier scheduling.
Table 2: Combined explicit and implicit signaling approach
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In this approach, no more decrease in UE-ID space than in Rel-8 is introduced since the transmit antenna selection masking is only introduced in the uplink grant while CRC masking mentioned here are only intended for downlink assignments. Note that anyway the transmit antenna selection masking will be supported in Rel-10 due to the backward compatibility requirement.
4 Conclusions

In this contribution, the existing solutions to the cross-carrier control region indication in case of cross-carrier resource assignments are analyzed and a new approach is proposed.

We propose the following:
Proposal: Cross-carrier control region should be indicated in a combined explicit and implicit signaling approach.
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