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1 Introduction

At the RAN1#58bis meeting, it is 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 is left for further study [2]. This contribution discusses this issue and presents our proposal to solve this problem.
2 Cross-carrier control region indication

In case of DL cross-carrier scheduling, it is proved probabilistically that PCFICH reception on the carrier on which PDSCH is assigned may be severely unreliable [3]
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[4]. 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 could be generally divided into two categories: Non-signaling-based methods and signaling-based methods. 
Restricting the PCFICH value to be the same as a PDCCH-carrying carrier is one of non-signaling-based methods. This method is undesirable not only because these two carriers might have completely different PCFICH due to load or channel condition difference, thus causing resource efficiency loss, but also is inconsistent with the current agreement of supporting an independent control region size per CC. 
Signaling-based methods attempt to solve the problem by using various signaling from lower to higher layers, including: semi-static configuration [3], explicit indication in DCI formats [5][6] and implicit indication using a CFI based CRC mask [7]. 
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 solutions are needed to make up for this drawback while from standardization effort point of view a single solution might be more preferable.
Hence, the most promising signaling-based method that we feel would be the implicit indication method using a CFI based CRC mask [7], which we shall elaborate in the following section.
Proposal 1: Cross-carrier control region should be indicated implicitly by CFI based CRC masking.

3 Implicit indication of cross-carrier control region
The implicit indication method works in the same way as the transmit antenna selection mask in Rel-8 [8], the CFI based CRC masking sequences are to be applied in addition to the UE-ID masking which indicates for which UE the scheduling assignment is intended. The three CFI based masking sequences could be designed as in Table 1, similar to the transmit antenna selection masks.
Table 1: CFI based CRC mask

	CFI 
	CFI based CRC mask
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	1(2)
	<0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0>

	2(3)
	<0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1>

	3(4)
	<0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0>


One concern would be that the number of UE-IDs available for allocation would be reduced. However this is not a serious handicap since, after the masking operation the number of assignable UE-IDs (~2e16/3) would still be sufficient to accommodate the requirement identified by C-plane capacity in [9], if a simple strategy such as a judicious assignment of UE-ID to UEs could be used.
The problem of misidentification of the UE-IDs is also not serious because the same problem already exists in the transmit antenna selection mask in Rel-8. While the transmit antenna selection mask is only introduced in the uplink grant, the CFI based masks mentioned here are only intended for downlink assignments, thus they do not induce an additive increase in the false alarm rate. Also, the number of UEs simultaneously assigned resources on several downlink carriers is expected to be rather small, thus the number of UEs simultaneously using the implicit indication mechanism is also small, which would lead to a mild increase of the probability of misidentification of the UE-IDs from a system perspective. Furthermore, a semi-static signaling could also be introduced to make sure that implicit indication by using CFI based CRC masking is only used when eNB believe that a UE would probably have trouble correctly decoding corresponding PCFICH. A significant difference between the semi-static configuration here and the one mentioned in the previous section is that PCFICH indication here is still dynamic instead of semi-static. Additional semi-static configuration makes such indication depend on UE channel conditions and thus become more flexible. With all these in mind, it is believed that the probability of misidentification of the UE-IDs can be well controlled.
The decoding delay is also not a problem, since all that added in the complexity of blind decoding is just a couple of CRC testing, and it only applies in the case of cross carrier scheduling.
Proposal 2: Implicit cross-carrier control region indication could be fine tuned semi-statically.

4 Conclusions

In this contribution, the solutions to the cross-carrier control region indication in case of cross-carrier resource assignments are analyzed.

We propose the following:
Proposal 1: Cross-carrier control region should be indicated implicitly by CFI based CRC masking.

Proposal 2: Implicit cross-carrier control region indication could be fine tuned semi-statically.
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