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1 Introduction

At the RAN1#61 meeting, it was agreed that for PCFICH in cross-carrier scheduling, signaling of one value by RRC with Alternative 1 is the baseline; further study until RAN1#61bis is required on whether other solutions are necessary and whether more than one value signaled by RRC is necessary [1]. In this contribution, by examining the use cases of cross-carrier scheduling, we investigate the necessity of a dynamic cross-carrier PCFICH signaling method, and by analyzing the pros and cons of various dynamic signaling methods, we propose to adopt a simple and fully dynamic CIF/CFI joint coding with CRC masking method to complement the relatively rather static RRC signaling method and to exploit all the benefits brought by cross-carrier scheduling in almost all scenarios without any control overhead.

2 Use cases of cross-carrier scheduling
It was envisioned in some contributions e.g. [2] that heterogeneous networks (HetNet) which include macro-femto and macro-pico scenarios are the main applications of cross-carrier scheduling and an RRC signaling method is sufficient in these scenarios. However, as we shall demonstrate below, not only is the RRC signaling method not sufficient in all HetNet scenarios, but also some scenarios in homogeneous networks will benefit from cross-carrier scheduling with dynamic signaling of cross-carrier PCFICH.
2.1 Cross-carrier PCFICH in macro-femto scenario
In macro-femto scenario where there is currently no X2 interface specified between the macro cell (macro) and the femto cell (femto) [3], it may be difficult for the macro/femto to adapt its cross-carrier PCFICH to the PDCCH starting location of respective femto/macro with coverage area overlap. Hence a conservative (large) setting has to be used for the start position of cross-scheduled PDSCH. One option would be to always assume the largest control region (CFI=3 or CFI=4 if CC bandwidth is 1.4MHz). RRC signaling method works well in this scenario when cross-carrier PCFICH does not change frequently. Besides, reliability issues related to RRC signaling method such as loss of reconfiguration message and misunderstanding between the eNB and the UE can be alleviated too if PCFICH does not change frequently.
2.2 Cross-carrier PCFICH in macro-pico scenario
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Figure 1: Macro-pico scenario
In Figure 1, as also pointed out in [4], pico cell-center UEs put out little interference to macro cell UEs. In addition, pico cell-center UEs typically will have good receive SINR and thus cross-scheduled PDSCHs suffer less due to interference from macro control region than pico cell-edge UEs. So it is preferable for pico cell-center UEs to adopt a dynamic starting position of PDSCH from a resource efficiency point of view. As for macro cell-center UEs, same reasoning could apply when pico cell locates at the macro cell-edge. Interference to pico cell UEs can be kept low if low control/data power or proper beamforming for data [4] is used for macro cell-center UEs and pico cell UEs also put little interference to macro cell-center UEs. On the other hand, if pico cell locates inside the macro cell, macro cell UEs can sometimes cause significant interference to pico cell UEs. However, the dynamic signaling method of cross-carrier PCFICH can always fall back promptly to maximum value in case such interference happens [4].
In macro-pico scenario, there can be coordination of control region between macro and pico cell (pico) through X2 interface. However, since communication between macro and pico cell is typically limited, the value from the interface cannot track the fast changes of the L1/L2 control region. On the other hand, it can only for the time being represents the approximate number and conditions of the directly scheduled UE in the highly interfered carrier. Thus to fully utilize this value for efficient resource utilization, it is better to adapt the cross-carrier PCFICH to this value in a dynamic way rather than using the slow RRC signaling method which might render this value outdated. Furthermore, coordination based on outdated information may also do harm to the interference coordination. 

Taking into account the possibility of MBSFN subframes being configured differently for each carrier and for each eNB, there might be a need for more than one value signaled by RRC [5]. Considering the control overhead associated with signaling separate CFI values to each UE for each subframe for one frame, it is more efficient to use a dynamic signaling method on a subframe basis as long as no additional control overhead is caused by this method, such as the one we are proposing in section 4 of this contribution.
2.3 Cross-carrier PCFICH at homogeneous networks
It was assumed that HetNet is the main application of cross-carrier scheduling. However, as also pointed out in [6], inter-band non-contiguous carrier aggregation, load balancing and possibly other scenarios may also benefit from cross-carrier scheduling. Although dynamic load balancing might not be possible anymore with the current agreement that each PDSCH CC can be scheduled only from a single DL CC, a kind of “slow” load balancing which can be realized through PDCCH linkage reconfiguration is still needed to deal with the possible traffic imbalance between CCs. Note that load balancing for PDSCH could also be realized by moving both PDCCH and PDSCH to a SCC, however this might increase the UL ACK/NACK control overhead because a carrier aggregation PUCCH resource might be needed instead of using the existing Rel-8 PUCCH resources. Cross carrier scheduling is also needed in inter-band carrier aggregation scenario due to the tendency that the reception of PDCCH may be more reliable when it is carried on the lower band carrier, which may also add up to the need for load balancing. 
For homogeneous networks, dynamic signaling of cross-carrier PCFICH is preferred to retain backward compatible design and efficient usage of resources. It was mentioned in some contributions e.g. [7] that PCFICH detection at homogeneous networks could be enhanced through power boosting. However, boosted PCFICH would cause interference to control channels in other cells which makes this implementation based method undesirable.
As summarized in Table 1, in addition to the RRC signaling method, a dynamic cross-carrier PCFICH signaling method is necessary for scenarios of both HetNet and homogeneous networks. So we propose the following:
Proposal 1: A dynamic cross-carrier PCFICH signaling method is necessary in addition to the RRC signaling method.
Table 1: Comparison of dynamic and RRC signaling for different scenario
	Scenario / signaling method
	Dynamic signaling
	RRC signaling

	Macro-femto
	· Difficult to adapt to the PCFICH of the counterpart precisely.
	· Works well when cross-carrier PCFICH does not change frequently, as is the case in this scenario.

	Macro-pico
	· Improves efficiency for pico cell-center UEs and possible macro cell-center UEs;
· Improve interference coordination through quick application of coordinated PCFICH;

· Signaling overhead saving for interference coordination in MBSFN subframes.
	· Loss of resource efficiency;
· Reduced effectiveness of interference coordination;

· Possible problems of loss of reconfiguration message and misunderstanding between the eNB and the UE.

	Homogeneous networks
	· Retain backward compatible design and efficient usage of resources.
	· Dynamic change of cross-carrier PCFICH is impossible;
· Possible problems of loss of reconfiguration message and misunderstanding between the eNB and the UE.


3 Discussion of existing dynamic cross-carrier PCFICH signaling methods
Current RAN4 performance requirements for PCFICH detection (10-2 error rate) account for only the case of receiving the PDCCH successfully on the same carrier. If the UE is required to read the PDCCH on one CC and the PFCICH on another CC to determine its PDSCH resource assignment, the performance goal of PCFICH on the cross-scheduled PDSCH CC is obviously higher (<10-4 error rate) [6]
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[8]. However, by adding the cross-carrier PCFICH into the cross-carrier scheduling PDCCH, PCFICH on the cross-scheduled PDSCH CC does not need to be read anymore. The procedure of resource assignment determination is restored to be the same as in Rel-8 and no new RAN4 requirements that independently test the ability of the UE to detect PCFICH have to be introduced, which explains the popularity of dynamic cross-carrier PCFICH signaling methods.
It was proposed in [9]
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[10] to indicate the CFI values for cross-carrier scheduling by utilizing un-used PDCCH DCI CIF code points through joint coding of the CIF and CFI. However, this method is incapable to handle scenarios with a large number of CCs (4 or 5), which would create exceptions, a significantly more complex specification and possibly will also required additional higher layer signaling to configure the restrictions and restricted carriers [11]. Moreover, due to the delay of RRC signaling, this method cannot provide fully dynamic CFI assignments, which is against the motivation for dynamic signaling at the first place. It was proposed in [11] to amend this method by using 4 bits joint CIF/CFI coding to enable fully dynamic signaling when required. Although blind decoding attempts are not increased, this method would cause extra control overhead and make the design for avoiding ambiguity of CCE aggregation size in UE blind decoding more complicated which is exactly why CIF is decided to be a fixed 3-bit field in RAN1 59 meeting. It was also proposed in [12] to use the additional TPC field in the cross-carrier scheduling for cross-carrier PCFICH signaling. This method relies on the assumption that in each subframe DL PCC must have assignment if DL SCC has an assignment, which has not been discussed yet. Besides, there could be other better use of the additional TPC field as indicated in [13].
In this contribution, we propose a simple and fully dynamic CIF/CFI joint coding with CRC masking method to dynamically indicate the cross-carrier PCFICH. This method is the same as the joint coding method in [9]
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[10] when the number of CCs is small (<4) and could be seen as a simple and overhead-free amendment to it when the number of CCs is large.
4 CIF/CFI joint coding with CRC masking method
To fully support dynamic signaling of cross-carrier PCFICH by CIF/CFI joint coding for up to 5 CCs, a maximum of four bits are needed. However current bit length of CIF is agreed to be three hence causing the trouble in scenarios where a larger number of CCs is configured. We can exploit the fact that two CRC masking sequences effectively correspond to one additional bit. Thus combining the CIF/CFI joint coding and two CRC masking sequences, four bits are available to fully indicate the cross-carrier PCFICH up to 5 CCs. The two CRC masking sequences could be designed as in Table 2, same as the UE transmit antenna selection mask in Rel-8.
Table 2: 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 the CIF/CFI joint coding with CRC masking method is shown in Table 3, where CC0 is used for non-cross-carrier scheduling. Taking 4 available CCs for example. There is one CC0 which is not used for cross-carrier scheduling, then no CFI states are required to be indicated in the joint coding for this CC. There are another three CCs: CC1, CC2 and CC3, on which the PDSCHs are cross-carrier scheduled from CC0. CFIs of these CCs are indicated in Table 3 each using three states which are differentiated with a combination of CIF value and used CRC masking sequence. (Colors highlight how various CCs may be accommodated.) To indicate that CC3 cross-scheduled from CC0 with CFI equals 2, CIF value is set to 001 and the CRC masking sequence for this cross-scheduling PDCCH is the second one in Table 2. Note that the labeling of CCs in Table 3 is just an example. The mapping between labels to physical CCs can be set independently among cross-carrier scheduling capable CCs or the same among them. Either way only the mapping between the labels and physical CCs needs to be determined and corresponding Table 3 can be deducted easily.
Table 3: CIF/CFI joint coding with two CRC masking sequences
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The major drawback associated with the dynamic signaling method of CFI based CRC masking in [14] is that this method need at least three CRC masking sequences which would cause decrease in UE-ID space compared to Rel-8. However, the method illustrated in Table 3 only use two CRC masking sequences. Since anyway the transmit antenna selection masking will be supported in Rel-10 due to the backward compatibility requirement and note that the transmit antenna selection masking is only introduced in the uplink grant while CRC masking mentioned in this contribution is only intended for downlink assignments, the same set of CRC masking sequences can be shared among these two mechanisms without contradictions, thus no more decrease in UE-ID space than in Rel-8 is introduced.
Although as analyzed in section 2, the application scenarios of RRC signaling method and dynamic signaling method are relatively separate, i.e. RRC signaling applicable in macro-femto and dynamic signaling applicable in macro-pico and homogeneous networks, these two methods can reside in the same scenario to complement each other easily. In this case, we recommend considering RRC signaling that can effectively configure one of the following four states for the cross-carrier PCFICH: 
· Semi-statically CFI = 1

· Semi-statically CFI = 2

· Semi-statically CFI = 3
· Switch to dynamic signaling

The forth state indicate the UE to start using dynamic cross-carrier PCFICH signaling method. Apart from uncertainty problem inherent to the RRC signaling method, this method can realize co-existence of these two methods.
UE implementation burden is minor since all that added in the complexity of UE blind decoding is just a couple of CRC testing which only applies in the case of cross carrier scheduling. The specification effort is low because all that needed to be specified is the relationship between CIF, CFI and CRC masking sequences, as illustrated in Table 3.

As illustrated above, the CIF/CFI joint coding with CRC masking method does not introduce any control overhead than what has already existed while at the same time can enable fully flexible dynamic indication of cross-carrier PCFICH for up to 5 CCs to exploit the benefits of cross-carrier scheduling in both HetNet and homogeneous networks. The UE implementation burden is minor and specification effort is low, so we propose the following:
Proposal 2: CIF/CFI joint coding with CRC masking method is supported in addition to the RRC signaling method.
5 Conclusions

In summary, we propose the following:
Proposal 1: A dynamic cross-carrier PCFICH signaling method is necessary in addition to the RRC signaling method.
Proposal 2: CIF/CFI joint coding with CRC masking method is supported in addition to the RRC signaling method.
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