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1 Introduction

An agreement has been reached through E-mail discussion after RAN1 59b meeting: a standardized solution will be supported to resolve PCFICH erroneous detection for Cross-Carrier Scheduling. 

Based on the way forward for PCFICH erroneous detection for Cross-Carrier Scheduling, RAN1 will have a standardized solution to provide CFI to the UE for the carriers on which PDSCH is assigned. 
In this contribution, we give a detailed analysis on two solutions and provide our preferences.
2 Discussion

In order to ensure PDSCH being decoded correctly for cross-carrier scheduling, CFI related information can be obtained by UE through signaling or predefined configuration[4][5][6].

Signaling to UE:

· Explicit indication in DCI Format

· Separate signaling indication-2 bits

CFI can be indicated for each scheduled CC with the additional 2 bits, but this will increase signaling overhead.
· CFI and CI joint coding

CIF is a fixed 3-bit field embedded into DCI format. When UE is configured that PDCCH on a component carrier can assign PDSCH resource in less than 8 component carriers, which is most relevant cases since there are quit limited combinations of spectrum, some status are unused in CIF. So joint coding of CI and CFI can reduce signaling overhead. If PDCCH on a CC assign PDSCH in more than 3 CCs, it can’t indicate CFI for each cross-carrier scheduled CC with 3 bits. 
The joint coding signaling can be fully indicated by extending the field into 4 bits. CFI value can be indicated for 4 different component carriers at most. Then, PDCCH on a CC can assign PDSCH resource in 5 component carriers without lost of any status. Extending 3 bit CI field with 1 extra bit to cover all cases is shown as table 1:
	Indicator value
	PDSCHcarrier
	CFI value

	0000
	C0
	-

	0001
	C1
	1

	0010
	C1
	2

	0011
	C1
	3

	0100
	C2
	1

	0101
	C2
	2

	0110
	C2
	3

	0111
	C3
	1

	1000
	C3
	2

	1001
	C3
	3

	1010
	C4
	1

	1011
	C4
	2

	1100
	C4
	3

	1101
	Reserved
	Reserved

	1110
	Reserved
	Reserved

	1111
	Reserved
	Reserved


Table 1. Carrier indicator and CFI value
· Semi-static configuration by RRC signaling
CFI is used to support dynamic PDCCH change. Introduction of semi-static configuration of CFI is to only identify PDSCH at the right position on the CC been cross-carrier scheduled. This semi-static CFI can be seen as a virtual CFI in parallel with real PCFICH of the CC. In order to decode PDSCH correctly, CFI value carried by PCFICH can’t exceed the CFI value by semi-static configuration. Thus, PCFICH is partially restricted by the rate of semi-static configuration, and the scheduling flexibility is reduced. Moreover, when the actual CFI is smaller than the semi-static configured value, PDSCH resource can’t be mapped to all available REs and results in reduction of resource efficiency.
Predefining CFI value:
· CFI is the same with the CC where PDCCH locates
This method restricts the control region size of the scheduled component carrier to not exceede that of CC where PDCCH locates. And, when the control region size of the scheduled component carrier is smaller than that of CC where PDCCH locates, the cross-carrier scheduled PDSCH resource have to miss those unoccupied OFDM symbols. If all the CCs in cross-carrier scheduling CC set are restricted to share the same CFI, this will result in more serious reduction in resource utilization rate.

· CFI is predefined as maximum 
When CFI of the CCs in cross-carrier scheduling CC set is predefined as maximum, cross-carrier scheduled PDSCH can’t be mapped to all available data region, which reduces resource efficiency.

If we trade off between signaling overhead, resource utilization rate and application scenarios, CFI and CI joint coding could be a choice. As CFI and CI joint coding is limited to 3 bits, it has to eliminate combinations of CFI values and CCs from DCI signaling. Since the cases are infrequent that PDCCH on a component carrier assign PDSCH resource in more than 3 CCs, the reduction of system resource utilization is quite small.
For example[7], when UE is configured the ability for PDCCH on one CC to schedule PDSCH resource on five CCs, CC0,CC1,CC2,CC3,CC4, and PDCCH is on CC0. 

000 indicates PDSCH on CC0.

001 indicates PDSCH on CC1 and CFI of CC1=1

010 indicates PDSCH on CC1 and CFI of CC1=2

011 indicates PDSCH on CC1 and CFI of CC1=3

100 indicates PDSCH on CC2 and CFI of CC2=CFI of CC0
101 offset

110 indicates PDSCH on CC4 and CFI of CC4=CFI of CC0
111 indicates PDSCH on CC3 and CFI of CC3=CFI of CC0
3-bit solution can be quite aligned with the current agreement without further justifying overhead. This is more preferred than solutions with higher overhead.
3 Conclusion
In this contribution, we discuss in detail two standardization solutions for PCFICH erroneous detection, signaling to UE and predefinition CFI value. Considering signaling overhead, resource utilization rate and application scenarios, we propose, 

For cross-carrier scheduling, CFI and CI joint coding in DCI format is supported, concretely,

· If the group can decide to add 1 more bits for joint coding, CFI value can be indicated for 4 different component carriers at most. PDCCH on a CC can fully assign PDSCH resource in 5 component carriers simultaneously and avoid any CFI ambiguity. 
· If we confine the overhead to 3 bits, signaling associated with predefining CFI is preferable. When UE is configured PDCCH on one CC assign PDSCH in more than 3 CCs, the unknown CFIs which can’t be indicated by DCI signaling can be defaulted as the same as the CC where PDCCH locates.
· The starting OFDM symbol of PDSCH is decided by predefined rules or signaling, in spite of CFI value of the CC of the PDSCH.
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