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1 Introduction

At RAN1 #60bis meeting, the agreement for PCFICH issue is as following [1]:
· Alt 1: In case of cross-carrier scheduling, the UE shall always follow the “newly-standardized solution” for ascertaining the PDSCH starting position on the CC carrying the PDSCH.
· Alt 2: In case of cross-carrier scheduling, the UE shall follow the “newly-standardized solution” if it is used for ascertaining the PDSCH starting position on the CC carrying the PDSCH; if the “newly-standardized solution” is not used, the UE shall read the PCFICH on the CC carrying the PDSCH.
Aim to decide between Alt 1 and Alt 2, and between RRC signalling and DCI.
In this paper, some further analysis for PCFICH issue and our preference is given. For simplicity, PDSCH starting position is equivalent to PCFICH.
2 Decide between Alt 1 and Alt 2
The use cases for cross-carrier scheduling can include not only heterogeneous network (HetNet), but also some other cases such as narrow-band or inter-band non-contiguous carrier aggregation and load balance scenarios, etc. To avoid HARQ buffer corruption which results RLC retransmission in case of cross-carrier scheduling, the performance goal of PCFICH on the cross-scheduled PDSCH carrier is required to be very high (at least 1e-4 or even lower [2]), which can be hardly achieved by UE directly reading PCFICH on the PDSCH carrier even in light interfered scenarios such as non-HetNet (this is different from reading PCFICH for CC carrying PDCCH where PDCCH detection can be a check, so no HARQ buffer corruption occurs!). To be specific, simulation results were shown in [3] that, about 9% of UEs in the cell could not attain the PCFICH goal of even 1e-3, and the percentage can be substantially higher to reach 1e-4 or even lower. 
If Alt 2 is used, additional standardization and implementation effort needs to be done, e.g., 
· Whether dedicated or common higher layer signalling should be used.

· eNB has to make a judgement what kinds of cross-scheduled UEs need the new standardized solution or not, which complicates eNB’s implementation.

· How to handle the case where the configuration signalling is lost, then there is a potential mismatch between eNB and UE.

From the above analysis for the requirement of HARQ buffer corruption and the standardization and implementation effort, Alt 1 is preferred. Furthermore, if the PCFICH through new-standardized solution is not aligned with that of what UE has directly read, it is suggested that UE follow the new-standardized solution by default.
Proposal 1: In case of cross-carrier scheduling, the UE shall always follow the “newly-standardized solution” for ascertaining the PCFICH on the carrier carrying the PDSCH.
3 Decide between RRC signalling and PDCCH
A UE follows a semi-static PCFICH of the carrier carrying the PDSCH.
Pros:

· Works well when the number and conditions of the directly scheduled UE in the highly interfered carrier do not vary significantly.
Cons:

· It leads to inefficient resource utilization, for example, it is wasteful to use a maximum semi-static PCFICH value (by 1-2 of 14 OFDM symbols) when there is a small number of direct scheduled UE present on the strongly interfered carrier.
· The effective PCFICH value for the cross-scheduled UE is no longer variable per TTI based on the conditions of the (direct) scheduled UEs.
· If the RRC signaling for configuring PCFICH is not correctly received by the UE (during the RRC reconfiguration period), the HARQ buffer corruption may occur. Therefore, it is most reliable to convey the PCFICH of carrier carrying the PDSCH through the cross-scheduled PDCCH as analyzed in the following. Otherwise, if RRC signaling must be used, we suggest that it be carried on the primary component carrier. 
The PCFICH for carrier carrying the PDSCH is conveyed in the cross-scheduled PDCCH.
To avoid additional bits included in PDCCH, joint encoding the PCFICH and carrier index field (CIF) is proposed [4]. 
Pros:

· Payload size remains the same
· Efficient resource utilization for control region compared to RRC signalling
· It is more reliable than RRC signalling from the HARQ buffer corruption point of view, because if cross-scheduling PDCCH is missed, then UE won't read the cross-scheduled PDSCH, so no HARQ buffer corruption occurs.
Cons: 

· For larger than 3 configured carriers, some restrictions need to be performed, which can be acceptable considering such scenarios is not so frequent.
According to the above discussion it is beneficial to have a dynamic control region to maximize the control resource utilization and explicitly include it in the cross-scheduled PDCCH e.g. joint encoding the PCFICH and carrier index field (CIF).

Proposal 2: The PCFICH value is explicitly conveyed in the cross-scheduled PDCCH (e.g. joint encoded with CIF)
4 Conclusion 
In this paper, some further analysis for PCFICH issue is given, and summarized below.
Table 1: Comparison of PCFICH indication by RRC signalling and PDCCH
	Solution for indicating the PCFICH of the cross-scheduled carrier
	Ability to respond to changes in user load and conditions
	Signaling Requirements
	Comments

	Semi-static
	Poor
	May transmitted on the PCC
	Not in the spirit of PCFICH

	Dynamic in PDCCH
	Excellent
	Small
	May be possible to code with CIF


· Proposal 1: In case of cross-carrier scheduling, the UE shall always follow the “newly-standardized solution” for ascertaining the PCFICH on the carrier carrying the PDSCH.
· Proposal 2: The PCFICH value is explicitly conveyed in the cross-scheduled PDCCH (e.g. joint encoded with CIF).
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