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1 Introduction
For cross carrier scheduling, use of explicit CIF was agreed. It was also agreed presence of CIF is configured per UE. Since the PDCCH monitoring size changes in case of a reconfiguration of the CIF presence, PDCCH payload size misalignment between eNB and UE may happen. Several solutions have been discussed [2]

 REF _Ref258247047 \r \h 
[3]. 
In this contribution, CIF reconfiguration issue is further discussed.  
2 CIF reconfiguration issue
Since the PDCCH monitoring size changes in case of a reconfiguration of the CIF presence, we identify the following misalignment issue between eNB and UE: 

Assuming that the CIF related reconfiguration and the related PDCCH configuration is indicated via RRC connection reconfiguration message, the behaviour for the reconfiguration of CIF is shown in Figure 1. When the eNB changes the UE configuration from an operation without CIF to an operation with CIF first the eNB sends the RRCConnectionReconfiguration message to the UE. Then the UE has to send back the RRCConnectionReconfigurationComplete message to inform the eNB of the successful completion of the reconfiguration. The time period between the UE reception of the Reconfiguration message and the UE being ready to transmit the Complete message is specified as 15ms in the RRC specification[4]. During this time period, the UE changes the configuration of the CIF (i.e. change the PDCCH payload size to be monitored). However, eNB does not know the UE understanding of the PDCCH payload size before it received the Complete message. Moreover, eNB is required to send PDCCH to allow PUSCH transmission to carry the Complete message. In addition, the Complete message may not be received due to some error cases, e.g. loss of the Reconfiguration message or ACK/NACK error to the Complete message. In this case, the eNB tries to resend the Reconfiguration message, but eNB does not know the PDCCH size (with CIF or w/o CIF) which is monitored by the UE. 

In order to solve above-explained PDCCH size ambiguity between eNB and UE, several solutions are outlined below section. 

[image: image1.emf]eNB

UE

RRC Connection 

Reconfig message

RRC Connection

Reconfig Complete

UE monitor PDCCH w/o CIF

P

D

C

C

H

(

D

C

I

 

0

)

Reconfiguration timing 

(depends on UE implementation)

PDCCH size uncertainty period

UE monitor PDCCH with CIF

(reTx)

(reTx)


Figure 1: PDCCH size uncertainty issue during RRC reconfiguration 
3 Possible solutions

Several solutions to above mentioned issue are considered as outlined below: 

Alternative 1: Transmit two PDCCHs with different PDCCH payload sizes (i.e. with and without CIF) for the RRCConnectionReconfiguration and Complete message

Transmission of two PDCCHs for the same data allocation is not efficient, since it increases the PDCCH overhead. Furthermore, eNB implementation may become complicated. 
Alternative 2: Transmit PDCCH on common search space for the RRCConnectionReconfiguration and Complete message

Assuming that the PDCCH on the common search space does not have a CIF, it is possible to transmit a PDCCH without size misalignment between eNB and UE. However, the capacity of common search space is already problematic in Rel8. Therefore, relying on common search space is not sufficient. Moreover, use of common search space is not efficient because only CCE aggregation levels of 4 and 8 are available. 
Alternative 3: CIF is not added to PDCCH which assigns the same DL CC and paired UL CC. 

    In this case, the eNB can assign the data on at least one CC without the size misalignment between eNB and UE at any time using the UE specific search space. This also implies that exactly the same behavior as for Rel.8 is applied for the CC, which reduces several designing/testing efforts. Furthermore, PDCCH overhead can be reduced when only one CC is used since CIF is not added in the PDCCHs. Moreover, this solution does not increase the number of BD attempts compared to system without CIF. 
4 Discussion 

For a reliable and simple system operation, Alternative 3 is preferable. On the other hand, there is a view that use of common search space (alternative 2) can solve the CIF reconfiguration issue [5]

 REF _Ref258247128 \r \h 
[6]

 REF _Ref258247129 \r \h 
[7]. In our view, it may not be a significant problem in a normal operation condition since sufficient number of PDCCHs for common channels (system information, paging, RACH response) can be accommodated in the common search space in average. However, congestion of common search space may occur during a short period due to a heavy traffic of RACH response and/or CIF reconfiguration signaling. We should note in the past RAN1 decided to use DCI format 1A for DL data arrival instead of format 1C to avoid use of common search space even though format 1A causes larger overhead. Alternative 3 is inline with the past decision.  
Reconfiguration of CIF presence would be needed when UE changes from IDLE state to RRC connected state and possibly when UE starts carrier aggregation (i.e. single CC to multiple CCs). Therefore, CIF reconfiguration may happen rather frequently. In addition, two PDCCHs, one for the Reconfiguration message and one for the Complete message, are required to be transmitted on common search space. In a situation where many UEs try to change from IDLE to RRC connected in a short period, use of carrier aggregation would be delayed due to the congestion of common search space. 

From above discussion, we propose Alternative 3. 
5 Conclusion

In this contribution we discuss the CIF reconfiguration issue, i.e. PDCCH payload size misalignment between eNB and UE during CIF reconfiguration. We propose the following to solve the issue efficiently. 

· CIF is not added to PDCCH which assigns the same DL CC and paired UL CC.
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