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1 Introduction
Following the contribution [1] from Panasonic at RAN1#60bis, this document further reviews the potential issues around reconfiguration of CIF, and discusses some potential solutions, including various proposals from other companies.
2 The CIF reconfiguration issue
In the case of a reconfiguration of cross carrier scheduling on a given component carrier (CC) the size of the monitored DCI formats is likely to change, depending on whether CIF is added or removed.  As identified in [1] a potential misalignment issue arises between eNB and UE, as follows. 
Assuming that the CIF reconfiguration and any related change to configured DCI formats is indicated via an RRCConnectionReconfiguration message, the behaviour for the reconfiguration of CIF is shown in Figure 1. When the eNB changes the UE configuration from operation without CIF to 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 RRCConnectionReconfiguration message and the UE being ready to transmit the RRCConnectionReconfigurationComplete message is specified as 15ms in the RRC specification. During this time period, the UE changes the configuration of the CIF (i.e. changes the PDCCH payload sizes to be monitored). However, eNB does not know the exact UE understanding of the PDCCH payload sizes before it receives the RRCConnectionReconfigurationComplete message. Moreover, the eNB is required to send PDCCH to grant PUSCH transmission resources to carry the RRCConnectionReconfigurationComplete message. In addition, the RRCConnectionReconfigurationComplete message may not be received in some error cases, e.g. loss of the RRCConnectionReconfiguration message or an ACK/NACK error to the RRCConnectionReconfigurationComplete message. In this case, the eNB would try to resend the RRCConnectionReconfiguration message, but the eNB does not know the correct PDCCH size (with CIF or w/o CIF) which is currently monitored by the UE. 
The misalignment can cause unexpected RLC retransmissions, and long latency for successful CIF initialization. This kind of misalignment can also occur in the CIF release which is a transition from CIF-enabled to CIF-disabled mode. 
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Figure 1: PDCCH size uncertainty issue during RRC reconfiguration (from [1])
In the above discussion we assume here that the main problem is correct reception of Format 0/1A for sending the RRCConnectionReconfigurationComplete message and any retransmissions of the RRCConnectionReconfiguration message. However, there could also be a similar misalignment issue if another downlink DCI format used to send RRCConnectionReconfiguration. In addition, efficient use of other DCI formats for sending data could also be temporarily affected, potentially for both uplink and downlink transmission and all the carriers involved in the reconfiguration. 
Depending on the particular scenario, during reconfiguration there may also be some uncertainty on which CC carries the PDCCH for a given carrier (i.e. a CIF reconfiguration could have the effect of moving part of the UESSS from one carrier to another).  

Therefore it is of interest that CIF reconfiguration can be carried out quickly and reliably. 
We also assume that the potentially problematic cases are 

(1) moving from a case with no cross carrier scheduling to one with cross carrier scheduling (i.e..CIF is added to DCI formats currently in use in the UESS, and a possibly one or more new formats (with CIF)s are added for one or more CCs 

(2) moving from a case with cross carrier scheduling to one without cross carrier scheduling (i.e..CIF is removed from DCI formats currently in use in the UESS, and a possibly one or more new formats (with CIF) are removed if one or more CCs are de-configured. 
Although CIF reconfiguration may not be frequent for stationary terminals, it could be necessary in handover: either in directly handing over between different cross-carrier configurations when the serving cell is changed, or de-configuring carrier aggregation in preparation for handover.    
3 Possible solutions
In the discussion below we focus on the case of adding CIF, but similar considerations apply when CIF is removed.

Implementation based solutions: 
This is the preferred approach in [2], [4], [6] and [8]. The following are already available, or likely to be available: 
Method 1: Transmit two PDCCHs with different PDCCH payload sizes (i.e. with and without CIF) for the RRCConnectionReconfigurationComplete message (and any retransmissions of the RRCConnectionReconfiguration message)
The UE will always be configured such that it can receive one of these PDCCHs. 

Cons:

· Transmission of two PDCCHs for the same data allocation is not efficient, since it increases the PDCCH overhead. 
· eNB implementation may become complicated. 
· There may be a DCI size ambiguity problem when carriers have different bandwidths. For example, suppose 5MHz and 20MHz carriers are aggregated. DCI format 0/1A size without CIF for 20MHz is 28 bits, which is the same as DCI format 0/1A size with CIF for 5MHz. The UE may therefore confuse DCI format0/1A of 20MHz and DCI format 0/1A for 5MHz during the UE reconfiguration procedure. This could be avoided by restricting cross-carrier scheduling during reconfiguration.
· It may be necessary to specify that the UE should only recognize one of the two PDCCHs 
Method 2: Transmit PDCCHs for the RRCConnectionReconfigurationComplete message (and any retransmissions of the RRCConnectionReconfiguration message) in the common search space
Assuming that the DCI formats on the common search space do not have a CIF, it is possible to transmit a PDCCH without size misalignment between eNB and UE. 
Cons: 
· Considering the UE processing delay requirement for the reconfiguration is 15ms, a number of PDCCHs may need to be transmitted in the common search space during the reconfiguration uncertainty window. This approach would increase the blocking probability in the common search space. The capacity of common search space is already problematic in Rel8. Therefore, relying on the common search space is not sufficient. 
· Use of common search space is not efficient because only CCE aggregation levels of 4 and 8 are available. 
Method 3: Employ time-synchronization using RACH (e.g., intra-eNodeB handover)

In this method, the UE uses the RACH procedure to send the “RRCConnectionReconfigurationComplete” message [5]. Since the RACH procedure is used to send the “RRCConnectionReconfigurationComplete” message, the eNodeB can easily determine the timing when the new CIF configuration is reflected in the UE by receiving:-
· the RACH preamble if a dedicated preamble (allocated by “RRCConnectionReconfiguration”) was used, or

· the C-RNTI MAC control element in RACH message 3, if a contention preamble was used

This can be done by using the intra-eNB handover procedure, but this will imply that the RLC buffers will be flushed according to the Rel. 8 specification. If RAN2 can define new procedures, such flushing of buffers can be avoided. However, the need for such optimization depends on how frequent CIF reconfigurations would occur.
Con: 
· results in flushing of RLC buffers 
Method 4: Configuration of CIF on one carrier may be by signalling on another carrier
Assuming that RRC signalling on one carrier can configure other carriers, then the CIF on a given carrier could be configured using a different carrier. Any uncertainty on the timing of the CIF reconfiguration would not affect the operation of PDCCH on the carrier carrying the RRC signalling.  

Con:

· In order to allow configuration of CIF using a different CC, it would be necessary that at least two of the available CCs can be used without cross carrier scheduling. Otherwise it would be necessary to use a carrier on which the PDCCH is unreliable for carrying the RCC signalling. This unreliability would be one of the main reasons for configuring cross-carrier scheduling in the first place.  

Standardised solutions
Alternative 1: CIF is not added to a PDCCH which assigns the same DL CC and paired UL CC. 
This is the preferred approach in [1], [3], [5], and [7].
In this case, the eNB can assign the data on at least one CC at any time using the UE specific search space without size misalignment between eNB and UE.  The 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 a system without CIF.  

Con: 
· There would potentially be ambiguity problems with DCI formats with CIF having the same size as DCI formats without CIF (e.g. if CCs have different bandwidths). A scheduling restriction or padding solution may be considered.
Two versions of this alternative could be considered:
· Alternative 1a: No CIF for all DCI formats for same-carrier scheduling in UE-specific search space
The CIF is not attached for scheduling on the same carrier. Then, RRC signaling can be handled even during CIF initialization/release procedures. This option can be applied for all CCs or at least one CC. 
· Alternative 1b: No CIF only for DCI format 0/1A for same-carrier scheduling in UE-specific search space
In Rel-8, DCI formats 0/1A are defined for fallback mode operations, and in the same manner, only DCI format 0/1A can be used during uncertain CIF initialization/release periods. The advantage compared to Option 1a is more possibility for BD reduction. For example, among two sets of DL and UL blind decoding attempts, DL DCI formats with CIF can have a unified size with other DL DCI formats for cross-carrier scheduling, and this could help to reduce the blind decoding attempts in the shared search space by K, where K is the number of PDCCH candidate positions in a given search space
Alternative 2: Delay the reconfiguration of CIF until after the RRCConnectionComplete message is transmitted by the UE. 

This allows the PDCCH with resource allocation for the RRCConnectionReconfigurationComplete message (and any retransmissions of the RRCConnectionReconfiguration message) to be transmitted without CIF.

Cons: 

· Additional delay in applying the reconfiguration

· Because of HARQ operation, there is some uncertainty on exactly when the RRCConnectionComplete message will be received by the eNB. 
· This violates the 15ms timing requirement for reconfigurations  
Some variations of this alternative could be considered:
· Alternative 2a: Delay any reconfiguration of CIF until after the RRCConnectionComplete message is transmitted by the UE. 

· Same as “Alternative 2” above
· Alternative 2b: Delay the reconfiguration of CIF for Format 0/1A until after the RRCConnectionComplete message is transmitted by the UE. 

The reconfiguration for other DCI formats than Format 0/1A is available with no delay. In some cases there could be confusion in the UE-specific search space between Format 0/1A without CIF and other DCI formats with CIF having the same size.  
Con: 
· There would potentially be ambiguity problems with DCI formats with CIF having the same size as DCI formats 0/1A without CIF (e.g. if CCs have different bandwidths). A scheduling restriction (during reconfiguration) or padding solution may be considered.
Alternative 3: Apply the reconfiguration of CIF to some of the UE-specific search space immediately, but delay the reconfiguration of CIF for the remaining part of the search space until a DCI format is received with the new value of CIF.
This allows the resource allocation for the RRCConnectionReconfigurationComplete message (and any retransmissions of the RRCConnectionReconfiguration message) to be transmitted with or without CIF. It also allows cross-carrier scheduling according to the new configuration with minimal delay.
Cons: 

· Some reduction in scheduling flexibility while the search space is split.

· There may be some uncertainty at the eNB on when the UE first correctly receives a DCI format with the new value of CIF. The eNB may continue using only part of the search space until it is sure that the UE has applied the new configuration to the whole search space. 
Alternative 4: The UE monitors for DCI format 0/1A both with and without CIF (in UESSS) until format 0/1A is received with the new value of CIF.
This allows the resource allocation for the RRCConnectionReconfigurationComplete message (and any retransmissions of the RRCConnectionReconfiguration message) to be transmitted whether the eNB uses Format 0/1A with or without CIF. Minimal specification changes would be needed. If the reconfiguration moves part of the UESSS from one carrier to another, then the UE would monitor on both old and new carriers.
Cons: 

· This implies additional blind decodes for both versions of Format 0/1A. This is likely to be within the capability of a UE supporting carrier aggregation. However, if not, then the total number of blind decodes could be maintained by restricting scheduling using other DCI formats for the new carrier during the reconfiguration. 
Alternative 5: The UE monitors for DCI formats with and without CIF (in UESSS) in alternating subframes until a DCI format is received with the new value of CIF. 

This allows the resource allocation for the RRCConnectionReconfigurationComplete message (and any retransmissions of the RRCConnectionReconfiguration message) to be transmitted whether the eNB uses Format 0 with or without CIF. It also allows cross-carrier scheduling according to the new configuration with minimal delay.
Cons: 
· Some reduction in scheduling flexibility while using alternate subframes.

· There may be some uncertainty at the eNB on when the UE first correctly receives a DCI format with the new value of CIF. The eNB may continue using only every other subframe until it is sure that the UE has applied the new configuration to all subframes.
4 Conclusions

The identified implementation based solutions are not efficient. Therefore if reconfiguration of CIF is expected to be frequent (e.g. on handover), a standardised solution may be considered. Two promising possibilities are:  
· Alternative 2b: Delay the reconfiguration of CIF for Format 0/1A until after the RRCConnectionComplete message is transmitted by the UE. 
· Alternative 4: The UE monitors for DCI format 0/1A both with and without CIF (in UESSS) until format 0/1A is received with the new value of CIF.
· If the UE capability allows, then other DCI formats can also be monitored both with and without CIF. Details FFS
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