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1
Introduction
At the RAN1#59 meeting it was decided that for LTE-A support of cross-carrier control DL and UL assignments would be conveyed by single carrier DCI format(s) with an additional carrier indicator field (CIF) of 3 bits. The component carrier (CC) indication is used to explicitly state for which carrier the assignment is intended. At the RAN1#59bis meeting it was adopted that the mapping from CIF values to CCs for each CC enabling CIF is UE specific and CIF value to CC mapping is configured by RRC, where at least one carrier should operate during reconfiguration of the CI-to-CC mapping.
In this document we address the question of how to operate during the reconfiguration period when a UE is semi-statically reconfigured from CIF-less to with CIF operation (or vice versa), and there is no common DCI format per link maintaining non-ambiguous eNB-UE communication in the UE-specific search space.
2
Discussion
In LTE Rel-8/9, a UE is semi-statically configured by RRC with one of eight downlink transmission modes. In each mode, a UE needs to monitor two DL DCI formats, one of which is DCI format 1A, and the other one is mode-dependent. DCI format 1A and DCI format 0 are present in every DL transmission mode. DCI format 1A is always associated with transmit diversity transmission scheme, while DCI format 0 is always based on SIMO. This setting is deemed necessary such that at any given subframe, regardless of RRC configuration and reconfiguration, there is always one DCI format for each link (DL and UL) that eNB can use to communicate with the UE. This can prevent a potential ambiguous duration when a UE is under RRC reconfiguration, during which the eNB may not know exactly the UE status regarding when the new configuration becomes effective. This is illustrated Figure 1.
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Figure 1: Illustration of unspecified RRC reconfiguration duration and non-interrupted eNB-UE link in between

In LTE-A, a UE may be configured with multiple CCs. The transmission of PDSCH on one CC can be signalled by PDCCH on a different carrier (cross-carrier scheduling). The cross-carrier control is realized via an explicit cross-carrier indicator field (CIF) in PDCCH. So far, the following has been agreed regarding the introduction of CIF in PDCCH 

· The presence of the carrier-indicator is semi-statically enabled

· Configuration for the presence of CIF is UE specific (i.e. not system-specific or cell-specific)
· CI to CC mapping is configured by RRC

· At least one carrier should operate during reconfiguration of the CI-to-CC mapping
· CIF (if configured) is a fixed 3-bit field

· CIF (if configured) location is fixed irrespective of DCI format size. 

· Cross-carrier assignments can be configured both when the DCI formats have the same or different sizes

· There will be an upper limit on the total number of blind decodes
· Cross carrier scheduling for DCI format 0, 1, 1A, 1B, 1D, 2, 2A, 2B in UE specific search space should be supported by explicit CIF

· CIF is not included in DCI format when CRC scrambled by SI-RNTI 

· CIF is not included in DCI format 0, 1A in common search space when CRC is scrambled by C-RNTI/SPS C-RNTI.
The introduction of CIF in a PDCCH inevitably changes the DCI format size and results in a new DCI format. When a UE is semi-statically reconfigured from CIF-less to with CIF operation (or vice versa), there is no longer a common DCI format per link maintaining non-ambiguous eNB-UE communication in the UE-specific search space, as shown in Fig.2. 
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Figure 2: Illustration of CIF re-configuration, during re-configuration, there is no common DCI format in the UE-specific search space per link for seamless transition
During this RRC configuration, to provide fallback operation, some straight forward approaches for the reconfiguration ambiguity (transition) period are
· Utilize DCI format 1A/0 in UE common search space, since CIF is never included for these formats in the common search space
· eNB to transmit two DCI format sizes in the UE-specific space addressing the same PDSCH, one with CIF and the other one without CIF
· Sequential reconfiguration of CCs, so that the last CC is reconfigured only after the conformation of the completed reconfiguration of the other one(s) is received.
The above approaches are simple, they use Rel-8/9 mechanisms, and bear no impact on the cross-carrier operation and blind decoding in the steady state (non-transition) operation. On the other hand, the concerns are mainly in terms of the following
· Common search space is typically crowded, as it has to be shared with broadcast signalling (such as system information broadcast, RACH response, group power control, etc).

· There are only two CCE levels in the common search space, namely, 4 and 8. This is in contrast to two more levels in the UE-specific search space (1 and 2). Scheduling in the common search space thus has to at least 4 CCEs, which may be inefficient

· Use of additional DCI formats may put additional burden on PDCCH
· Delay in reconfiguring multiple CCs.

We believe that the above mentioned concerns are not an issue for the purpose of addressing the reconfiguration ambiguity. The reconfiguration ambiguity is not anticipated to occur often, therefore, e.g., using the common search space or doubling the grants during that time is not expected to cause any significant impact. Moreover, scheduler activity may be adapted accordingly during the reconfiguration ambiguity to alleviate potential problems.
Other methods such as using RACH procedure or restricting one CC to always CIF-less operation [1] seem too drastic solutions to the reconfiguration ambiguity problem. 
The first method results in flushing of RLC buffers, while the second one may have an impact to the blind decoding (e.g. if two CCs share the search space(s) and have the same Tx mode and bandwidth, the number of required blind decodes is Nsc, while if one is imposed to operate without CIF, the number of required blind decodes is 2 Nsc). 
3
Summary 
In this document we addressed the question of how to operate during the reconfiguration period when a UE is semi-statically reconfigured from CIF-less to with CIF operation (or vice versa), and there is no common DCI format per link maintaining non-ambiguous eNB-UE communication in the UE-specific search space.
Based on the conclusions, we see no compelling need to have standardized solutions to the raised problem. Instead, there is a number of solutions that would avoid the ambiguity problem in the transient where the CIF use is (re-)configured. The following is a list of possible implementation based solutions: 
· Utilize DCI format 1A/0 in UE common search space

· eNB to transmit two DCI format sizes in the UE-specific space addressing the same PDSCH, one with CIF and the other one without CIF

· Sequential reconfiguration of CCs, so that the last CC is reconfigured only after the conformation of the completed reconfiguration of the other one(s) is received
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