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1. Introduction

Carrier aggregation is one of the key features of LTE-Advanced to support wider bandwidth than supported by Rel-8 LTE. In Rel-8 LTE FDD, PDCCH transmission on a DL carrier corresponds to the PDSCH scheduling in the same DL carrier or the PUSCH scheduling in the linked UL carrier. However, in LTE-A, there may exist multiple DL component carriers (CCs) and multiple UL CCs in a cell and eNB should be able to schedule multiple DL/UL CCs to a UE in a subframe.
During RAN1 #58 meeting, a wayforward for introduction of cross CC scheduling by PDCCH was agreed[1]. Contents of this wayforward are summarized as below.

The following are supported:
· PDCCH on a component carrier assigns PDSCH resources on the same component carrier and PUSCH resources on a single linked UL component carrier

· No carrier indicator field

· i.e. Rel-8 PDCCH structure (same coding, same CCE-based resource mapping) and DCI formats

· PDCCH on a component carrier can assign PDSCH or PUSCH resources in one of multiple component carriers using the carrier indicator field

· Rel-8 DCI formats extended with 1 – 3 bit carrier indicator field

· Reusing Rel-8 PDCCH structure (same coding, same CCE-based resource mapping) 

· Solutions to PCFICH detection errors on the component carrier carrying PDSCH to be studied

· In both cases, limiting the number of blind decodings is desirable

The presence or not of the CI field is semi-statically enabled.
In this paper, based on the agreed wayforward, we discuss on configuration of bit width in the CI field and activation/deactivation of the CI.
2. Configuration of bit width in the CI field
During RAN1 #57bis meeting, introduction of UE-specific DL CC set has been already agreed. Regarding UE-specific UL CC set, we think it is general understanding that implicit/explicit assignment details are still FFS though UE-specific UL CC set is necessary. Here, UE-specific DL/UL CC set can be defined as the set of DL/UL CCs (configured by dedicated signalling or another manner) on which a UE may be scheduled to receive/transmit the PDSCH/PUSCH in the DL/UL. 
On the other hand, it was also concluded in RAN1 #57bis meeting that the need to define additional subsets for monitoring the PDCCH should be further discussed. Actually, considering the use of the CI, it seems to be reasonable that UE-specific PDCCH monitoring DL CC set on which a UE may detect/decode the PDCCHs for the DL assignment and UL grant is introduced, in order to limit the number of blind decodings corresponding to above wayforward. More specifically, by using the CI in PDCCHs on this set, the eNB can schedule PDSCHs/PUSCHs of all UE-specific DL/UL CCs for a UE. Correspondingly, the UE can perform detection/decoding of all PDCCHs scheduled to it only on this set. 
For actual application of the CI in the PDCCH, we can consider three alternatives for configuration of specific bit width in the CI field as below. 
Alt 1: Depending on cell-specific carrier configuration 
· For all the UEs in a cell, fixed CI bit width 
· For example, CI bit width should support all the DL/UL CCs in a cell
Alt 2: According to current UE-specific carrier assignments 
· Variable CI bit width according to current CC assignments (e.g. UE-specific DL/UL CC set, UE-specific PDCCH monitoring DL CC set, etc.)

· CI bit width can be automatically configured/recognized at the UE side (implicit manner)
· CI bit widths for DL assignment and UL grant may be independently determined (In case of UE-specific DL/UL asymmetric CC assignment)
Alt 3: Depending on the maximum UE carrier aggregation capability 

· For all PDCCHs of a UE, fixed CI bit width 
Among three alternatives above, alternative 2 seems reasonable to avoid unnecessary PDCCH DCI overhead due to the fixed CI bit width. For example, it can be assumed that 5 DL CCs are deployed in the cell, a UE has a capability of aggregating up to 5 DL CCs, and the eNB assigns UE-specific DL CC set consisting of 4 DL CCs and PDCCH monitoring set consisting of 2 DL CCs (DL CC #1 and #3) for the UE. Both alternatives 1 and 3 requires 3 bits for the CI field in all the PDCCHs regardless of UE-specific CC assignments. On the other hand, considering alternative 2, if each PDCCH monitoring DL CC is configured to cross-schedule all 4 DL CCs in UE-specific DL CC set, the CI bit width can be implicitly configured/recognized to 2 bits at the UE side. Moreover, if DL CC #1 is configured to cross-schedule two DL CCs (itself and DL CC #2) and DL CC #3 is configured to cross-schedule two DL CCs (itself and DL CC #4) in UE-specific manner, the CI bit width can be implicitly configured/recognized to 1 bit at the UE side. Cross-scheduling configuration according to the assignment of active DL CC set and PDCCH monitoring DL CC set may be fixed by a rule or configurable according to the further discussion. It should be noted that number of PDCCH blind decoding does not increase due to this implicit CI bit width configuration since CI bit width in a DL CC for a UE is fixed anyway. 
Accordingly, we suggest the followings: 
Suggestion #1: To limit the number of blind decodings by aid of the CI, introduction of UE-specific PDCCH monitoring DL CC set is needed 
Suggestion #2: Bit width of the CI field can be implicitly configured according to current UE-specific carrier assignments (e.g. UE-specific DL/UL CC set, UE-specific PDCCH monitoring DL CC set, etc.)
3. Activation/deactivation of the CI
Basically, before UE-specific CC assignment and/or activation of the CI, it seems to be natural that no CI field is configured in PDCCHs during initial access. More specifically, without the CI field, PDCCHs for PDSCH/PUSCH scheduling may be transmitted only through a DL CC on which a UE attempts/terminates the initial access. This can be regarded as default operation of UEs in multiple carrier aggregation situations. 
3-1. CI activation/deactivation

For activation/deactivation of the CI, two options can be considered as below. For easy explanation, UE-specific DL CC set and UE-specific PDCCH monitoring DL (or UL) CC set are denoted as “X” and “Y”, respectively. In general, size of “Y” (number of DL (or UL) CCs in “Y”) is assigned to be not larger than that of “X”. 
Opt 1: Implicit CI activation/deactivation (UE-specific)

· CI can be automatically activated/deactivated for each UE depending on contents of “Y” (e.g. size)

· For example, the CI in the PDCCH can be activated only if size of “Y” is smaller than that of “X” (Fig. 1)

· In case that size of “Y” is same with that of “X”, the CI is deactivated (cross CC scheduling between all CCs in the UE-specific DL/UL CC set is not permitted) 

Opt 2: Explicit CI activation/deactivation 
· CI is explicitly activated/deactivated by cell/UE-specific signalling 
· UE just follow the cell-specific or UE-specific signaling of CI command (CI on/off) on “Y” without any condition (Figs. 2 and 3)
· Even in case that size of “Y” is same with “X”, the CI can be activated (cross CC scheduling between all CCs in the UE-specific DL/UL CC set is feasible)

· However, FFS whether the above case will be necessary or not
Among two options above, option 1 seems preferable since it doesn’t require additional signalling for activation/deactivation of the CI. 

Accordingly, we suggest the following: 

Suggestion #3: The CI can be implicitly activated/deactivated according to relationship between current UE-specific carrier assignments (e.g. UE-specific DL/UL CC set, UE-specific PDCCH monitoring DL CC set, etc.)
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Fig. 1 : An example of UE-specific implicit CI activation/deactivation
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Fig. 2 : An example of explicit CI activation/deactivation (cell-specific)


[image: image3.emf]DL CC #1

DL CC #2

DL CC #3

UE #1 UE #2

Initial 

Access

eNB Indication

(UE #1 

à

CI 

“

ON

”

UE #2 

à

CI 

“

ON

”

)

Sub-frame

UE-specific 

DL CC (

“

X

”

)

UE-specific PDCCH 

Monitoring DL CC (

“

Y

”

)

Non-assigned 

DL CC

Possible CC 

Indication

UE #1 UE #2 UE #1 UE #2

eNB Indication

(UE #1 

à

CI 

“

ON

”

UE #2 

à

CI 

“

OFF

”

)


Fig. 3 : Another example of explicit CI activation/deactivation (UE-specific)

3-2. Other consideration
In multiple CC aggregation situations, it is also possible that each CC may have same or different BW each other. In this case, to achieve more frequency diversity for PDCCH scheduling and to alleviate CCE starvation problem on a small BW DL CC, PDCCHs for PDSCH/PUSCH scheduling of the small BW CC can be scheduled and transmitted on the DL CC with larger BW by using the CI. Thus, the CI can be activated/deactivated according to BW of CC. More specifically, the CI can be activated only on DL CC having larger BW (than other CCs or than specific BW), while DL CC with smaller BW just schedules only itself or does not schedule any CC. Correspondingly, larger BW DL CC can be included in PDCCH monitoring DL CC set.
4. Summary
For application of the CI for cross CC scheduling in multiple carrier aggregation situations, configuration and activation/deactivation of the CI are discussed in this paper. 

Initially, we suggest at this stage:
· Suggestion #1: To limit the number of blind decodings by aid of the CI, introduction of UE-specific PDCCH monitoring DL CC set is needed
· Suggestion #2: Bit width of the CI field can be implicitly configured according to current UE-specific carrier assignments (e.g. UE-specific DL/UL CC set, UE-specific PDCCH monitoring DL CC set, etc.)

· Suggestion #3: CI can be implicitly activated/deactivated according to relationship between current UE-specific carrier assignments (e.g. UE-specific DL/UL CC set, UE-specific PDCCH monitoring DL CC set, etc.)
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