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1. Introduction

In RAN1#58 meeting, the following way forward was agreed [1][2].
	· 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.


An action item from the way forward is to study solutions to PCFICH detection errors on the component carrier carrying PDSCH (hereinafter simply referred to as PDSCH carrier, and similarly component carrier carrying PDCCH for a cross-carrier scheduling is referred as to PDCCH carrier).
When a cross-carrier-scheduled UE succeeds the reception of PDCCH but fails the PCFICH detection of the PDSCH carrier, the UE stores incorrectly received PDSCH in its buffer and sends NACK to the eNodeB. The eNodeB re-transmits PDSCH to the UE with a new redundancy version. As a result, HARQ combining error happens [3][4]. On the other hand, it is roughly estimated that PDSCH error probabilities are almost the same for non-cross-carrier and cross-carrier scheduling and concluded that special treatment is not needed to resolve the additional PCFICH false detection with cross carrier scheduling [5].
The present contribution shows some solutions and our preference.

2. Solutions to PCFICH detection error
A solution falls on either implementation approach or standardisation approach.
2.1. Implementation approach

· Approach 1: If PDSCH reception and decoding is failed, the UE just sends NACK on UL. 

                           UE doesn’t make special efforts.
· Approach 2: The UE tries blind decoding of PDSCH on every CFI value of 1, 2 and 3 (or 2, 3 and 4 for system BW of 6RBs) in every scheduled PDSCH carrier subframe.
· Approach 3: Cross-carrier scheduling is not applied to UEs in poor SINR conditions.
These approaches don’t demand standardisation efforts. With Approach 1, HARQ combining error can happen as the eNodeB re-sends the PDSCH with a new RV. With Approach 2, although the HARQ combining error can be avoided, the amount of signal processing by UE increases.
PCFICH detection error can happen in Rel’8 LTE already. In the case of Rel’8, implicit PCFICH detection error check can be done via PDCCH blind detection. And UE may be able to detect PCFICH detection error and send DTX not NACK to the eNodeB. The PCFICH detection error issue has been left to implementation.

In the case of LTE-A cross-carrier scheduling, such an implicit error check might be impossible. And HARQ combining error can happen. However, this issue could be left to implementation again in LTE-A.
2.2. Standardisation approach

· Approach 4: The CFI value of PDSCH carrier is explicitly transmitted on the PDCCH.

· merit: If the UE succeeds in decoding PDCCH, it surely obtains the CFI value of PDSCH carrier.

· demerit: Additional radio resource (2 bits) is used. The same information is redundantly transmitted. The overhead due to the redundant transmission increases with respect to the number of cross-carrier scheduled UE.

· Approach 5: The CFI value of PDSCH carrier is implicitly transmitted on the PDCCH. An example is that the CRC of the PDCCH is masked with a CFI-specific sequence plus UE-ID.

· merit: Additional radio resource is not consumed. 

· demerit: Blind decoding attempts increases.  (In the example above, the sequence by which the CRC is masked can coincide with the UE-ID of other UE.)
· Approach 6: The two component carriers for a cross-carrier scheduled transmission are made to have the same CFI value. The LTE-A specifications clearly state that a UE can always assume the pair of PDCCH and PDSCH carriers for a cross-carrier scheduled transmission have the same CFI value. (Note: All the component carriers belonging to an LTE-A cell don’t necessarily have to have the same CFI value in a subframe.)
· merit: Additional radio resource is not consumed.

· demerit: Cross-carrier scheduling flexibility is reduced.

Some resource elements in PDCCH area of PDSCH carrier can be wasted if the PDSCH carrier doesn’t have to have the same CFI value as the PDCCH carrier does.
· Approach 7: PDSCH under cross-carrier scheduling is transmitted on one of pre-determined component carriers only. The pre-determined component carriers may have time-invariant CFI value. The CFI value is informed to UE via higher-layer signalling.
· merit: UE can know the CFI value of the scheduled PDSCH carrier in advance.
· demerit: Cross-carrier scheduling flexibility is reduced. The radio resource for the higher-layer signalling is consumed. 
· Approach 8: The mapping of resource elements for cross-carrier scheduled PDSCH starts on the 4th OFDM symbol (or the 5th for system BW of 6RBs).
· merit: UE always knows the position where the PDSCH starts in the PDSCH carrier subframe. 
· demerit: If the CFI value of the PDSCH carrier is not 3, some REs may be wasted.
(The REs could be used by mapping the last part of data block to the 3rd (and 2nd) OFDM symbol [7].)
· Approach 9: PDSCH under cross-carrier scheduling would be transmitted on PDCCH-less component carrier if used.

· merit: UE can assume that the CFI value of the PDSCH carrier is 0 as long as the UE surely know the scheduled PDSCH carrier is a PDCCH-less component carrier.
· demerit: PDCCH-less component carriers have to be introduced.  (However, PDCCH-less component carriers may bring some benefits to a cell with a small number of UE [6].)
Approach 9 appears to stand differently from the other standardisation approaches. If PDCCH-less component carrier is introduced in the LTE-A, a cross-carrier scheduling involving a PDCCH-less carrier may be free from the PCFICH detection error issue. (Note: PCFICH detection issue in PDCCH carrier still remains as does in Rel’8.) The decision on whether PDCCH-less carrier is introduced can be made separately from the discussion on the solutions to PCFICH detection error.
3. Our preference
Our current preference is not strong, which is that the PCFICH detection error issue should be left to implementation.
If we take a standardisation approach, we prefer Approach 4 where the CFI value of PDSCH carrier is explicitly transmitted on PDCCH. We want to avoid adopting Approaches 6 and 7 as these can reduce flexibility in cross-carrier scheduling.
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