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1 Introduction
In this document, we discuss the UE behaviour when a DL assignment using EPDCCH fully overlaps with the PRBs carrying the EPDCCH.
2  Discussion 
2.1 UE interpretations in overlapped DL assignment with EPDCCH
According to [1], PDSCH is rate-matched around any physical resource-block pair(s) carrying an EPDCCH associated with the PDSCH. In other words, when a DL assignment using EPDCCH partially overlaps with the PRBs carrying the EPDCCH, the UE assumes that the PDSCH according to the DL assignment by the EPDCCH is rate-matched around the PRBs carrying the EPDCCH associated with the DL assignment, while the remaining PRBs of the DL assignment are used for PDSCH transmission. 
Figure 1 and Figure 2 depict the cases when a DL assignment using EPDCCH partially overlaps with the PRBs carrying the EPDCCH for normal PDSCH and for SPS PDSCH, respectively. It is assumed that the EPDCCH is carried on PRB#m and the DL assignment on PRB#m, PRB#m+1, and PRB#m+2. Regarding the normal PDSCH in Figure 1, the UE behaviour is apparent by rate-matching around PRB#m carrying an EPDCCH and by PDSCH transmission on PRB#m+1 and #m+2 according to [1]. Likewise for the SPS PDSCH case in Figure 2 in the subframe for SPS activation, the UE behaviour is clear by rate-matching around PRB#m carrying an EPDCCH and by PDSCH transmission on PRB#m+1 and PRB#m+2 according to [1] and by storing the DL assignment corresponding to PRB#m, PRB#m+1, and PRB#m+2 as configured DL assignment according to[2]. In the following subframes for SPS PDSCH, UE assumes the SPS PDSCH transmission on the configured DL assignment PRB#m, PRB#m+1, and PRB#m+2.
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Figure 1 DL assignment partially overlaps with the PRBs carrying the EPDCCH (normal PDSCH)
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Figure 2 DL assignment partially overlaps with the PRBs carrying EPDCCH (SPS PDSCH)

Observation 1: When a DL assignment using EPDCCH partially overlaps with the PRBs carrying the EPDCCH, the UE interpretation and behaviour are clear according to the specifications in [1] and [2].
On the other hand, when a DL assignment using EPDCCH fully overlaps with the PRBs carrying the EPDCCH, there might be two different interpretations by the UE in the subframe carrying the EPDCCH:
· Interpretation (1): The UE assumes the DL assignment is valid.
· Interpretation (2): The UE assumes the DL assignment is not valid.

Interpretation (1) is based on the potential rate-matching behaviour as described in the specification [1]. The UE will send NACK for null-PDSCH (since the decoding fails) and it may be able to decode the PDSCH via retransmission as a part of the HARQ procedure. In the subframe for SPS activation, the UE stores the DL assignment as configured DL assignment. In the following SPS PDSCH transmissions, the UE may assume the SPS PDSCH transmission on the configured DL assignment. 
Interpretation (2) is based on the potential UE assumption that the DL assignment is invalid since there are no available PRBs in the concerned subframe. In consequence, the UE will assume that this is an error case and will discard the EPDCCH as consistent control information is not detected [3]. 
The above two interpretations are illustrated in Figure 3 and Figure 4 for normal PDSCH and SPS PDSCH, respectively.
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Interpretation (1):Valid DL assignment

Interpretation (2):Erroneous DL assignment


Figure 3 DL assignment fully overlapps with the PRBs carrying the EPDCCH (normal PDSCH)
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Interpretation (2):Erroneous DL assignment

Interpretation (1):Valid DL assignment


Figure 4 DL assignment fully overlaps with the PRBs carrying the EPDCCH (SPS PDSCH)
Observation 2: When a DL assignment using EPDCCH fully overlaps with the PRBs carrying the EPDCCH, there might be two different interpretations and behaviours by the UE:

· Interpretation (1): The UE assumes the DL assignment is valid.

· Interpretation (2): The UE assumes the DL assignment is not valid.
2.2 Potential Impact on eNB and UE
From the eNB perspective, if the fully overlapped case discussed in Section 2.1 is valid (Interpretation (1)), the eNB cannot speculate which behaviour is assumed at the UE. However, it is likely that the eNB will not generate that problematic case in the first place by appropriate considerations during scheduling.
However, from the UE perspective, it needs to be clarified which behaviour should be followed since the UE implementation must consider all possible cases, unless specified, regardless of how frequently they happen. Considering that the fully overlapped case is not likely to be generated by the eNB, one of the following two options can be considered as the proper UE behaviour in the specification:
· Option 1: Specify that the UE behaviour is unspecified when a DL assignment using EPDCCH fully overlaps with the PRBs carrying the EPDCCH.

· Option 2: Specify that the UE assumes this is an inconsistent case when a DL assignment using EPDCCH fully overlaps with the PRBs carrying the EPDCCH.

3 Conclusions
 In this document, the UE interpretation and behaviour is discussed when a DL assignment using EPDCCH partially and fully overlaps with the PRBs carrying the EPDCCH both for normal PDSCH and for SPS PDSCH. From the discussion in Section 2, the followings two observations are made:

Observation 1: When a DL assignment using EPDCCH partially overlaps with the PRBs carrying the EPDCCH, the UE interpretation and behaviour are clear according to the specifications in [1] and [2].
Observation 2: When a DL assignment using EPDCCH fully overlaps with the PRBs carrying the EPDCCH, there might be two different interpretations and behaviours by the UE:

· Interpretation (1): The UE assumes the DL assignment is valid.

· Interpretation (2): The UE assumes the DL assignment is not valid.
As a result, a UE might be puzzled on the behaviour due to two possible implementations in case when a DL assignment by EPDCCH is fully overlapped with the PRBs carrying an EPDCCH while there may be no issue at eNB by not making the circumstance. It is noted that the UE implementation must consider all possible cases, unless specified, regardless whether it frequently happens or not, and in consequence it is foreseen that the UE behaviour needs to be clarified in the case. Therefore, it is proposed:
· RAN1 agree on one of the following two options:

· Option 1: Specify that the UE behaviour is unspecified when a DL assignment using EPDCCH fully overlaps with the PRBs carrying the EPDCCH.

· Option 2: Specify that the UE assumes this is an inconsistent case when a DL assignment using EPDCCH fully overlaps with the PRBs carrying the EPDCCH.
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