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1. Introduction
In RAN1 #68 meeting, agreements for multiplexing with PDSCH were decided as follows [1]: 
Agreement from RAN1#68:

· E-PDCCH messages span both first and second slots with a restriction on the maximum number of TrCH bits receivable in a TTI (to allow a relaxation of the processing requirements for the UE).
· Details of how and when to restrict the maximum number of TrCH bits receivable in a TTI are FFS (for example when RTT>10us (FFS) or according to UE capability (FFS))
· Multiplexing of PDSCH and E-PDCCH within a PRB pair is not permitted.
The operation captured in the above agreement seems to be unclear and further clarification is needed in order to enable each UE to figure out the usage of PRB pairs in an assigned RBG. In this document, we discuss the interpretation of resource assignment when E-PDCCH and PDSCH are multiplexed within a RBG.
2. Discussions
There are three resource allocation types in current specification; resource allocation type 0, 1 and 2.

· Resource allocation type 0: In this allocation type, a bitmap for RBG-based resource assignment is used. The RBG consists of consecutive PRBs, and RBG size (i.e., resource assignment granularity) is dependent on system bandwidth. 
· Resource allocation type 1: Individual PRBs can be assigned in this allocation type, and this type can distribute the resources across the frequency domain for frequency diversity. One problem of this allocation type is that the Feature Group Indicator (FGI) of this feature is ‘false’, and this means that the Inter-Operability Testing (IOT) has not been successfully completed so far. Consequentially this feature is still remained as temporary optional feature and it is risky to rely on this allocation type for handling E-PDCCH/PDSCH overlapping issue. Even if the reliability of this allocation is guaranteed, it has the limitation that PDSCH should be assign to a subset of distributed RBGs which causes unnecessary scheduling restrictions, especially for frequency selective scheduling.
· Resource allocation type 2: A contiguous set of VRBs can be assigned in this allocation type. VRB-to-PRB mapping is either in a localized manner or distributed manner.
In resource allocation type 0, as E-PDCCH is likely to occupy a small number of REs (typically less than the REs in a PRB pair), one RBG is quite excessive for the transmission of a single DL assignment and there will be a lot of REs that can be used for PDSCH which is frequency-division multiplexed with the E-PDCCH. In the frequency selective transmission of E-PDCCH, resources which are used for E-PDCCH will be in a good channel condition and it does not seem reasonable to avoid scheduling PDSCH on resources which are around E-PDCCH resources. In the frequency distributed E-PDCCH transmissions, multiple RBGs will be affected by E-PDCCH transmissions and not using those RBGs for PDSCH transmissions will degrade the overall resource utilization.
Another point we need to consider is the resource allocation type 2 where a set of contiguous RBs are assigned to PDSCH. It will be quite difficult to avoid the overlap of E-PDCCH and PDSCH assignment purely by eNB scheduling in this case if a set of non-contiguous RBs are used for E-PDCCH transmissions as a result of distributed E-PDCCH transmission or frequency selective transmissions multiple E-PDCCHs.

Therefore, for the resource utilization efficiency and frequency selective transmission, it is reasonable that PDSCH is transmitted on PRB pairs which do not include E-PDCCH in assigned RBG (in resource allocation type 0) or assigned region (in resource allocation type 2).
In [2], the relay node procedures in similar conditions are defined as follows;
A relay node shall upon detection of an R-PDCCH intended for the relay node in a subframe, decode the corresponding PDSCH in the same subframe with the following assumptions. 

- If the relay node receives a resource allocation which overlaps a PRB pair in which a downlink assignment is detected in the first slot, the relay node shall assume that there is PDSCH transmission for it in the second slot of that PRB pair. 

- For a PRB pair where the relay node detects at least part of a downlink assignment in the first slot, the relay node shall assume that the first slot of the PRB pair is not used for PDSCH transmission.
In a similar manner to the relay node procedure, the UE procedure can be defined for the case of E-PDCCH and PDSCH multiplexing within resources assigned for PDSCH. So, we propose that if resources (which are assigned for PDSCH) include the E-PDCCH, the UE shall assume that there is PDSCH transmission for the UE in the rest of assigned resources. In addition, UE shall assume that PDSCH is not mapped to the PRB pair(s) used for E-PDCCH. Figure 1 illustrates one example of such operation in resource allocation type 0.
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Figure 1. An example of resource assignment in resource allocation type 0
3. Conclusion
In this contribution, we discuss the interpretation of resource assignment when E-PDCCH and PDSCH are multiplexed within a RBG. Our proposal based on the discussion is as follow:
Proposal: If resources (which are assigned for PDSCH) include the E-PDCCH, the UE shall assume that there is PDSCH transmission for the UE in the rest of assigned resources. In addition, UE shall assume that PDSCH is not mapped to the PRB pair(s) used for E-PDCCH.
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