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1. Introduction
In RAN1 #67 meeting, there were several proposals for multiplexing between PDSCH and E-PDCCH. In [1] and [2], E-PDCCH and PDSCH can be multiplexed within a PRB pair, and this seems to be reasonable scheme from the viewpoint of resource utilization because one PRB pair is too large for one E-PDCCH. In this document, we discuss the interpretation of existing resource assignment (i.e. RA bit) when E-PDCCH and PDSCH are multiplexed within a PRB pair. 
2. Discussions
In order to introduce E-PDCCH, we assume that a PRB pair can be divided into small resource units, and Figure 1 shows an example of resource allocation. (The legacy PDCCH can be removed for new carrier type.) It is noted that various resource set partitioning schemes including Figure 1 (e.g. FDM, TDM, FDM/TDM, R-PDCCH like …) can be considered for E-PDCCH transmission. The “resource set” in this figure means a set of REs which is the basic unit of E-PDCCH transmission (e.g. 1 CCE = 36 REs). REs constituting a resource set may come from same PRB pair or multiple PRB pairs depending on the detailed E-PDCCH design. If E-PDCCH is multiplexed with PDSCH within a PRB pair, resource set 0 can be used for E-PDCCH transmission, and the rest of the resource, i.e. resource set 1 and 2, can be merged into one resource set for PDSCH transmission. 
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Figure 1. Resource allocation for E-PDCCH transmission
There are two resource allocation methods according to resource assignment granularity in current specification, the RB-based resource assignment (e.g. resource allocation type 1 and 2) where the resource assignment granularity is one PRB pair and RBG-based resource assignment (e.g. resource allocation type 0) where the resource assignment granularity is 1~4 PRB pairs. 
In the RB-based resource assignment, the interpretation of existing resource assignment is straightforward; if the RA field indicates PDSCH assignment in PRB pair containing DL grant, the residual resources (which are not used for the DL grant transmission) are used for PDSCH transmission, otherwise the residual resources are not used for PDSCH transmission, e.g., for using those resources for UL grant of the UE. 
However, in the case of RBG-based resource assignment, further clarification is needed in order to enable each UE to figure out the usage of multiple PRBs in RBG. We present our views about the usage of the PRB pairs, other than PRB for DL grant, in RBG containing DL grant, assuming that the residual resources of the PRB for DL grant is reserved for non-PDSCH transmissions (e.g., UL grant) when RA=0 as mentioned above. Our view is to use non-E-PDCCH PRBs for PDSCH transmission regardless of RA bit and is illustrated in Figure 2. (It is assumed that E-PDCCH is transmitted with non-interleaved mode and one RBG is assumed to consist of 3 PRB pairs. The details of interleaved mode and non-interleaved mode for E-PDCCH are discussed in [3] and [4].) In fact, it is in line with one of the main motivation of non-interleaving mode which is to exploit the frequency selective scheduling gain. Selecting a RBG for E-PDCCH transmission naturally means that the channel response of that RBG is relatively better than that of the other RBGs. In the perspective of channel gain, there is no reason to use other PRBs instead of the non-E-PDCCH PRBs in the RBG to transmit PDSCH for the UE whose DL grant is in the RBG. Thus, it is preferable that UE employs this method, i.e., it always assumes that eNB transmits data in the PRB pairs (other than the E-PDCCH PRB pair) within a RBG where a DL grant is transmitted. On the other hand, the residual resources of E-PDCCH PRB pair are used to transmit UE data only when RA bit indicates 1. In Figure 2, TDM type resource allocation is described as an example, but any other types can be applied in similar way. 
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Figure 2. Resource assignment in non-interleaved E-PDCCH mode
The application of the above-mentioned interpretation can be dependent on the E-PDCCH transmission mode. As discussed above, the operation in Figure 2 is in line with the motivation of non-interleaved E-PDCCH transmission mode which targets frequency selective scheduling. However, in interleaved E-PDCCH case, unlike non-interleaved E-PDCCH case, E-PDCCHs of multiple UEs are fragmented into a small size REGs and cross-interleaved altogether, so it is difficult to use REs in the PRBs containing DL grant for the purpose of PDSCH. Thus, a simple way to interpret RA bit in interleaved E-PDCCH is that the UE assumes no PDSCH transmission on non-E-PDCCH PRBs in RBG: no PDSCH is transmitted in the RBG if RA=0, PDSCH is transmitted on PRBs not containing DL grant if RA=1. Figure 3 describes an example for interleaved E-PDCCH case, as shown in this figure, PDSCH transmission on non-E-PDCCH PRBs for UE0 can be determined by RA bit and E-PDCCHs for multiple UEs are interleaved in E-PDCCH PRB.
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Figure 3. Resource assignment in interleaved E-PDCCH mode
3. Conclusion
We discussed the interpretation of existing resource assignment (i.e. RA bit) when E-PDCCH is multiplexed with PDSCH in the same PRB pair. Multiplexing between E-PDCCH and PDSCH within a PRB pair is useful from the viewpoint of resource utilization, and a slight modification to the interpretation of existing resource assignment enables the indication of the intra-PRB PDSCH allocation without additional signalling.
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