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1 Introduction

In RAN1#67, there was some progress on reference signals of enhanced PDCCH (E-PDCCH for short hereafter). The other issues of E-PDCCH such as search space, multiplexing with PDSCH and multiplexing of different DCI messages need to be discussed further.
For search space design, it is necessary to down-select supported transmission schemes and channels for DCIs, before search space design is discussed in detail. In this contribution, we address the transmission schemes and channels for DCIs in the UE-specific search space. Common search space is discussed in the companion paper [1].
2 Transmission schemes and channels in the UE-specific search space
DCI and transmission scheme of (E-)PDCCH
Contrary to PDCCH which supports only robust transmission, E-PDCCH supports two types of transmission, i.e. robust and channel-aware transmission. These two types correspond to distributed and localized transmission which was agreed in RAN1#67.
The UE blindly decodes two DCIs in the UE-specific search space. One is TM dependent DCI and the other is fallback DCI. For TM dependent DCI, proper type of transmission depends on the TM of PDSCH. On the other hand, robust transmission is desirable for fallback DCI.
Based on the discussion above, Table 1 shows possible cases of transmission scheme and channel for two DCIs in Rel-11.
Table 1: Several cases of transmission scheme and channel for DCIs
	
	TM dependent DCI
	Fallback DCI

	Case 1 
	Robust TX on PDCCH
	Robust TX on PDCCH

	Case 2
	Robust TX on E-PDCCH
	Robust TX on E-PDCCH

	Case 3
	Channel-aware TX on E-PDCCH
	Robust TX on PDCCH

	Case 4
	Channel-aware TX on E-PDCCH
	Robust TX on E-PDCCH

	Case 5
	Channel-aware TX on E-PDCCH
	Channel-aware TX on E-PDCCH


Supported cases of transmission scheme and channel
Case 1 is the legacy operation, and thus it should be supported for backward compatibility. Some of Cases 2 – 5 can be supported since there are several scenarios where PDCCH capacity is limited or PDCCH is not available. Case 2 needs to be supported since it is the only robust transmission on E-PDCCH for TM dependent DCI.
Proposal 1: Support Case 1 and Case 2 for (E-)PDCCH in Rel-11.
Regarding the channel-aware transmission on E-PDCCH for TM dependent DCI, which corresponds to Cases 3 – 5, there are three alternatives:
· Alt 1: Support Cases 3 and 4 only
· Alt 2: Support Case 4 only
· Alt 3: Support Case 5 only

For Cases 3 and 4, different transmission schemes are applied to both DCIs and these transmission schemes are preferable to each DCI. It, however, requires to define separate search space for each DCI. Consequently, signaling overhead would increase and related procedures would be complicated. Moreover, number of blind decoding would be split, and thus trunk efficiency would decrease.

Alt 1 supports Cases 3 and 4 only. Accordingly, the eNB needs to inform the UE which channel is used for fallback DCI depending on the availability of PDCCH. Though Alt 1 is flexible and resource efficient, it would make the standardization complex. On the other hand, Alt 2 supports only Case 4 regardless of the PDCCH availability. Alt 2 could be inefficient if the capacity of PDCCH is large enough. Alt 2, however, is simpler than Alt 1 in the standardization perspective.
For Alt 3, single transmission scheme, i.e. channel-aware transmission is used to both DCIs. Performance loss may occur as robust transmission would be more suitable for fallback DCI. Contrary to Alt 1 and Alt 2, single search space is enough for both DCIs. Signaling overhead is lower and trunk efficiency is better than Alt 1 and Alt 2.
UE-specific search space design heavily depends on the transmission schemes and channels supported as discussed above. It is necessary to select one of three alternatives before search space design is discussed in detail.
Proposal 2: Select one of three alternatives for (E-)PDCCH in Rel-11.

3 Conclusion
We have discussed the transmission schemes and channels for DCIs in the UE-specific search space. To conclude this we have the following proposals:
· Proposal 1: Support Case 1 and Case 2 for (E-)PDCCH in Rel-11.
· Proposal 2: Select one of three alternatives for (E-)PDCCH in Rel-11.
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