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1 Introduction

In RAN1#67, it was agreed that both localized and distributed transmission of the E-PDCCH are supported. In this contribution, we provide further details on the UE-specific search space (USS for short hereafter) for E-PDCCH.
2 Discussion
The UE blindly decodes two DCIs in the USS. One is TM dependent DCI and the other is fallback DCI, i.e. DCI format 0/1A. In Rel-10, downlink control information is transmitted only on PDCCH and PDCCH supports distributed transmission only. 
In Rel-11, downlink control information could be transmitted on PDCCH and/or E-PDCCH. Furthermore, E-PDCCH supports two transmission schemes, i.e. distributed and localized transmission. For TM dependent DCI, proper transmission scheme would depend on the TM of PDSCH, CSI feedback mode, etc. On the other hand, distributed transmission would be desirable for fallback DCI. Based on the discussion above, Table 1 shows possible combinations of transmission scheme and physical channel in the USS.

Table 1: Combinations of transmission scheme and physical channel in the USS
	
	TM dependent DCI
	Fallback DCI

	Case 1 
	Distributed TX on PDCCH
	Distributed TX on PDCCH

	Case 2-1
	Distributed TX on E-PDCCH
	Distributed TX on PDCCH

	Case 2-2
	Distributed TX on E-PDCCH
	Distributed TX on E-PDCCH

	Case 3-1
	Localized TX on E-PDCCH
	Distributed TX on PDCCH

	Case 3-2
	Localized TX on E-PDCCH
	Distributed TX on E-PDCCH

	Case 3-3
	Localized TX on E-PDCCH
	Localized TX on E-PDCCH


Case 1 is the legacy operation and it shall be supported for backward compatibility. Regarding the other cases where E-PDCCH is used for TM dependent DCI, five cases could be considered as shown in Table 1. It is, however, too complex to support all cases from the specification perspective, even though each case would have its own usage. The USS design depends on the supported combinations of transmission scheme and physical channel. Hence it is necessary to downselect the supported combinations in the USS before search space design is discussed in detail.
Proposal 1: Downselect the supported combinations of transmission scheme and physical channel in the USS.
Regarding the distributed transmission on E-PDCCH for TM dependent DCI, fallback DCI could be transmitted on either PDCCH or E-PDCCH. For Case 2-1, PDCCH is used for fallback DCI. Hence there is no issue on reconfiguration of E-PDCCH. On the other hand, Case 2-1 may not be applicable when PDCCH capacity is limited. Moreover, additional channel estimation and detection is needed as physical channels are different for two DCIs.
For Case 2-2, the same physical channel and transmission scheme are used for two DCIs. Thus there is no additional channel estimation and detection. Case 2-2 is applicable when PDCCH capacity is limited. However reconfiguration of E-PDCCH may be a problem. We prefer to support Case 2-2 for the simple implementation and wide range of usage scenario.
Regarding the localized transmission on E-PDCCH for TM dependent DCI, Case 3-1, Case 3-2 and Case 3-3 could be considered. For Case 3-1 and Case 3-2, different transmission schemes are applied to both DCIs and these transmission schemes would be resource efficient to each DCI. On the other hand, additional channel estimation and detection is needed as (E-)PDCCH candidates is different for two DCIs. 
For Case 3-1, there is no issue on reconfiguration of E-PDCCH as PDCCH is used for fallback DCI. It, however, may not be applicable when PDCCH capacity is limited.
For Case 3-2, it would be necessary to define separate search space for each DCI, and thus signaling overhead would be increased. Furthermore reconfiguration of E-PDCCH may be a problem.
For Case 3-3, single transmission scheme, i.e. localized transmission is used for both DCIs. Single search space is enough for both DCIs and E-PDCCH candidates are the same for both DCIs. Hence there are no additional channel estimation and detection. Signaling overhead would be lower than Case 3-2. For fallback DCI, Case 3-3 would require more resource than Case 3-1 and Case 3-2 as localized transmission is used. Moreover reconfiguration of E-PDCCH may be a problem. We prefer to support Case 3-3 for the simple implementation and wide range of usage scenario though it may be resource inefficient for fallback DCI.
Proposal 2: Support the single physical channel, i.e. E-PDCCH for both TM dependent DCI and fallback DCI in the USS.
Proposal 3: Support the same transmission scheme (i.e. localized or distributed transmission) on E-PDCCH for both TM dependent DCI and fallback DCI in the USS.
3 Conclusion
We have discussed the transmission schemes and physical channels for DCIs in the USS. To conclude this we have the following proposals:
· Proposal 1: Downselect the supported combinations of transmission scheme and physical channel in the USS.
· Proposal 2: Support the single physical channel, i.e. E-PDCCH for both TM dependent DCI and fallback DCI in the USS.
· Proposal 3: Support the same transmission scheme (i.e. localized or distributed transmission) on E-PDCCH for both TM dependent DCI and fallback DCI in the USS.
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