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1 Introduction 
In [1] we discussed the need for a common search space for the ePDCCH, and concluded that the search space of the ePDCCH should be entirely UE-specific.

In this contribution we discuss in more detail suitable ways to design a UE-specific search space for the ePDCCH. 
2 Discussion
The PDCCH search space in Rel-8 is defined in terms of CCEs which are mapped to transmission resources in the time-frequency space. There is no possibility for SU-MIMO or MU-MIMO on the PDCCH, and transmit diversity is configured cell-specifically; therefore there is no need for a spatial dimension to the search space mapping for the legacy PDCCH. 

By contrast, it has been agreed that the ePDCCH should be able to support increased control channel capacity and be able to achieve improved spatial reuse of the control channel resource. In order to achieve this, it is desirable that the ePDCCH should support both SU-MIMO operation (i.e. multiple spatially-separable DCI messages in the same time-frequency resources to a given UE) and MU-MIMO operation (i.e. spatially-separable DCI messages in the same time-frequency resources to different UEs). 
For simplicity, we do not currently see it to be necessary to support SU-MIMO between ePDCCH and PDSCH (i.e. ePDCCH and PDSCH to a given UE should be scheduled on different time-frequency resources; note that MU-MIMO between ePDCCH and PDSCH may be possible in a UE-transparent way, and we do not discuss this aspect further in this tdoc). 

Proposal 1: SU-MIMO between ePDCCH and PDSCH is not supported. 

It is also desirable to support transmit diversity on the ePDCCH (e.g. SFBC using two UE-specific RS ports).
In order to support SU-MIMO, MU-MIMO and transmit diversity, it is necessary to introduce a spatial dimension to the search space mapping for ePDCCH. This can, for example, be in terms of antenna ports. It was agreed in RAN1#67 that the UE-specific antenna ports 7-10 will be used for the ePDCCH. 

However, it does not seem appropriate to increase the total size of the search space (i.e. the total number of blind decodings) by a factor of 4 just because up to 4 antenna ports may be used. 

We therefore propose that the maximum number of blind decodings for the ePDCCH should be agreed, and this should be independent of the number of antenna ports configured. Hence, if the UE has to search on 2 or 4 different antenna ports, the number of time-frequency candidates to be searched per antenna port should be reduced accordingly. For example, if the number of time-frequency candidates in the ePDCCH UE-specific search space were to be set at 16 (for example), then the number of time-frequency candidates in the ePDCCH UE-specific search space per antenna port would be as shown in Table 1.
Table 1: Example numbers of ePDCCH search space candidates per antenna port if the total number of candidates per DCI format were to be set at 16

	Number of antenna ports configured for ePDCCH
	Number of ePDCCH UE-specific search space candidates per antenna port (per DCI format)
	Example numbers of ePDCCH UE-specific search space candidates per antenna port at each aggregation level

	
	
	AL1
	AL2
	AL4
	AL8

	1
	16
	6
	6
	2
	2

	2
	8
	3
	3
	1
	1

	4
	4
	2
	1
	1
	0


Proposal 2: The maximum number of blind decodings for the ePDCCH is independent of the number of configured antenna ports. If the UE’s search space is configured to include more than one antenna port, the number of ePDCCH time-frequency candidates per antenna port is reduced accordingly. 
A further factor to consider is whether the candidates in the search space on different antenna ports should overlap in time-frequency resources or not. 

In [2] it was proposed that there should be an implicit association between time-frequency resources and antenna ports, whereby a given time-frequency resource would be associated with a single antenna port. However, such an implicit association would not facilitate SU- or MU-MIMO operation for the eDPCCH. SU-MIMO operation requires multiple antenna ports to be able to be associated with a given time-frequency resource for a given UE, and MU-MIMO operation requires the antenna port for a given time-frequency resource to be configurable for each UE.
In general, a search space optimised for SU-MIMO operation would consist of candidates using the same time-frequency resources on all the configured antenna ports, whereas a search space optimised for MU-MIMO would use different time-frequency resources for each configured antenna port. 

A straightforward way to allow the search space to be configured for SU- or MU-MIMO or a mixture of the two, depending on traffic loading and scheduler requirements, is to index the total set of CCEs on each antenna port independently. The starting position index of the search space on antenna port #7 may be derived according to a hashing function of the UE ID like in Rel-8. The starting position indices of the search spaces on the other antenna ports may be offset from the starting position index on antenna port #7. The size of the offset could be semi-statically configurable, so as to control the amount of overlap between the search spaces on the different antenna ports; the size of the offset could further be configurable per aggregation level (assuming that multiple aggregation levels are provided for the ePDCCH – note that the number and range of aggregation levels needed for the ePDCCH requires further study).

This is illustrated in Figures 1 to 3.
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Figure 1: Example of search spaces aligned between antenna ports (i.e. zero offset, optimised for SU-MIMO)
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Figure 2: Example of search spaces fully offset between antenna ports (i.e. optimised for MU-MIMO)
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Figure 3: Example of search spaces partially offset between antenna ports, and with different offsets per aggregation level
Proposal 3: The CCEs of the ePDCCH are indexed independently per antenna port. 
Proposal 4: The starting position index of the ePDCCH search space on each antenna port is a function of the UE ID (like for the PDCCH).

Proposal 5: A semi-static offset may be configured between the starting CCE indices of a UE’s ePDCCH search space on each configured antenna port. The size of the offset could be configurable per aggregation level (assuming that multiple aggregation levels are provided for the ePDCCH).
In addition, the set of antenna ports for the ePDCCH should be semi-statically configurable. 

Proposal 6: The set of antenna ports for the ePDCCH should be semi-statically configurable.
Finally, it is necessary to consider how to incorporate transmit diversity into the ePDCCH search space. Unlike in Rel-8/9/10, transmit diversity for the ePDCCH can be configured UE-specifically. Moreover, it may be beneficial to enable the ePDCCH for a given UE to change dynamically between TxD and non-TxD from subframe to subframe depending on propagation conditions or the required robustness of the DCI, without requiring an RRC reconfiguration. One way to achieve this could be to allow the search space for a given UE to include both TxD candidates and non-TxD candidates.
Proposal 7: The ePDCCH search space for a given UE may be configured to include both TxD candidates and non-TxD candidates.
3 Conclusion

In this contribution we have discussed some detailed design principles for the ePDCCH search space, and make the following proposals:
Proposal 1: SU-MIMO between ePDCCH and PDSCH is not supported. 

Proposal 2: The maximum number of blind decodings for the ePDCCH is independent of the number of configured antenna ports. If the UE’s search space is configured to include more than one antenna port, the number of ePDCCH time-frequency candidates per antenna port is reduced accordingly. 
Proposal 3: The CCEs of the ePDCCH are indexed independently per antenna port. 

Proposal 4: The starting position index of the ePDCCH search space on each antenna port is a function of the UE ID (like for the PDCCH).

Proposal 5: A semi-static offset may be configured between the starting CCE indices of a UE’s ePDCCH search space on each configured antenna port. The size of the offset could be configurable per aggregation level (assuming that multiple aggregation levels are provided for the ePDCCH).
Proposal 6: The set of antenna ports for the ePDCCH should be semi-statically configurable.

Proposal 7: The ePDCCH search space for a given UE may be configured to include both TxD candidates and non-TxD candidates.
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