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1. Introduction 
In RAN1 #70bis meeting,  some progress were made in terms of ePDCCH searching space design with the following agreements. 
Agreement (per CC):

· Maximum K = 2. KL and KD have following combinations: { KL = 1, KD = 0}, { KL = 0, KD = 1},  { KL = 1, KD = 1}, { KL = 0, KD = 2}, { KL = 2, KD = 0}.
· N = {2, 4, 8}

· N=8 is not supported when system bandwidth is <8 PRBs

· FFS whether further system bandwidth related restrictions to valid combinations of values of N and K can be agreed

· FFS until Friday whether to include N=16 for distributed (check on Thur). 

 Lot of efforts were devoted on the BD split between different EPDCCH sets, different aggregation levels (AL).  Some companies proposed to introduce RRC signaling to configure such split. However, no consensus could be reached. 
After such discussion, remaining issues related to EPDCCH search space design include 
· Split of EPDCCH BD
· ePDCCH candidates allocations
· Hashing function for the search space
· Transmit  DCI format 1A for fall back transmission
· Split of DCI format in ePDCCH
In this contribution, some of the above issues are discussed and our views/preference are presented.

2. Discussion on Remaining Issues for ePDCCH Searching Space Design
2.1. Allocating and transmitting ePDCCH candidates
In Rel-8, multiple aggregation levels (AL) could be supported for PDCCH transmission, and for each AL, multiple candidates could be used to transmit the PDCCH. The UE needs to search for different candidates at different aggregation level for its PDCCH until it decodes the PDCCH correctly.  As a PDCCH consists of multiple CCEs, and CCEs of different UE are multiplexed and interleaved before being mapped to the legacy PDCCH region, which occupies the first several OFDM symbols at each subframe, it is expected that PDCCH could exploit the diversity gain simply because its CCEs could be transmitted in different distributed resources across the whole PDCCH region. 
In ePDCCH transmission, the situation could be different as both localized and distributed ePDCCH transmission needs to be supported. For localized transmission, it is expected that the transmission of ePDCCH could exploit the beamforming (BF) gain, as well as frequency selective scheduling (FSS) gain. To support BF gain, the whole ePDCCH needs to be transmitted in contiguous (or close enough) resources. On the other hand,  to enjoy the benefit of FSS,   it is required that ePDCCH can be scheduled in different sub-bands of the system bandwidth.  Those requirements are not exactly the same as that for the legacy PDCCH, where only diversity gain is exploited. 
As agreed at the RAN1 #70 meeting that a UE could be configured with one or multiple ePDCCH sets, and each set consists of multiple PRB pairs. To satisfy the requirement for ePDCCH transmission, the ePDCCH candidates  are better distributed evenly within an ePDCCH set. The allocation of ePDCCH candidates can be done on logical index level within an ePDCCH set before virtual resources such as VRBs are mapped to physical resources like PRBs. 
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Figure 1:   Distribute ePDCCH candidates evenly within an ePDCCH set before mapping to physical resources
An example is shown in Figure 1. In this example, 6 VRBs are assumed in one ePDCCH set. The indices of eCCEs within the ePDCCH set is assigned in an ascending order. The ePDCCH candidates of an aggregation level could be allocated evenly across the resources within the ePDCCH set as shown in the figure.  What is not shown is that the starting position (eCCE index) for the first ePDCCH candidate could be determined by the UE ID like C-RNTI as well as the subframe index. That is similar as that defined in Rel-8 for legacy PUCCH.  If the index of an ePDCCH candidate is higher than the total indices in the ePDCCH set,  it could be wrapped around to the beginning of the ePDCCH set.  To avoid the collision of wrapped around ePDCCH candidates with other ePDCCH candidates that are assigned already, an offset could be used to assign a location for the wrapped around ePDCCH candidate.  Similar proposals could be found in [2]
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[3].
At eNB, the PRB pairs of an ePDCCH set will then be mapped to physical resources (PRB) as shown in Figure 1 where VRB#n is mapping to PRB#n, and an ePDCCH will be transmitted from the resource assigned to one of the ePDCCH candidates. The reverse process will be conducted at the UE side to search for the ePDCCH. 
If multiple ePDCCH sets are configured to a UE, the above ePDCCH candidate allocation method could be used in each ePDCCH set. The number of ePDCCH candidates for each ePDCCH set could be specified, or be signalled to the UE. For example, if two ePDCCH sets are configured for the UE, the number of  ePDCCH candidates for each AL could be evenly split between these two ePDCCH sets to maintain the same number of blind decoding (BD). However, to make such splitting more flexible, the number of ePDCCH candidates for each ePDCCH set could be signalled to the UE as part of ePDCCH set configuration. Such signalling could make the utilization of ePDCCH set more efficient. That could also make it easier to support both localized and distributed ePDCCH transmission in the same subframe. 
To summarize what’s being discussed here, the following proposals could be considered.
Proposal:

· The ePDCCH candidates for each AL could be distributed evenly across an ePDCCH set and wrapped around if needed. An offset could be used if collision occurs with already assigned ePDCCH candidates.
· The location of the first ePDCCH candidate could be determined by UE ID and subframe index using a hashing function
· The number of ePDCCH candidates for each ePDCCH set could be specified or signalled as part of ePDCCH set configuration

2.2. Transmission of DCI format 1A for fall back transmission
For each transmission mode, there is a fall back transmission, which is either single antenna port or transmit diversity. The fall back transmission is used when the eNB deems channel feedback from the UE unreliable and thus the minimum link level performance needs to be maintained via a high-reliability means of transmission. The fall back transmission is scheduled by DCI format 1A. Namely if a DCI format 1A is decoded instead of the other DCI format associated with the configured transmission mode, the fall back transmission should be assumed by the UE. In Rel-8 to 10, DCI format 1A can be transmitted in either UE specific search space (USS) or common search space (CSS) in legacy PDCCH region. 

For ePDCCH, the transmission of DCI 1A for the fall back transmission could be chosen from  a number of options depending on the type of E-PDCCH transmission.  

Table 1:  Options for DCI format 1A transmission
	Options
	DCI format x
	DCI format 1A

	1
	Localized ePDCCH 
	Localized ePDCCH 

	2
	Localized ePDCCH 
	Distributed ePDCCH 

	3
	Localized ePDCCH 
	Legacy PDCCH

	4
	Distributed ePDCCH 
	Distributed ePDCCH 

	5
	 Distributed ePDCCH
	Legacy PDCCH


Note: DCI format x is the main DCI format for corresponding transmission mode such as DCI format 1,2,2A etc

Among the above options, it is believed that transmitting DCI format 1A in the distributed ePDCCH would exploit more diversity gain and therefore maintain the basic link performance, no matter if the main DCI format for the corresponding transmission mode is transmitted as localized or distributed E-PDCCH. However, such option may not provide a complete solution because DCI format 1A in Rel-8 could be transmitted in both USS and CSS. As CSS will  not be supported in Rel-11 for ePDCCH as agreed in RAN #56 meeting, transmitting DCI format 1A in distributed ePDCCH only could not provide the same number of candidates as defined in Rel-8. 

Because CSS is not supported in ePDCCH in Rel-11, a Rel-11 UE would still need to search CSS in Rel-8 legacy PDCCH even when it is configured to search USS in E-PDCCH region. Taking this into consideration along with the above analysis on DCI format 1A transmission in ePDCCH region, a couple of options could be considered:

1. Only support DCI format 1A transmission in USS in E-PDCCH

2. Support DCI format 1A in legacy PDCCH region only

3. Split DCI 1A transmission candidates in legacy PDCCH region and ePDCCH region

The first option would reduce the number of candidates for E-PDCCH transmission as compared to that  in Rel-8, and may impact the E-PDCCH performance for DCI format 1A. Certainly some saving on BD could come from such reduction. Alternatively, the number of candidates for DCI format 1A could be kept the same as that defined in Rel-8, which is 22. However, as the candidates for main DCI format, like formats 2C is 16 in USS of ePDCCH. The extra 6 candidates for DCI format 1A needs to be allocated, which involve extra standard efforts. The second option would limit the transmission of DCI format 1A for fall back transmission only in legacy PDCCH region, even the UE is configured to search USS for the main DCI format in E-PDCCH region. However, as it was agreed at RAN1 #70 meeting that if UE is configured with ePDCCH transmission, it won’t search for USS in legacy PDCCH, that will put all the candidates of DCI format 1A in CSS of legacy PDCCH region for those UE configured to receive ePDCCH in USS. This may not be feasible considering CSS of legacy PDCCH region is shared by legacy UE and new UE configured to receive ePDCCH in USS.  For the third option, 6 candidates of DCI format 1A could be allocated in CSS in legacy PDCCH region, while the rest candidates of DCI format 1A could be allocated in USS in ePDCCH, for example, in distributed ePDCCH sets. Such split would maintain the same candidates for DCI format 1A. It has drawbacks though such that the performance and coverage of candidates in legacy PDCCH region and ePDCCH region may not be the same due to difference between legacy PDCCH design and ePDCCH design.  
Considering that a Rel-11 UE would anyway search CSS in legacy PDCCH, we slightly prefer the third option because at least some candidates of DCI format 1A for fall back transmission would provide the same performance as Rel-8. In future release, DCI format 1A could be transmitted in ePDCCH only when CSS is also supported in ePDCCH. 

At RAN1 70bis meeting, it seems that CoMP transmission like DPS could be supported for ePDCCH.  If DCI format 1A are split between CSS in legacy PDCCH and USS in ePDCCH, then only those candidates transmitted in USS in ePDCCH could enjoy the benefit of CoMP transmission. This may not impose a big issue as candidates transmitted in CSS of legacy PDCCH are supposed to perfom better than those transmitted in USS of ePDCCH, some enhancement from CoMP transmission for ePDCCH could bring more close performance between these two groups of candidates. 
Transmitting DCI format 1A in legacy PDCCH also imply that uplink grant DCI format 0 may  also be transmitted from both CSS in legacy PDCCH and USS in ePDCCH because these two DCI formats have the same size and will be decoded by the same blind decoding efforts. That does not seem to be a problem at this stage as the main enhancement of ePDCCH at this stage would be to enhance performance of DCI format with large pay load size, which is mainly for the downlink DCI formats such as 2,2A, 2C etc.  In the future, when CSS is supported in ePDCCH, DCI formats 1A and 0 could all be transmitted in ePDCCH. 

Proposal:

· For ePDCCH in Rel-11, the candidates of DCI format 1A (and DCI format 0) for the fall back transmission could be split between CSS in legacy PDCCH region and USS in ePDCCH region.  

2.3. Split of different DCI format candidates within  ePDCCH
As there are two DCI formats for each transmission mode, and UE could be configured to monitor localized transmission, or distributed transmission, or both localized and distributed transmission for its ePDCCH. There are different ways to split ePDCCH candidates, either through aggregation level, or through DCI formats.  If either localized or distributed transmission are configured, it is more natural to support both types of DCI formats in either localized or distributed ePDCCH transmission, and similar as Rel-8, the ePDCCH candidates for each DCI format would be allocated with the same resources.  That would make the BD between two DCI formats simpler, as UE only need to do one round of channel estimation and decoding for each potential candidate and try to decode them twice with different assumptions of DCI formats. 
If a UE is configured to search both localized and distributed transmission, the split of ePDCCH candidates could be a bit more complicated as the splitting could take place on AL, or DCI format, or maybe combination of the two.  For example, certain AL could only be supported in either localized or distributed transmission,  or certain DCI format could be supported in either localized or distributed transmission. The purpose of such splitting is to maintain the  same level of BD as in Rel-8.  From the agreement at RAN1 70 meeting, it seems that most of the AL needs to be supported in both localized and distributed transmission. That leaves the option of splitting on DCI format only.  One simple split would be only to support the main DCI format for each transmission mode in localized transmission, while support DCI format 1A in distributed transmission if a UE is configured to search for both localized and distributed ePDCCH transmission. The reason behind such split is that main DCI format would benefit from the BF or FSS gains, while DCI format 1A could benefit from diversity (frequency and spatial) gains to maintain its need of robust performance. It should be noted that even though such split on DCI format could maintain the same number of BD as Rel-8, the complexity of BD could still increase to some extent as compared with that in Rel-8. That is because in Rel-8, the same PDCCH candidate of different DCI formats are allocated with the same resources, namely, they are transmitted from the same locations, therefore the same channel estimation and most decoding process would be the same. The only extra complexity is to assume different DCI format after decoding for applying CRC check.  For ePDCCH, if candidates for different DCI formats are transmitted from different ePDCCH sets, e.g., candidates for main DCI format are transmitted from localized ePDCCH set and candidates for DCI format 1A are transmitted from distributed ePDCCH set,  the UE needs to conduct separate channel estimation and decoding in order to decode each DCI format.  However, such additional complexity may not be an issue for advanced UE developed for Rel-11. 
If more flexibility is beneficial, the DCI format 1A could also be transmitted in both localized and distributed ePDCCH region if both transmissions are configured for a UE, so that it may exploit both BF gain and diversity gain. Such split may require more careful considering and signalling support. 

A last alternative could be to split both the main DCI format and DCI format 1A in localized and distributed ePDCCH. Such split could be pre-defined or configured by higher layer signalling. Candidates of  main DCI format and DCI format 1A could occupy the same locations in searching space. That will make the design of ePDCCH search space more simple, and decoding of both DCI formats are more similar to that in Rel-8, e.g., using the same channel estimation. 
The above discussion could be summarized in the following table

Table 2: DCI format split for ePDCCH
	ePDCCH Configuration 
	DCI format x
	DCI format 1A

	Localized
	Localized ePDCCH 
	Localized ePDCCH 

	Distributed
	Distributed ePDCCH 
	Distributed ePDCCH 

	Both localized and distributed
	Localized ePDCCH 
	Distributed (and localized) ePDCCH 

	Both localized and distributed
	Localized and distributed ePDCCH 
	Localized and distributed ePDCCH 


Note: DCI format x is the main DCI format for corresponding transmission mode such as DCI format 1,2,2A etc

Similar as discussed in the previous section, the split rule would apply to uplink grant DCI format 0 because these two DCI formats could share the same BD efforts from UE perspective.  

Proposal:
· If UE is configured to monitor both localized and distributed ePDCCH transmission, it could  search for main DCI format in configured localized ePDCCH sets and DCI format 1A in configured distributed (and localized) ePDCCH sets. 
3. Conclusions

In this contribution, some remaining issues on ePDCCH searching space design are discussed and our views at this stage could be summarized as follows
· Limiting the maximum number of ePDCCH sets configured for each UE to be 2. 
· Configuring one primary ePDCCH set and one secondary ePDCCH set for each UE.
· The ePDCCH candidates for each AL could be distributed evenly across an ePDCCH set and wrapped around if needed. An offset could be used if collision occurs with already assigned ePDCCH candidates.

· The location of the first ePDCCH candidate could be determined by UE ID and subframe index with a hashing function

· The number of ePDCCH candidates for each ePDCCH set could be specified or signalled as part of ePDCCH set configuration

· For ePDCCH in Rel-11, the candidates of DCI format 1A (and DCI format 0) for the fall back transmission could be split between CSS in legacy PDCCH region and ePDCCH region.  

· If UE is configured to monitor both localized and distributed ePDCCH transmission, it could  search for main DCI format in localized ePDCCH set and DCI format 1A in distributed (and localized) ePDCCH sets. 
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