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1. Introduction 
In RAN1 #69 meeting, some aspects of E-PDCCH search space and multiplexing design were discussed and some progress was made. There are still some remaining issues, among which include
· Whether a UE can be configured to monitor both localised and distributed E-PDCCH USS candidates in the same subframe.
· What aggregation level should the localized and distributed E-PDCCH transmission support
· Where to transmit the fall back operation, the E-PDCCH region or legacy PDCCH region
In RAN#56 meeting, due to the limited remaining meeting time for Rel-11, the scope of E-PDCCH for Rel-11 have been reduced to leave the common search space discussion for E-PDCCH to Rel-12. That means that E-PDCCH in Rel-11 won’t support common search space. 
In this contribution, some of the above aspects on E-PDCCH search space design are discussed and our views are provided taking into consideration of the latest update on E-PDCCH WI scope in Rel-11. 
2. Considerations on E-PDCCH Search Space Design
2.1. The configuration of localized and distributed E-PDCCH transmission
As both localized and distributed E-PDCCH transmission should be supported, the remaining issue would be whether the resource for localized and distributed E-PDCCH transmission could be separately allocated or they could be multiplexed in one PRB. The advantage of multiplexing these two types of E-PDCCH transmission, as claimed in [1], would be to reduce the waste of resources if they are not used for E-PDCCH transmission. However, since REs in multiple PRBs are needed for distributed transmission, the PRBs cannot be shared with PDSCH unless all transmissions in a subframe is localized. Therefore, it seems that mixing localized and distributed transmission in the same PRB does not necessarily provide any benefit in terms of resource utilization.  On the other hand,  the proposal makes the scheduling of E-PDCCH transmission more complicated. For example,  when some REs of a PRB are used for distributed E-PDCCH, it would be hard to schedule localized E-PDCCH with higher aggregation levels in the PRB.  In our view,  it would be more straightforward to configure separate resources (regions) for localized E-PDCCH transmission and distributed E-PDCCH transmission. 
From UE perspective, it could be configured to search a localized E-PDCCH region or a distributed E-PDCCH region only. Such configuration could be semi-statically signalled to the UE through higher layer signalling such as RRC. For a UE with low mobility, more reliable channel feedback would allow the use of channel dependent beamforming operation, and therefore, localized E-PDCCH transmission could be configured. For a UE with higher mobility, because the channel feedback may not be reliable due to outdated channel state information, distributed E-PDCCH transmission could be configured to exploit random BF gain and frequency diversity gain.  
Proposal:  
· Semi-statically configure separate resources for localized and distributed E-PDCCH transmission.
2.2.  Whether to monitor both localized and distributed E-PDCCH USS candidates in a subframe

The reasons argued by some companies on the  need of monitoring both localized and distributed E-PDCCH USS candidates can be summarized below:

1. First, different aggregation levels (ALs) of the main DCI format of any transmission mode could be transmitted in localized and distributed E-PDCCH in the same subframe. For example, aggregation level (AL) 1 and 2 could be transmitted in localized E-PDCCH, while AL=4, 8 could be transmitted in distributed E-PDCCH. 
2. The main DCI format could be transmitted in either one of the localized or distributed E-PDCCH, while the fall back DCI format (DCI 1A) could be transmitted in distributed E-PDCCH.  

 Splitting different AL of the main DCI format into localized and distributed E-PDCCH transmission is to avoid the increase of blind decoding (BD) while at the same time to exploit both the BF and frequency diversity gain for different ALs. However, that would limit the support of all ALs in both localized and distributed E-PDCCH transmission. For example, AL=4,8 may not be supported in localized E-PDCCH transmission or AL=1,2 may not be supported in distributed E-PDCCH transmission.  Such AL splitting not only contradicts to  some existing agreements for E-PDCCH transmission, for example, support AL=1 for distributed transmission, but also imposes some unnecessary restrictions. For example, for localized E-PDCCH transmission, higher AL could still be supported for cell edge UE if the feedback of channel is reliable. 
For fall back operation which is signalled by DCI format 1A, as it is mainly to maintain the minimum performance when the channel feedback is not reliable, it would be more appropriate to exploit diversity gain. There are two choices, one is to transmit it as a distributed E-PDCCH, and the other is to transmit it as legacy PDCCH. From the analysis in the following section, it seems that in Rel-11, it may be simpler to adopt the second choice. 
Based on above observations, it seems good to support all ALs for both localized and distributed E-PDCCH transmission. To avoid the increase of BDs, it is better not to configure UE to search for both localized and distributed E-PDCCH in the same subframe.
Proposal:

· Support all ALs for both localized and distributed E-PDCCH transmission. 
· Configure UE to monitor either one of localized or distributed E-PDCCH in the same subframe, but not both. 
2.3. 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 E-PDCCH, 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 E-PDCCH 
	Localized E-PDCCH 

	2
	Localized E-PDCCH 
	Distributed E-PDCCH 

	3
	Localized E-PDCCH 
	Legacy PDCCH

	4
	Distributed E-PDCCH 
	Distributed E-PDCCH 

	5
	 Distributed E-PDCCH
	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 E-PDCCH 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 as agreed in RAN #56 meeting, transmitting DCI format 1A in distributed E-PDCCH only  could not provide the same number of candidates as defined in Rel-8. 
Because CSS is not supported in E-PDCCH 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 E-PDCCH 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
The first option would reduce the number of  candidates for E-PDCCH transmission as comparing 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. 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. 
Considering that a Rel-11 UE would anyway search CSS in legacy PDCCH, we slightly prefer the second option because the performance of DCI format 1A for fall back transmission would be the  same as Rel-8. In future release, DCI format 1A could be transmitted  in  E-PDCCH when CSS is also supported in E-PDCCH. 
Transmitting DCI format 1A in legacy PDCCH also imply that uplink grant DCI format 0 may  also be transmitted from legacy PDCCH 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 E-PDCCH 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 E-PDCCH of other DCI formats also needs to be supported and enhanced, DCI formats 1A and 0 could be transmitted in E-PDCCH. 
Proposal:

· For E-PDCCH in Rel-11, the DCI format 1A for the fall back transmission could be transmitted only in legacy PDCCH.  
· Along with DCI format 1A, uplink grant DCI format 0 may  be transmitted in legacy PDCCH as well.  
3. Conclusions

In this contribution, some aspects regarding the E-PDCCH search space design are discussed and our views at this stage could be summarized as follows
· Semi-statically configure separate resources for localized and distributed E-PDCCH transmission.
· Support all ALs for both localized and distributed E-PDCCH transmission. 

· Configure UE to monitor either one of localized or distributed E-PDCCH in the same subframe, but not both. 
· For E-PDCCH in Rel-11, the DCI format 1A for the fall back transmission could be transmitted only in legacy PDCCH.
· Along with DCI format 1A, uplink grant DCI format 0 may  be transmitted in legacy PDCCH as well.
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