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1. Introduction
In RAN1#68bis, RAN1 discussed whether or not common search space (CSS) should be defined in enhanced Physical Downlink Control Channel (ePDCCH). However, there has been no consensus on support for CSS on ePDCCH in Release 11 so far. Several companies indicated that they saw no significant motivation for CSS on ePDCCH. In this contribution, we present our view on CSS on ePDCCH.
2. Discussion
One of motivations for introducing ePDCCH is capacity enhancement of control signalling [2]. Therefore, at least a UE-specific search space (USS) should be supported in ePDCCH. At the same time, restriction of blind decoding should be considered. From this point of view, it is preferable that UE does not monitor USS in PDCCH when the UE is configured with ePDCCH.
Proposal 1:

· When UE is configured with ePDCCH, the UE does not monitor USS in PDCCH.

On the other hand, CSS is not quite as simple as USS. Legacy CSS has two raisons d'être:
· To transport downlink control information (DCI) indicating broadcast information without duplication.

· To transport DCI during initial access and fallback procedures.

Regardless of the assumed scenario, Rel-11 CSS should also be directed toward these purposes, once they are defined. From the viewpoint of contents, the former is related to DCI format 1A/1C with P-/SI-/RA-RNTI while the latter is related to other DCI formats. Meanwhile, both objectives enjoy the requirement that UEs  monitor a common region. Therefore, there are two issues to be considered:
1. The possibility of transmission of DCI format 1A/1C with P-/SI-/RA-RNTI on ePDCCH [3], and

2. Whether or not all Rel-11 UEs have the ability to monitor a common part of the search space in the ePDCCH [4]. 
So far in RAN1 proceedings, these two issues have been mixed up with each other. However, these issues should be considered independently.
Observation 1:

· The following issues should be considered independently.
1. Whether or not DCI format 1A/1C with P-/SI-/RA-RNTI is transmitted via ePDCCH.

2. Whether or not all Rel-11 UEs can be configured to monitor a common part of search space in ePDCCH.

On considering the above observation, each option is discussed below. 
In terms of the first issue, there are several possible options. We also consider the transmission of DCI format 0/1A with C-RNTI here since they shared the blind decoding trials with DCI format 1A with P-/SI-/RA-RNTI in Rel-10.
· Option 1: The UE monitors legacy CSS in PDCCH in exactly the same way as Rel-10.
· Option 2: The UE monitors P-/SI-/RA-RNTI related DCI formats in PDCCH and others (i.e. DCI formats with C-RNTI) in ePDCCH.

· Option 3: The UE monitors all DCI formats in ePDCCH.
In terms of the second issue, Option 2 and Option 3 have two subtypes which are classified according to whether common part of search space which all UEs configured with ePDCCH monitor is specified in ePDCCH region. Table 1 is outline of the above options. Note that “common part of search space in ePDCCH” in Table 1 means search space which is determined without relying on any UE-specific parameters. Meanwhile, “dedicated part of search space in ePDCCH” is search space determined by using UE-specific parameters as with USS while it can transport DCI format 1A/1C with P-/SI-/RA-RNTI.
Table 1: Search space for DCI formats.
	
	DCI format 1A/1C with P-/SI-/RA-RNTI
	DCI format 0/1A with C-RNTI
	other DCI formats with C-RNTI

	Legacy
	CSS in PDCCH
	CSS in PDCCH

USS in PDCCH
	USS in PDCCH

	Option 1
	CSS in PDCCH
	CSS in PDCCH
USS in ePDCCH 
	USS in ePDCCH

	Option 2-a
	CSS in PDCCH
	common part of search space in ePDCCH

USS in ePDCCH 
	USS in ePDCCH

	Option 2-b
	CSS in PDCCH
	USS in ePDCCH 
	USS in ePDCCH

	Option 3-a
	common part of search space in ePDCCH


	common part of search space in ePDCCH

USS in ePDCCH 
	USS in ePDCCH

	Option 3-b
	dedicated part of search space in ePDCCH
	dedicated part of search space in ePDCCH
(USS in ePDCCH)
	USS in ePDCCH


At this point we will consider certain issues arising from the above options.
· Duplication

In Option 1, Option 2-a, and Option 2-b, duplication does not occur since indications of broadcast information are carried only on PDCCH. In Option 3-a, PDCCH and ePDCCH carries the same indication. In contrast, Option 3-b requires that the indication has to be concurrently transmitted with respect to each UE. In this case, duplication could be reduced by  approaches which enable multiple UEs to monitor the same ePDCCH.
· Blind decoding

In Option 1, Option 3-a and Option 3-b, duplication of blind decoding can be avoided since DCI format 1A with P-/SI-/RA-RNTI and that with C-RNTI are monitored within the same search space. On the other hand, Option 2-a and Option 2-b need separate blind decoding for them because they are arranged the different search spaces.
Observation 2:

· Duplication of blind decoding can be avoided by arranging the same search space for DCI format 1A with P-/SI-/RA-RNTI and that with C-RNTI.

· Rel-11 NCT
According to email discussions from the previous meeting [5], some companies raised CSS on new carrier type (NCT) as the motivation of introducing CSS in ePDCCH. Before discussing this functionality, we should confirm a couple of assumptions on carrier aggregation. That is, UEs assume that CSS exists only in PCell and UEs monitor DCI format 1A/1C with P-/SI-/RA-RNTI only in PCell. Even in the case that PCell changes by using handover procedure, ambiguity issue arising amidst  RRC Reconfiguration happens since only way to transport the system information of NCT is to use dedicated RRC signalling. Therefore, NCT can not be PCell and this means NCT has no CSS.
Observation 3:

· According to current assumptions on carrier aggregation, UEs assume that CSS exists only in PCell and UEs monitor DCI format 1A/1C with P-/SI-/RA-RNTI only in PCell.

· Due to ambiguity issue during RRC Reconfiguration, NCT cannot be PCell even through handover procedure for PCell change.
· NCT does not have CSS.
· New functionality

Given the introduction of MTC, standalone NCT etc., it may be preferable that new functionality is applied to signalling of broadcast information such as Paging, SI and RA. For instance, it is not possible to monitor indication of broadcast information via legacy PDCCH with restricted bandwidth or in NTC. On the contrary, common part of search space in ePDCCH of Option 3-a or Option 3-b may help a realization of this functionality. However, if UE-common manner to configure common part of search space in ePDCCH require PDCCH monitoring, the same framework may be no longer used in a future release that supports MTC or standalone NCT. Therefore, due to forward compatibility, it should be assumed that PDCCH monitoring is not necessary to configure CSS in ePDCCH.
Observation 4:

· If UE-common manner to configure common part of search space in ePDCCH require PDCCH monitoring, the same framework may be no longer used in a future release that supports MTC or standalone NCT.
We should take into account that this issue is also intimately related to the initial access processes. If RAN1 decided to introduce a new initial access procedure using CSS in ePDCCH for MTC, Option 3-a could be reasonable. However, RAN1 has not decided to introduce any new initial access other than the legacy procedure yet and we should confirm that introduction of a new initial access is not in the scope of Rel-11 WI.
Proposal 2:

· It should be confirmed that introduction of a new initial access is not in the scope of Rel-11 WI.

· Standardization impact

So far, RAN1 has discussed on the assumption that ePDCCH is configured with UE-specific manner like R-PDCCH. From this standpoint, Option 1, Option 2-b and Option3-b have a negligible impact to standardization because ePDCCH consists of only USS configured with UE-specific manner. On the contrary, for Option 2-a and Option 3-a, it is necessary that common part of search space configured with UE-common manner has to be specified as well as a dedicated one. Hence, these options require a larger standardization effort. Table 2 shows standardization impact on functionalities which companies raised as motivation of introducing CSS in ePDCCH during email discussion [5]. Due to Rel-11 timeline, it seems to be difficult to establish a common part of search space in ePDCCH that is determined without dedicated signalling. Moreover, if one of the dedicated parts of search spaces on ePDCCH is configured to transport ePDCCH with P/SI/RA-RNTI and its location is static on physical resources, it can be considered as a virtual CSS on ePDCCH for a Rel.11 UE except  the initial access functionality.
Proposal 3:

· Search space(s) in ePDCCH is always configured by dedicated signalling in Rel-11.
· It is not precluded that multiple UEs share the same dedicated search space so as to monitor the same ePDCCH.

Table 2: Possibility/Standardization impact on functionalities in [5]
	Functionality
	Deployment
	Standardization impact

	Support for frequency domain ICIC in HetNet Scenario
	HetNet except for CoMP Scenario 4
	UE has to know the location of common part of search space on ePDCCH without using PDCCH. For example, 
· PBCH carries the location of common part of search space on ePDCCH.

· The location of common part of search space on ePDCCH is implicitly determined by PSS/SSS.

	
	CoMP Scenario 4
	This is not possible since MIB and PCI have to be common among Macro node and LPNs.

	Mitigation of CRS interference within co-ordinated MBSFN subframes
	HetNet except for CoMP Scenario 4
	UE served by macro eNB has to know whether or not CRS exist in common part of search space on ePDCCH without using PDCCH.

· UE attempts blind decoding for both ePDCCH-CSS with CRS and that without CRS. Otherwise, drastic reduction of blind decoding attempt is necessary.
· PBCH carries the location of MBSFN subframe.

· MBSFN subframe pattern is implicitly determined by PSS/SSS.

	
	CoMP Scenario 4
	UE served by macro eNB has to know whether or not CRS exist in common part of search space on ePDCCH without using PDCCH.

· UE attempts blind decoding for both ePDCCH-CSS with CRS and that without CRS. Otherwise, drastic reduction of blind decoding attempt is necessary.


· Fallback issue
If RRC Reconfiguration occurs, Option 1 provides exactly the same fallback as Rel-10. Option 2-a and Option 3-a could provide fallback to common part of search space so that DCI format 0/1A with C-RNTI is transported. Therefore, fallback operation can be provided via common part of search space so that ambiguity issue during RRC Reconfiguration can be avoided if the common part of search space is introduced. However, it is difficult to establish common part of search space in ePDCCH as discussed above. In Option 2-b and Option 3-b, ambiguity problem may happen since DL/UL grant is transported only via dedicated part configured by RRC signalling. Therefore, a new fallback operation has to be introduced in these cases and the simplest way is to use CSS in PDCCH.

Proposal 4:

· Rel-11 fallback operation is provided via CSS in PDCCH.
3. Conclusion

Based on the above, Sharp proposes that: 

· When UE is configured with ePDCCH, the UE does not monitor USS in PDCCH.

· It should be confirmed that introduction of a new initial access is not the scope of Rel-11 WI.

· Search space(s) in ePDCCH is always configured by dedicated signalling in Rel-11.

· It is not precluded that multiple UEs share the same dedicated search space so as to monitor the same ePDCCH.

· Rel-11 fallback operation is provided via CSS in PDCCH.
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