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1. Introduction

In RAN1#68bis, the e-PDCCH design has been extensively discussed with no agreements, but, with the following further study and recommendations:    
Next steps:

· Consider how to handle mapping of ePDCCH in presence of other signals:

· Possible methods:

· puncturing of REs including coded symbols

· puncturing of REs from “(e)REG/(e)CCE”with rate matching in coding chain

· rate matching for coding chain together with mapping “(e)REG/(e)CCE” around the other signals
· Consider all other potentially colliding signals, including CRS, legacy control region, PSS/SSS, PBCH, PRS, CSI-RS, DM-RS

· Then consider “(e)REG/(e)CCE” definitions 

· Then determine necessary aggregation levels and relationship to localised and/or distributed transmission. 

· Consider whether multiplexing of localised and distributed ePDCCH parts is needed in same PRBs

· Study “fallback” operation and need for localised and distributed USS candidates in same subframe

In this contribution, we discuss localised E-PDCCH resource configurations in normal operation as well as fallback operation. 
2. Discussion

2.1. E-PDCCH resource configurations for Normal operation
In normal operation, “Frequency selective scheduling” is one of most important and desirable characteristics for E-PDCCH transmission as agreed in RAN1#66bis [1]. In this case, localized resource configurations can efficiently achieve the frequency selective gain for E-PDCCH transmission. The followings are possible options for localized E-PDCCH resource configurations:
Option 1: Dynamic configuration with explicit signalling: In this option, the resources allocated for E-PDCCH are indicated dynamically (i.e. subframe by subframe) to one UE or a group of UEs, for example via legacy PDCCH [3].
Option 2: Semi-static configuration with explicit signalling: In this option, the resources allocated for E-PDCCH are signalled semi-statically e.g. by RRC or MAC to the UE.
Option 3: Dynamic configuration with implicit signalling: This option can rely on some specific parameters such as Cell ID, UE ID and reported CQI (i.e. best subbands) to derive implicitly the resources allocated for E-PDCCH transmission in each subframe. It allows dynamic configuration of the E-PDCCH resources where both UE and eNB can track the resources implicitly on subframe by subframe basis or based on CQI reporting periodicity. 
Option 4: Semi-static configuration with implicit signalling: This option is similar to Option 3, but, the E-PDCCH resources are changed semi-statically and implicitly between eNodeB and UE. However, it needs careful design how UE and eNodeB synchronise themselves so that the switching between the old resources and new resources are performed in both eNB and UE in the same sub-frame. This can be done by both eNB and UE agreeing to apply the change a fixed number of sub-frames.

In Table 1 below, we have provided the pros and cons of these four options. It seems that Option 1 and 3 can offer “Frequency selective gain” in low UE mobility. So, we have preference of dynamic configuration for localised E-PDCCH resource configurations in normal operation [3].
Table 1. Pros and Cons of each option for localised E-PDCCH resource configurations in Normal Operation:
	 
	Pros
	Cons

	Option-1

Dynamic configuration with explicit signalling
	Frequency selective gain for low UE mobility through link adaptation. 
Flexibility for eNB scheduler.
Reduced blocking probability due to increased multiplexing capacity as a result of reduced aggregation level.
	E-PDCCH cannot operate independent of PDCCH.

UE implementation complexity due to two stage decoding and reduced time budget.
Problematic in case of HetNet where the legacy PDCCH performance may be degraded, leading worst performance than PDCCH.
May not provide frequency selective gain for high mobility users.

	Option-2

Semi-static configuration with explicit signalling
	Reduced blocking probability compared to Implicit Signalling (option 4).
Reduced number of blind decoding compared to Implicit Signalling.
Frequency selective gain may be achievable for stationary users through e.g. reconfiguration or MAC control element, etc
Signaling overhead reduction
	No frequency selective gain for mobility users due to very slow (or no) link adaptation


	Option-3
Dynamic configuration with implicit signalling
	Frequency selective gain for low UE mobility
E-PDCCH can operate independent of PDCCH.
Signalling overhead reduction.
Reduced blocking probability due to increased multiplexing capacity as a result of reduced aggregation level.

	eNB and UE have to maintain synchronization of the E-PDCCH resources.

May result in frequent fall back operation (it needs to be analyzed carefully). 

E-PDCCH cannot operate independent of CSI reporting.
May not provide frequency selective gain for high mobility users.



	Option-4
Semi-static configuration with implicit signalling
	E-PDCCH can operate independent of PDCCH.
Signalling overhead reduction.

	No frequency selective gain

Limited flexibility for eNB scheduler


In addition, in order eNodeB and UE communicate all the time, a reliable and robust mechanism is needed for localised E-PDCCH resource configurations (e.g. PRB-pair resources). For example, in high mobility case, the channel may change very dynamically and CSI information may be not available or outdated which could result loss of communication between eNB and UE. Another case is when (re-)configuring the localised E-PDCCH resources where eNB and UE may not be synchronized about the new resources. Therefore, fallback operation will be necessary for localised E-PDCCH resource configurations. 

Proposal: Fallback operation will be necessary for Localised E-PDCCH resource configurations.
2.2. Fallback operation for localised ePDCCH
For the fallback operation of the localised E-PDCCH resources, there are two possible options as follows:
Option-A: Common (and UE-specific) Search Space in the legacy PDCCH

Option-B: Distributed E-PDCCH for a group of UEs
Both options would have no frequency selective gain, but have frequency diversity gain which is suitable for a wide range of UE mobility. 

In Option-B, distributed E-PDCCH resources would be predefined within the system bandwidth in implicit or explicit manner. The predefined E-PDCCH resources in implicit manner may be derived from well known specific parameters (e.g. Cell ID, UE ID). 
In Table 2 below, we have provided the pros and cons of these two options. The combinations between different options in normal operation and options in fallback operation are FFS.
Table 2. Pros and Cons of each option for Fallback Operation:
	
	Pros
	Cons

	Option-A
Common (and UE-specific) Search Space in the legacy PDCCH
	Frequency diversity gain for all users
Less complexity as same operation as Rel-8 
No specification impact
	Need to monitor both PDCCH and E-PDCCH



	Option-B
Distributed E-PDCCH 
	Frequency diversity gain for all users 
E-PDCCH can operate independent of PDCCH.
	Need to monitor both localised and distributed E-PDCCH 


3. Conclusion

In this contribution, we have discussed different possibilities for E-PDCCH resource configuration for normal operation as well as the fallback operation. 
As the “Frequency selective scheduling” is one of most important and desirable characteristics as agreed in RAN1#66bis, we have preference of dynamic configuration for localised E-PDCCH resource configurations in normal operation.
Further more, in order eNodeB and UE communicate all the time, a reliable and robust mechanism is needed for localised E-PDCCH resource configurations.
Proposal: Fall back operation will be necessary for Localised E-PDCCH resource configuration.
______________________________________________________________________
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